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DELIVERABLE D.7.3  

EVALUATION OF THE OPERATIONAL MONITORING DATA OF THE DEMONSTRATION PROJECTS   

 

Scope of deliverable  
This deliverable summarizes the activities and the results of the monitoring of 
the installations and buildings in Aarhus/Denmark and Växjö/Sweden within 
READY. 
Monthly monitoring data have been collected and analysed for all READY 
Demonstration Projects (RDP) regarding the energy consumption, production 
and the environmental and financial impact. 

 
Context of deliverable  
The report is based on the READY demonstration activities in Aarhus and Växjö. 

 
Perspective of deliverable  
The perspective of the deliverable is to present the monitoring results and 
disseminate the activities and solutions to achieve a higher degree of energy 
from Renewable Energy Sources (RES) in the energy utilization in cities, especially 
the building sector. 
 
Involved partners  
AIT, COWI, ESS-SE, VEAB-SE, HOUSE-DK, MUN-DK et al. 

 
Executive summary  

This deliverable describes the monitoring results for the READY Demonstration 
Sites in Aarhus in Denmark and Växjö in Sweden. The monitoring includes the 
measurement of energy consumption in the buildings and the energy production 
from Renewable Energy Sources (RES) at the READY Demonstration Sites (RDS) in 
order to assess the energy demand resp. production, in a normalised year. 
Further READY Demonstration Projects (RDP) regarding district heating/cooling 
and electric mobility were monitored as well. 
 
The buildings were refurbished by means of Building Envelope Improvement 
(BEI) including new windows. These passive means are a requirement for 
achieving low energy consumption. The buildings are further equipped with 
active elements in the form of efficient balanced ventilation with a high degree 
of heat recovery, Photovoltaic (PV) and Photovoltaic Thermal (PVT) systems on 
roofs as well as Waste Water Heat Recovery (WW-HR) facilities and a Battery 
Energy Storage System (BESS) for self-consumption optimisation of the PV yield. 
The measures regarding district heating were performed by lowering the 
ǎȅǎǘŜƳΩǎ ǘŜƳǇŜǊŀǘǳǊŜǎ ǿƛǘƘ ǘƘŜ ŀƛƳ ƻŦ ǊŜŘǳŎƛƴƎ ǇƛǇŜ ƘŜŀǘ ƭƻǎǎŜǎ ŀƴŘ ōȅ ƛƴǎǘŀƭƭƛƴƎ 
a 1 MW sea water-fed heat pump increasing the share of renewable heat in the 
district heating network (Aarhus).  
Further READY Demonstration Projects are the innovative district cooling project 
άŜƴŜǊƎȅ ǳǎŜŘ ǘƘǊŜŜ ǘƛƳŜǎέ ό±ŅȄƧǀύ and the installation of charging stations for 
electric vehicles (Aarhus). 
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In READY, the normalised average Final Energy consumption of all buildings is 
64 kWh/m²yr, which meets the corresponding target value according to Building 
Energy Specification Table (BEST, see DOW) very well. Due to deviations from 
original planning regarding the installation of RES facilities (PV(T) systems, etc.), 
the monitored on-site RE production (at the sites of the refurbished buildings) of 
5.9 kWh/m²yr does not in itself meet the corresponding target value. 
Nevertheless, this shortcoming is (over)compensated by the contribution of the 
above mentioned 1 MW sea water-fed heat pump in Aarhus harbour. This large 
heat pump can contribute with up to 6 GWh renewable heat to the district 
heating system per year. 
w9!5¸Ωǎ total environmental impact is a reduction of greenhouse gas (GHG) 
emissions of approx. 70 thousand tons CO2,eq within a 30 years timeframe.  
!ǎ w9!5¸Ωǎ ол ȅŜŀǊǎ GHG emission saving target was 57 Thousand tons, the 
corresponding achieved GHG emission savings of 62 Thousand tons (excluding 
the contribution of further measures), speaks for REAḐ Ωǎ ǎǳŎŎŜǎǎ.  
The project and the results can be used as model for other construction projects. 
Furthermore, the results are disseminated and discussed in various fora. 
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1 Summary  

This report, D.7.3 Evaluation of the operational monitoring data of the 

demonstration projects  is a deliverable of the EU - funded project called READY. It 

contains monitoring data and analyses of the demonstration activities conducted 

in Aarhus/Denmark and Växjö/Sweden.  

The monitoring data covers energy consumption of refurbished buildings, heat 

losses of energetically optimised district heating networks, the heat production 

and electricity consumption of heat pumps, the elect ricity (and heat) production 

of photovoltaic (thermal) systems and others. Some buildings and facilities were 

commissioned after 2018. Therefore, reliable monitoring data of a full calendar 

year (i.e. 2019) were not available for all buildings and faciliti es. Eventually, 

missing, implausible or non -representative measurement data were replaced by 

reliable data from other months and further input values (e.g. heating degree 

days).  

Based on this data, comprehensive analyses  concerning the environmental and 

economic impact of the undertaken measures was  performed. In this report, the 

aggregated monitoring results and the outcome of the analyses  are presented. 

Where applicable, the results from the monitoring data were compared with the 

energy consumption and pr oduction values stated in the Building Energy 

Specification Table (BEST) which is part of the Description of Work (DOW) of the 

READY project. This report proves  that  the BEST Targets are met and therefore, 

the READY project  has been  successful.  

Energy consumption  In 2019 resp. 2020, t he monitoring data 1 from the READY Demonstration Sites  

(RDS) 2 in Växjö resulted in a Final Energy consumption 3 of 72  kW h/m², which is 

10  kW h/m² below the BEST Target Value of 82  kW h/m².  

In 2019 respectively 2020, the monitored Final Energy consumption of the 

buildings at the RDS in Aarhus was 59  kW h/m²per year which is even 

13  kW h/m² below the BEST Target Value of 72  kW h/m².  

In READY , the average Final Energy consumption at all Demonstration Sites of 

the whole proj ect was 64  kW h/m²yr , which is 12  kWh/m² below  than the BEST 

Target Value of 76  kW h/m².  

 
1 In this report, unless otherwise noted, area -based values , representing a group of 

buildings , are floor area -weighted average values. When applicable, energy 

consumption/production values were normalised to reference conditions (e.g. heating 

degree days o f a reference year see 3.3 ). For the definition of floor area see 3.2.1 . 

2 In this report, READY Demonstration Projects regarding building refurbishment are 

hereafter referred to as READY Demonstration Sites.  

3 Heat consumption from district heating network for space heating and domestic hot 

water (DHW) preparation and electricity consumption for building operation (BOPS, 

lighting in common areas and centralized ventilation systems) .  
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Hence, the monitoring data proves that the reduction in Final Energy 

consumption as targeted by the READY project is met.  

Figure 1 shows the BEST Reference, the BEST Target Values and the Monitoring 

Results of the heat consumption for space heating and Domestic Hot Water 

(DHW) as well as the electricity consumption for  building operation (BOPS)  of 

the multi - family and for office buildings in READY.  

 

 

Figure 1:  BEST Reference, BEST Target Values and Monitoring Results (2019 resp. 

2020)  of heat consumption for space heating and DHW and electricity 

consumption (BOPS)  in READY (floor area -weighted average)  

RE production  The BEST Targets concerning the on-site 4 Renewable Energy (RE) production  in 

Växjö was on average 3.4  kW h/m²yr and 24  kW h/m²yr in Aarhus . The BEST 

target Value of on -site RE production  at the RDS in Växjö and  Aarhus together 

was 16  kW h/m²yr .  

In 2019 resp. 2020 , the monitored on-site RE production  in Växjö was 

3.2  kWh/m²yr  and 7.7  kW h/m² yr in Aarhus . The floor area -weighted average 

value of all RDS was 5.9  kW h/m²yr .  

The monitoring values show that the target regarding on -site RE production was 

not completely fulfilled, but a 1  MW heat pump in Aarhus harbour more than 

compensates these shortfalls wit h a potential heat production of 6 GWh/yr.  

Figure 2 shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the solar heat (ST yield) and electricity ( PV yield) production from roof -

 
4 Hereafter ñon-siteò refers only to RE production  (e.g. of a PV system)  at READY 

Demonstration Sites with a co rresponding ñtarget valueò in the BEST (see DOW). 
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top Photovoltaic (PV) and Photovoltaic Thermal (PVT) systems as well as from 

Waste Water Heat Recovery ( WW-HR) facilities (WW -HR yield) at the READY 

Demonstration Site s in Växjö and Aarhus.  

The contribution from the 1  MW sea water - fed heat pump  is indicated. The 

energy savings in the improved district heating network in Växjö and the other 

measures, not mentioned in this section, were not included.  

 

Figure 2:  BEST Target Values and Monitoring Results (2019 resp. 2020)  of on -site 

RE production (heat and electricity)  in READY  (floor area -weighted 

average) . The contribution from the 1  MW heat pump is indicated.  

RE supply to buildings  Additional BEST Targets refer to the heat and electricity supply to the READY 

Demonstration Site s by the local district heating networks and the electricity 

grids from centralized renewable heat and electricity production.  

At the time when the DOW was est ablished, the use of waste heat from The New 

University Hospital (DNU) and the electricity production from additional common 

wind turbines (both in Aarhus) were suggested. These measures were not 

implemented within READY but in Aarhus resp. Växjö the renew able share in 

both, district heating (80% resp. 95%) and electricity (66% resp. 90%) is high.  

Therefore, the total renewable contribution from on-site RE  production and grid 

supply is remarkable. Additionally, the above mentioned 1  MW (first of 12  MW 

plann ed) sea water - fed heat pump  at Aarhus harbour displaces  the non -

renewable share in READYôs district heating supply.  
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Figure 3 shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the renewable 5 and non - renewable  energy supply to the RDS in Växjö 

and Aarhus and the on-site RE production  in READY. The surplus heat production 

of the 1  MW sea water - fed heat pump is indicated.  

The energy savings in the impr oved district heating network in Växjö and the 

other measures, not mentioned in this section, were not included. The graph 

confirms that on an annual , project -wide view, almost no non -renewable  energy 

is required to supply the RDS with heat and electricity.  

 

Figure 3:  BEST Target Values and Monitoring Results (2019 resp. 2020)  of the total 

renewable and non - renewable energy supply to buildings in READY from 

on -site RE production  resp. grids  (floor area -weighted average) . The 

surplus heat production  of the 1 MW sea water - fed heat pump  is indicated.  

Further energy savings  The optimised  district heating network in Alabastern/Växjö achieves a reduction 

in  pipe heat losses of 106  MWh per year. The innovative district cooling project 

ñenergy used three timesò in Växjö reduced the cooling energy consumption by 

1 GWh by means of efficiency in the cooling system of the servers at a data 

centre and save 600  MWh cooling energy as it is provided by the heating of the 

football turf. As the cooling energy is provided by free cooling (from lake water), 

and by an absorption cooling machine (COP= 0.65 )  which is powered by heat 

from the district heating network, the total  saved heat is 2.5  GWh. Including the 

free cooling waste heat used for the football turf the total heat savings are 

approx.  3.1  GWh . 

 
5 In this approach  no distinction between renewable and nuclear energy was made  
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Primary Energy  In READY, building refurbishment lead s to PE savings of 91.0  kWh/m²yr 

regarding heat and 41.4  kW h/m²yr rega rding electricity. Figure 4 and Figure 5 

show the  BEST Target Values and Monitoring Results (2019 resp. 2020)  

regarding PE savings due to building refurbishment resp. due to on -site RE 

production (1  MW heat pump indicated).  

 

Figure 4:  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to refurbishment  in READY (floor area -weighted average)  

 

Figure 5:  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to on -site  RE production in  READY (floor area - weighted 

average) . The contribution from the 1  MW heat pump is indicated.  
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COϜ emission savings  In READY, the annual  CO2 emission savings regarding building refurbishment is 

approx.  1,668  tons 6. Figure 6 illustrates the specific CO2 emission savings (per 

m² gross floor area) due to building refurbishment.  

 

Figure 6:  BEST Target Values and Monitoring Results (2019 res p. 2020)  regarding 

the  COИ emission savings due to  building refurbishment in READY  (floor 

area -weighted average) . 

The on -site RE production (heat and electricity)  lead to annual  CO2 emission 

savings of approx.  231 tons per year. Additionally, the 1  MW sea water - fed heat 

pump  in Aarhus harbour (Denmark) saves  CO2 emissions of approx.  648 tons 

per year.  

Figure 7 illustrates the floor area -weighted aver age  CO2 emission savings due to 

on -site RE production . The contribution from the 1 MW sea water - fed heat pump  

is indicated. The  CO2 emission savings in the improved district heating network 

in Växjö and the other measures, not mentioned in this section, ar e not included 

in this graph.  

 
6 COϜ emission s calculated with  CO2 emission factor s defined in the DOW  



 

 

     

 18   D.7.3 EVALUATION OF THE OPERATIONAL MONITORING DATA OF THE DEMONSTRATION PROJECTS  

 https://cowi.sharepoint.com/sites/A064318 - project/Shared Documen ts/03 Deliverables/04 Reporting/07 WP7/D.7.3/04 Final Documents/D7.3 Evaluation of the 

operational monitoring data of the demonstration projects_v2.4 final.docx   

 

Figure 7:  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding 

the  COИ emission savings due to on-site RE production  in READY  (floor 

area -weighted average) . The contribution from the 1  MW heat pump is 

indicated.  

The f urther  READY Demonstration  Projects  not included  above contribute to  CO2 

emission savings  as well . The  optimised  district heating network in 

Alabastern/Växjö achieves  CO2 emission savings of approx. 7.9 tons per year. 

The  CO2 emission savings of the innovative district cooling project ñenergy used 

three timesò in Växjö are at least 230 tons per year.  

Economic analysis  The share of investment costs required to achieve the energy savings presented 

above was approx.  13  MEUR (166 EUR/m²) just regarding building 

refurbishment. The total investment costs of all facilities for on -site RE 

production (hereafter also referred as RES facilities) was approx.  1 MEUR excl. 

VAT. 

The total cost of refurbishment is significantly higher, e.g. approx.  

1,500  EUR/m² for Demonstration Sites in Aarhus, as this figure includes cost for 

new bathrooms, new kitchens, balconies, surfaces, gardening  etc. These non -

energy relevant cost shares are not part of READY and hence, not investigated 

in WP7.  

The EC Support for building refurbishment measures was 50 % of the share of 

investment costs required to achieve energy savings  (max. 50  EUR/m²) . The EC 

Support for RES facilities was 50% of eligible costs of  RES facilities  (PVT and 

WW-HR systems) . Standard PV systems were not supported.  

In READY, the simple payback time for the energy - related investment in building 

refurbishment is on average 34 years resp.  25  years if the EC Support is taken 
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into consideration. The simple payback time for the investment in  all  on -site RES 

facilities in READY is on average 24 years resp. 15 years if the EC Support is 

taken into consideration.  

A suitable way to analyse the c ost effectiveness of energy -saving measures is to 

calculate the costs for the reduction of  CO2 emissions (e.g. by building 

refurbishment). These include costs for all (additional) measures that must be 

performed in order to achieve  CO2 emission savings: in vestment costs,  

reinvestment costs,  O&M costs, etc.  

As energy  savings and  CO2 emission savings often come along with energy cost 

savings, this characteristic number may become negative , which means  that  the 

total costs to achieve  CO2 emission savings are lower than the energy cost 

savings. Positive values on the other hand mean  that  the total costs to achieve  

CO2 emission savings are higher than the energy cost savings.  

In READY, the  CO2 emission saving cost of the measures regarding building 

refurbishment is on average -77 EUR/ton and -84 EUR/ton regarding on-site RE 

production . If EC Support for energy -saving measures was taken into 

consideration, these values would be even better. As these values are negative, 

on average, cost effectiveness of the READY measures could be confirmed, 

although this is not the case for each measure  in particular . 
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2 Introduction  

The objective of WP 7 is to monitor the overall energy  and  carbon impact of the 

READY project as well as to monitor the energy performance of all READY 

Demonstration Projects . 

The aim of deliverable D.7.3 is to report the results, findings and conclusions 

from the monitoring activities related to the READY project in Aarhus  and Växjö  

communities , presented in Figure 8. 

 

Figure 8:  Map representing the two demonstration communities, Aarhus in Denmark 

and Växjö in Sweden  

2.1  READY Demonstration Projects  

In Växjö  and Aarhus , three resp. f our READY Demonstration Projects  regarding 

building refurbishment  of residential and office buildings and eventually  further 

energy saving measures have been  monitored  (see  Table 1). 
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 Table 1:  READY Demonstration Sites in Aarhus  and Växjö  where building 

refurbishment  and  eventually further measures  were performed  

 

 
7 Building envelope improvement  

8 Balanced domestic/office ventilation with efficient heat recovery  

9 Facility for Waste Water Heat Recovery  (WW-HR)  

10  Battery Energy Storage System ( BESS) 

Code  District  Building 

type  

Measures  Gross floor 

area (m²)  

SE1  Alabastern, Växjö  Multi - family 

buildings  

BEI 7, VENT 8 26,853  

SE1.1  Alabastern, Växjö  Multi - family 

building  

BEI, VENT,  

WW-HR9, PVT  

3,361  

SE3  Arabygatan 9, Växjö  Office building  BEI, VENT  3,340  

DK1  District 21 Phase 1: 

Rydevænget, Aarhus  Multi - family 

buildings  

BEI, VENT, PV, 

WW-HR 

12,028  

 District 21 Phase 2: 

Rydevænget, Aarhus  

2,123  

 District 21 Phase 3: 

Fjældevænget, 

Aarhus  

Multi - family 

buildings  

BEI, VENT, PV  4,528  

 District 21 Phase 4: 

Fjældevænget, 

Aarhus  

Multi - family 

buildings  

BEI, VENT, PV  9,623  

DK2  District 20 

Trigeparken, Aarhus  

Multi - family 

buildings  

BEI, VENT, 

PVT, WW -HR, 

BESS10  

19,140  

DK3  Dybedalen 1A, 

Aarhus  

Office building  BEI, VENT, PV  1,446  

DK4  Hasle/Ske jby , Aarhus  Single family 

house  

BEI  174  

Sum 

SE 

   

33,554  

Sum 

DK  

   

49,062  

Total  

   

82,616  
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Additionally, READY Demonstration P rojects regarding district heating/cooling 

(RDP SE-DH11  and SE -WW1 in Växjö ), public charging stations for electric 

vehicles (RDP DK-Ch in Aarhus ), and a 1 MW sea water - fed  heat pump (RDP DK-

WW1 in Aarhus ) were established (described in 2.2 ) . 

RDS DK1 in Aarhus  The first READY Demonstration Site in Aarhus  is a multi - family block composed 

by 2 x 6 buildings called Rydevænget / Fjældevænget , where the impact of 

Building Envelope Improvement (BEI) , Balanced domestic ventilation with 

efficient heat  recovery (VENT) and the performance of a PV installation have 

been  monitored (RDS DK1 ) . 

Figure 9 and Figure 10  show the buildings in Rydevænget  before  and after 

refurbishment . 

 

Figure 9:  Buildings  in District 21 Rydevænget /Fjældevænget , Aarhus  (RDS DK1)  

before refurbishment 12  

 
11  The READY Demonstration Sites  (RDS) have the identification codes SE1, SE1.1, SE3, 

DK1, DK2, DK3 an d DK4  as defined in the DOW. For READY Demonstration Projects not 

(directly) related to building refurbishment  (RD P) , e.g. RES facilities, no identification 

codes had been defined in the DOW, hence, new identification codes, e.g. SE -PVT, were 

defined withi n WP7.  

12  See https://www.bf - ringgaarden.dk/se -vores -boliger/vores - afdelinger/afdeling -21/om -

afdelingen.aspx )  

https://www.bf-ringgaarden.dk/se-vores-boliger/vores-afdelinger/afdeling-21/om-afdelingen.aspx
https://www.bf-ringgaarden.dk/se-vores-boliger/vores-afdelinger/afdeling-21/om-afdelingen.aspx
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Figure 10 .  Bui ldings in District 21 Rydevænget /Fjældevænget , Aarhus  (RDS DK1)  

after refurbishment 13  

RDS DK2 in Aarhus  The second monitoring site  in Aarhus  (RDS DK2)  is a multi - family block in 

Trigeparken  with six  buildings (see Figure 11  and Figure 12 ) , the monitored 

measure s are the BEI , VENT an PVT system  (RDP DK-PV), a Battery Energy 

Storage  System  (RDP DK-ST)  and  a WW-HR facility (RDP DK-WW2) . 

 

Figure 11 :  Buildings in  District 2 0 Trigeparken, Aarhus  (RDS DK2) before 

refurbishment  

 
13  Ibid.  
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Figure 12 .  Buildings in District 20 Trigeparken , Aarhus  (RDS DK2) after 

refurbishment 14  

RDS DK3/4 in Aarhus  The other  two  READY Demonstration Sites in Aarhus  are an existing office 

building in Dybedalen 1A (RDS DK3, see Figure 13 ) and a single - family house in 

Hasle/Skejby (RDS DK4 , see Figure 14 ) . The office building was refurbished with 

BEI and VENT. Furthermore, the building was equipped with a roof - top PV 

system (RDP DK -PV). The single - family h ouse in Hasle/Skejby (RDS DK4) was 

refurbished only with BEI.  

 

Figure 13 :  Office building located in Dybedalen 1A  (RDS DK3)  

 
14  See https://www.bf - ringgaarden.dk/se -vo res -boliger/vores -afdelinger/afdeling -20/om -

afdelingen.aspx  

https://www.bf-ringgaarden.dk/se-vores-boliger/vores-afdelinger/afdeling-20/om-afdelingen.aspx
https://www.bf-ringgaarden.dk/se-vores-boliger/vores-afdelinger/afdeling-20/om-afdelingen.aspx


 

 

     

D.7.3 EVALUATION OF THE OPERATIONAL MONITORING DATA OF THE DEMONSTRATION PROJECTS   25   

https://cowi.sharepoint.com/sites/A064318 - project/Shared Documents/03 Deliverables/04 Reporting/ 07 WP7/D.7.3/04 Final Documents/D7.3 Evaluation of the 

operational monitoring data of the demonstration projects_v2.4 final.docx  

 

 

Figure 14 :  Single - family house in Hasle/Skejby (RDS DK4 )  

Further READY Demonstration Projects in Aarhus  are a public charging facility 

(RDP DK-Ch), initial steps for a low - temperature district heating project in 

Harlev  district (RDP DK-DH) 15  and a 1 MW sea water - fed heat pump  at the 

Aarhus harbour  (RDP DK-WW1 ). 

RDS in Växjö  In Växjö , there are three RDS where several energy saving /RE production  

measures , similar to those applied in Aarhus  were applied : building 

refurbishment  including BEI, balanced ventilation  with heat recovery  (VENT) , 

installation of a PVT system  (RDP SE-PVT) and a  facility for WW-HR (RDP SE-

WW2) . 

RDS SE1/1.1  The first two RDS in Växjö  are a compound of  14  multi - family buildings in 

Nydalavägen / Hjalmar Petris väg  (RDS SE1, see Figure 15 )  and another multi -

family  building in Nydalavägen 22  (RDS SE1.1, see Figure 16 ) .  

Both RDS are  located  in  Alabastern district . The applied measures  are the BEI  

and the instal lation of  centralized ventilation system s with energy efficient heat 

recovery (RDS SE1 and SE1.1 ) , a PVT system at the READY Demonstration Site  

SE1 (RDP SE-PVT) as well as a WW-HR system at  SE1.1  (RDP SE-WW2) . 

 
15  Representative monitoring data not yet available  
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Figure 15 .  Monitored buildings in Alabastern, Växjö  (RDS SE1)  after refurbishment  

 

Figure 16 :  Monitored building  in Nydalavägen 22 , Alabastern  (RDS SE1.1)  
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RDP SE3 in Växjö  Another READY Demonstration Site  is located in Tvinnaren 4 (RDS SE3, see 

Figure 17 ). The building was constructed in 1945 -1946 and used as a clothing 

factory. Today, the building is used as an office building. 3,340  m²  of the  second 

floor has been refurbished in 2017 .16  

 

 

Figure 17 :  Monitored o ffice building located in Tvinnaren 4  (RDS SE3) 17  

Further RDP in Växjö  A conventional district heating network was upgraded to a low - temperature 

district heating network (RDP SE -DH) and an innovative project with district 

cooling, where by means of an cascading approach (each user uses the return 

from the previous user) back -cooling is performed by heating a football turf. 

(RDP SE -WW1, see 2.2.3 ) 

2.2  Energy saving  and RE production  measures  

2.2.1  Building refurbishment  

In the course of  building refurbishment , the thermal insulation of facades, roofs, 

ground floors, etc. of the buildings at the RDS in Aarhus  and Växjö  were 

enhanced , the existing windows were replaced by well insulated windows with 

triple - layered glazing  and balanced venti lation systems with heat recovery 

installed in almost all buildings .  

Façade insulation  The U -values of the building components of the refurbished buildings in Aarhus  

and Växjö  before and after the building refurbishment  are listed  in Table 2 . 

  

 
16  See D.6.2  

17  Ibid.  
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Table 2:  U-values of building components  before and after building refurbishment  

 Code: SE1/ SE1.1 DK1 DK2 DK3 DK4 

Building component Unit bef. now bef. now bef. now bef. now bef. now 

External walls W/m²K 0.36 0.33 0.70 0.22 0.70 0.15 0.70 0.15 0.70 0.10 

Roof W/m²K 0.24 0.11 0.50 0.51 0.50 0.12 0.50 0.10 0.40 0.10 

Ground floor W/m²K 0.41 0.38 0.75 0.60 0.75 0.30 0.75 0.24 0.75 0.12 

Windows W/m²K 2.50 0.90 2.90 0.56 2.90 0.80 2.90 0.80 2.90 0.90 

 

Air tightness  Another crucial aspect of thermal building quality is the air tightness of buildings 

that is improved significantly in the course of  building refurbishment , as 

performed  in READY. The air tightness can be determined by means of a so-

called Blower -Door test . The tested q50 -values of the buildings at the Växjö  RDS 

lie in a very good range between 0.31  h -1 and 0.51  h -1. For the RDS in Aarhus, 

these values are not available.  

Ventilation  The buildings at the RDS in Aarhus  and Växjö  (except RDS DK4) were equipped 

with balanced ventilation systems with energy efficient heat recovery.  

Figure 18  show s a decentral ised  ventilation device at READY Demonstration Site  

DK2 in Aarhus . 

 

Figure 18 :  Ventilation heat recovery device in Building at  RDS DK2 
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Table 3 lists  the efficiency of the heat recovery and the resulting ventilation heat 

losses of the buildings at the RDS after building refurbishment . The ventilation 

heat losses in the former building  situation were not investigated, but a good 

rough estimate is five times the current value.  

Table 3:   Ventilation efficiency values of the buildings after building refurbishment  

Code 
ventilation  
rate (h-1) 

efficiency of heat  
recovery (%) 

ventilation heat  
losses (kWh/m², yr) 

SE1 and SE1.1 0,764-0,799 81,3-86,0 unknown 

SE3 5.8 74.8-78 unknown 

DK1 0.3 85-88 2.7 

DK2 0.3 86 2.7 

DK3 0.6-1.7 (VAV) 85 6.1 

DK4 0.3 
no balanced  
ventilation 

7 

2.2.2  On-site  RE production (heat and electricity)  

At most of the READY Demonstration Sites facilities for the production of 

renewable heat and electricity were installed.  

PVT systems  Photovoltaic thermal (PVT) systems are developed to produce both electricity 

and heat . This technology combines the technology of PV panels and the 

technology of solar collectors  in one panel . 

PVT systems were installed and monitored at RDS SE1.1 in Växjö (RDP SE -PVT, 

see Figure 19 ) and at RDS DK2 in Aarhus (RDP DK -PVT, see Figure 20 ) . The 

installed PVT area and PV peak  power of both PVT systems are found in Table 4.  

Table 4:  Installed PVT area  in Aarhus  and Växjö  

RDS Code  RDP Code  District  Installed PVT  

area (m²)  

PPV  

(kW p )  

SE1.1  SE-PVT Alabastern  96 in part 1  16 in part 1  

DK2  DK-PVT Trigeparken  743  126  

Total    839  132  
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Figure 19 :  PVT system (RDP SE -PVT) installed on Alabastern  (RDS SE1.1) , left: PVT 

panels, ri ght: PV inverter   

 

Figure 20 :  PVT system  (RDP DK -PVT) installed on Trigeparken (RDS DK2 )  

 

In READY, the PVT panels were  supplied by RACELL, a company based in 

Aarhus . In contrast to conventional PVT solutions, RACELL PVT panels count with 

a number of innovation s concerning the material characteristics  (e.g. composite 

materials) , structure and dimensions of the components  (see Figure 21 ).18  

 
18  D.8.3  
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Figure 21 :  Illustration of PVT technology 19  (insulation is optional )  

At RDS DK1, PVT systems were installed on the roofs of three buildings. One 

heat pump per PVT system uses the generated heat from the collectors as a 

heat source for DHW preparation. The DHW is then stored in 800 litres storage 

tanks (one per PVT system, s ee principle diagram in Figure 22 ).  

 

Figure 22 :  Principle diagram for utilization of PVT for DHW preparation at the  RDS 

DK2 20  (direct solar preheat enabled)  

 
19  Source: http://racell.dk/products/functionality - technology/ , more general information on 

the technology: D.8.5 Replicability assessments for READY solutions  

20  D.3.1.1  

E
6

Electricity
meter

EXP

x

Heat pump

E4

TT

TT

ECL

x

E1

E5

E3Pi

x
x

E2

x

V1

V2

V3

V4

S2

S1

V5

V6

V7 B1

TT1

TT2

V8

MV1

V9

V10

U1 + EXP

RV7

RV4

Ti

Ti

Ti Ti

Ti

Ti

Ti

Ti

Ti

TiS

W

S

W

S

W

Water tank

DHW

DHC

DCW

PVT
Flow

PVT
Return

http://racell.dk/products/functionality-technology/


 

 

     

 32   D.7.3 EVALUATION OF THE OPERATIONAL MONITORING DATA OF THE DEMONSTRATION PROJECTS  

 https://cowi.sharepoint.com/sites/A064318 - project/Shared Documen ts/03 Deliverables/04 Reporting/07 WP7/D.7.3/04 Final Documents/D7.3 Evaluation of the 

operational monitoring data of the demonstration projects_v2.4 final.docx   

The heat from the PVT system at RDS SE1.1 is first stored in the ground via 

geothermal probes and then serves as heat source for DHW preparation. The 

DHW is stored in a 500 - litre storage tank (see Figure 23 ).  

 

Figure 23 :  Principle diagram for utilization of PVT for DHW preparation  in a ground 

source hybrid system  at the  RDS SE1.1 21  

PV systems  Beside s innovative PVT systems , conventional Photovoltaic (PV) systems were 

installed (without EC Support ) . The PV systems are located on top of the 

building s in Rydevænget  (RDS DK1 , see Figure 24 ) , in Trigeparken (RDS DK2 )  

and Dybedalen 1A  (RDS DK3 , see  Figure 25 )  and count with  a total installed 

area of approx.  1, 87 7 m²  resulting in an installed peak power of  approx.  

346  kW p (see  Table 5) .  

Table 5:  Installed PV area and peak power in Aarhus  

Code  District  Installed PV  

area (m²)  

PPV  

(kW p )  

DK1  Phase 1&2  

(Rydevænget ) 

844  157  

DK1  

 

Phase 

(Fjælde evænget ) 22  

822  153  

DK2  Trigeparken  82  14  

DK3  Dybedalen 1A  12 9 22  

Total   1,877  346  

 
21  Henrik Svärd VVS Konsult AB, 16.03.2020, technical drawing V500 -199  

22  Not included i n Monitoring Results  
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Figure 24 :  View of the installed PV system on the roof of a multi -apartment  building  

in Rydevænget (RDS DK1 )  

 

 

Figure 25 :  View of the installed PV system on the office building's roof in Dybedalen 

1A (RDS DK3 )  

Battery storage  At the READY Demonstration Site  DK2  (Trigeparken ) a Battery Energy Storage 

System (BESS , RDP DK-ST) was installed  by Lithium Balance A/S . It  consists of 

one central 40  kW  inverter connected to two battery racks , one with four new 

Nissan cells with a total capacity of 79  kW h and one rack with 2nd  life cells 

(GEN 1) with a total capacity of 35  kW h. (see Figure 26 ) .23  

 
23  See D.5.1.1  
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Figure 26 :   The  two Battery storage  rack s, inverter and control system of the RDP DK-

ST at RDS DK2 24  ( left: new  batteries with a capacity of 79  kW h; right: 2nd  

life batteries from EV with a capacity of 35  kW h)  

The purpose of the battery plant at Trigeparken is to optimize the utilization  of 

on -site RE production at the apartment housing. The plant management use s 

also demand side management in the control scheme.  

The 40  kW /114  kW h battery system is installed in parallel with the 135  kW  PV 

system and in parallel with the distribution installation  (see Figure 27 ) .  

The battery system can in principle also supply energy to the electricity grid 

through the POC (Point of Connection). However, the delivery to the electricity 

grid is only expected to occur when the PV production is larger than the energy 

demand and the battery syste môs remaining storage capacity . 

The monitoring  of the Battery Energy Storage System  includes the actual power 

produced by the PV system, the actual (feed - in) power fed into resp. taken from 

the grid , the buildingôs actual power consumption and the batteriesô state of 

charge.  The BESSô technical properties are listed in Table 6. 

 
24  Ibid  



 

 

     

D.7.3 EVALUATION OF THE OPERATIONAL MONITORING DATA OF THE DEMONSTRATION PROJECTS   35   

https://cowi.sharepoint.com/sites/A064318 - project/Shared Documents/03 Deliverables/04 Reporting/ 07 WP7/D.7.3/04 Final Documents/D7.3 Evaluation of the 

operational monitoring data of the demonstration projects_v2.4 final.docx  

 

Table 6:  Properties of the BESS (RDP DK-ST) at RDS DK2  

Inverter ï producer  ABB 

Inverter ï model  ESI -S type 4  

Inverter ï nominal power  3 x 60 A ~ 40  kW into the installation  

Battery pack ï producer  Lithium Balance  

Battery pack ï model nr.  
Xolta ï 1 x 79  kW h + 1 x 35  kW h DC -
rack (et rack) LiIon  

Battery pack ï energy storage capacity, 
with nominal inverter power at POC [kW/h]  

110  kW h of usable energy (11 4 kW h 
nominal  battery capacity)  

Battery pack ï runtime at  rated inverter 

power at POC  [KW / h]  
80 minutes at 40  kW  

 

 

Figure 27 :  Principle diagram of the Battery  Energy S torage  System  (RDP DK-ST) at 

RDS DK2  

The BESS is monitored , the parameters battery charg ing state , PV production, 

electricity consumption and grid contribution (import or export)  and the 24 h 

self -power rate  are displayed on a dashboard  (see Figure 28 ).  

  

 

Figure 28 :  Monitoring dashboard with parameters of the RDP DK-ST at RDS DK2  
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WW-HR  The WW-HR facilities  were  developed by ECO Clim e and were installed  in Aarhus  

(Trigeparken and Rydevænget) and Växjö  (Alabastern  District ) , see Table 7. The 

technology aims at recovering heat from wastewater  from multi - family  buildings , 

where the waste water  flow is stable . The system consists of a waste water  

storage  tank , a special heat exchanger and a heat pump that pre -heat s DHW for 

a DHW tank  (see Figure 29 ) . A Principle diagram and an image of the p refab 

plastic manhole of the WW -HR facility in Aarhus are shown in Figure 30  resp. 

Figure 31 . 

Table 7:  READY Demonstration Sites with  WW-HR and installed ca pacity  

Code  District  Capacity  

(kW th )  

SE1.1  

 

Alabastern  15  

DK1  Rydevænget  2 

DK2  Trigeparken  8 

Sum SE   15  

Sum DK   1 0  

Total   2 5  

 

 

Figure 29 :  I nnovative WW-HR facility  (RDP DK-WW2)  at  RDS SE1.1 . Heat exchanger 

module to the left, pumping unit in the middle and buffer tank  with stirring 

device to the right. All done as prefab and pre - insulated manholes. 25  

 
25  VXH-SE 
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Figure 30 :  Principle diagram of the WW-HR facility  at  RDS DK2 26  

 

 

Figure 31 :  Prefab plastic manhole with integrated heat exchanger at RDS DK2 27  

2.2.3  Further energy saving and efficiency measures  

Beside s the energy efficiency measures related to  building refurbishment  (RDS 

SE1-3, DK1 -4), and on-site RE production  (e.g. RDP DK -PVT) further READY 

Demonstration Projects (RDP) have been  established . 

EV charging stations  In Aarhus , mainly in the city centre  and industrial areas, EON has implemented 

54 Electric Vehicle (EV) charging poles with  each  two  sockets  à 11  kW  charging 

 
26  COWI  

27  Ibid  
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capacity  (RDP DK-Ch). The total charging capacity of all EC Charging Stations is 

2.3  MW. The installation cost / EC Support  was  EUR 480,307  resp.  EUR 230,87 6 

excl. VAT .  

The charging stations are installed in the public street and they are capable of 

charging  car batteries in approx.  three hours. 28  In READY, further aspects of 

mobility were  assessed , but WP7 focuses on  the  supplied electricity to the EVs 

and the utilizatio n rate of the charging poles  only . Figure 32  shows one of the 54 

EV charging poles in Aarhus.  

  

Figure 32 :  Example picture of charging pole of RDP DK-Ch in Aarhus 29  

District heating  In the Alabastern district  in Växjö , the supply / return temperatures of the district 

heating (DH) network (RDP SE-DH) were reduced to approx.  65 / 35 °C . The 

objective was to decrease the pipe heat losses by approx.  60 %  (see  Table 8).  

The monitoring focuses on the heat supply to  the district and the total heat 

consumption of all consumers. This allows to calculate the key indicator values, 

such as the total pipe heat losses  and as a percentage of the total district 

heating supply.  Figure 33  shows the network plan of the optimised  district 

heating network in Alabastern.  

 
28  See D.8.5 and D.5.5.2   

29  D.5.5.2  
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Table 8:  Basic planning parameters of the optimised  district heating network in 

Alabast ern (RDP SE-DH)  

Length  of district heating network (m)  582  

Max. district heating capacity (kW)  300  

Max. s pecific district heating  capacity (kW/km)  500  

Panned d istrict heating supply temperature  (°C)  65  

Planned d istrict heating return temperature  winter  (°C)  22  

Planned district heating return temperature summer (°C)  38  

Baseline district heating supply temperature  winter  (°C)  90 -105  

Baseline district heating supply temperature summer (°C)  65  

Baseline district heating return temperature  (°C)  50  

Annual district heating supply (GWh)  1,6  

Specific annual district heating supply (GWh/km)  2.7  

Planned pipe heat losses (%)  5 

Baseline -  pipe heat losses of conventional DH network  

(% )  

 

12  

Planned pipe heat loss reduction (%)  60  

 

 

Figure 33 : Network plan of district heating  network  in Alabastern district 30  

  

 

30  VXH-SE 
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District cooling  An innovative district cooling (DC) project  in Växjö  (RDP SE-WW1 ) ñenergy used 

three times ò, utilizes  the DC flow  twice for cooling and once for heating.  The 

process is explained below and illustrated in  Figure 34 . 

1.  Air conditioning for shopping mall Grand Samarkand  

¶ DC supply temperature: 6 to 10 °C 

¶ DC return temperature: 12 to 14 °C 

2.  Server cooling at Wexnetôs data centre   

¶ Innovative server room design, server positioning and air flow 

design allow higher DC supply temperatures: 12  to 1 4°C 

¶ Therefore, the DC return from the shopping mall can be used as 

cooling supply for the server cooling  

¶ Return temperatures: 17 -20°C  

3.  ñHeatingò of football turf  of football stadium at Myresjöhus Arena  

¶ DC return from the data centre  serves as ñheatingò supply 

releasing heat to the football turf . This extends the outdoor 

training season significantly  

¶ Football turfôs ñheatingò return temperature: 1 0-12 °C 

¶ DC water returns to the cooling plant  

4.  Cooling plant  

¶ Reduced heat  consumption for the absorption chiller  due to ñfree 

coolingò via football turf   

¶ Refrigeration plant partly powered by PV -panels  

 

 

 

Figure 34 :  Illustration  of the innovative district cooling /ñheatingò network31  (RDP SE-

WW1)  

 

 
31  D.6.4 VEAB -SE 
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1 MW heat pump  In Aarhus , a 1 MW sea water - fed  heat pump contributes to the heat supply of  

the district heating  network  (RDP DK-WW1) . At the AffaldVarme site , the new 

heat pump  (see Figure 35  and Figure 36 )  almost fully  replaces  a traditional heat 

pump and oil boiler , significantly decreas ing  th e previously required amount of 

oil .  

 

Figure 35 :  Water chiller installation of the 1  MW sea water - fed heat pump  (RDP DK-

WW1)  

 

 

Figure 36 :  Ammonia chiller installation of the 1  MW sea water - fed heat pump  (RDP DK-

WW1)  
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The 1 MW sea water - fed heat pump  is used for grid congestion management and 

power grid control , increasing the energy efficiency of the overall energy 

system :  the heat pump operation is adapted to the volatile electricity production 

from RES which helps to integrate RES and to reduce congestions in the 

electricity grid. Furthermore, t he heat -bound electricity production at CHP plants 

is reduced  as the heat can be provided by the heat pump instead .  

The heat pump can operate approx.  6,000 full - load hours per year  resulting on a 

heat production of 6 GWh. The monitoring focuses on the hourly heating 

capacity / power input and the monthly resp. annual heat production / electricity 

consumption . The key performance indicators derived from the monitoring data 

are the coefficient of performance ( COP) at certain operation modes resp. heat 

source/sink temperatures  and the monthly and annual seasonal performance 

values  (for various boundaries).  
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3 Methodo logy of energy monitoring  

3.1  Monitored energy parameters  

The "Smart Cities Information System -  Technical Monitoring Guide" 32  prepared 

by Smart Cities Information System (SCIS) 33 , is the basis of the methodology of 

energy consumption  monitoring . In the monito red parameters, all energy meters 

are included in order to document the total Final Energy  consumption 34  of the 

building or energy production at the RES facilities .  

Monitoring data were  usually collected as monthly values during a period of 

several  years . In s ome cases, (reliable) monitoring data were  available not for 

every month , e.g. due to  issues during  initial operation phases . Then, the values 

were extrapolated in order to get annual consum ption values of a fictitious 

reference year.  

Levels of details  Two levels of details on metering were performed on the demonstration 

buildings, see Table 9. 

Table 9:  List of metering points for the buildings in Aarhus  and Växjö  

Level 1 ï Building level  Level 2 ï Individual level  (in some cases)  

Space heating  kWh  Mean indoor air temperature  °C 

Domestic Hot Water (DHW)  kWh  

and m³  

Space heating for selected apartments ï kWh  

Electricity (BOPS)  kWh  Electricity for households in groups of 

app. 20 apartments ï kW h  

Electricity for ventilation in selected 

apartments  

kWh  

 kWh  

Electricity for technical rooms   kWh    

Heat Production from PVT panels  kWh    

Production from PV panels  kWh    

Heat production from heat pumps     

Electricity consumption of heat pumps     

Energy recovered from waste water  kWh    

Cold water  m³    

 

Figure 37  shows an example of monitoring data output from MinEnergi which  

provides the energy monitoring system for Dybedalen 1A  (RDS DK3) .  

 
32  http://www.smartcities - infosystem.eu/sites/default/files/document/technical -

monitoring -guide_2016.pdf   

33  Continued in another scheme since e nd of 2020  

34  total heat and common electricity consumption  

http://www.smartcities-infosystem.eu/sites/default/files/document/technical-monitoring-guide_2016.pdf
http://www.smartcities-infosystem.eu/sites/default/files/document/technical-monitoring-guide_2016.pdf
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Figure 37 :  Example of monitoring data output from MinEnergi in Dybedalen 1A  (RDS 

DK3)  

3.2  Conventions  

3.2.1  Floor area and volume definition  

In the Monitoring Data sheets, the SCIS  floor area definitions for gross area are 

used in order to enable comparison of the energy performance indicators 

betw een buildings from different EU countries. Aarhus  and Växjö  use the same 

definition of floor area as defined by SCIS . 

Area/ volume definition  Gross Floor Area and Volume are calculated according to the SCIS  conventions. 

According to these conventions, the o utside borders of the building and building 

envelope define the gross floor area and volume. All floor areas in all levels 

including secondary rooms and external walls are considered and the building 

volume including all these areas and external walls are considered. The area of 

balconies, patios and parking spaces is excluded  (see Figure 38 ) . 

  

Figure 38 :  Gross Floor Area and Volume conventions example  
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3.3  Normalisation of energy consumption  

3.3.1  Normalisation to weather conditions  

 Normalisation of the heat ing  consumption corresponding to that of an average 

climate year is necessary when one want s to compare the  heating  consumption 

of a building in  different  years . This report compares the energy consumption in 

a monitored period with the energy consumption sta ted in the BEST (Building 

Energy Specification Table) and must therefore be normalised. Normalisation of 

data follows a standard normalisation technique. The heating data are 

normalised using the official Danish resp. Swedish degree -days, as they are 

compa rative to the number of annual degree -days in a reference year that the 

BEST states (see Appendix B ï BEST) .  

The Danish degree -days are measured and managed by the Danish 

Technological Institute (DTI) at a monitoring station at Landbohøjskolen in 

Copenhag en. 35  

The Swedish degree -days are measured and managed by the Swedish 

Meteorological and Hydrological Institute  at a monitoring station in Växjö . 

According to DTI, who is the Danish contact point on degree -day information:  

"One degree -day is an expression of the difference of 1 ęC 

between the presumed indoor average temperature of 17 ęC 

and the outdoor average temperature in one day and 

night." 36   

The temperature of 17 ęC is used as it is assumed  that  the internal heat load 

contributes with the last 3 ęC up to the reference temperature of 20 ęC, which is 

the design indoor design temperature in Aarhus . Moreover, the prerequisite of 

20°C indoor temperature was used to define the energy consu mption targets in 

the BESTs in the DOW as it is the temperature used in the Danish Energy 

Labelling System and in the documentation of energy frames according to the 

Danish Building Regulations, valid for the actual buildings.  

Example (indoor temperature 2 0°C):  

+2 ĚC outdoor temperature gives 17 -2°C x 1 day=15 degree -days per day  

-5ĚC outdoor temperature gives 17 - ( -5)  °C  x 1 day = 22 degree -days per day  

If the indoor air temperature is higher than 20°C, for instance 22°C, then a 

normalisation back to reference temperature is necessary as explained in section 

3.3.2 .  

 
35  See https://www.teknologisk.dk/ydelser/graddage/pressemeddelelse/492  

36  See http://www.teknologisk.dk/graddage/hvad -er -graddage/492,3   

Definition of degree -

days  

https://www.teknologisk.dk/ydelser/graddage/pressemeddelelse/492
http://www.teknologisk.dk/graddage/hvad-er-graddage/492,3
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The official Danish Design Reference Year (DRY) was performed by Danish 

Technological University and is based upon 20 ęC indoor temperature. It consists 

of an average of data collected in the period 1941 -1980 and contains many 

par ameters such as outdoor temperature, relative humidity, wind speed and 

direction, hours of sunshine etc. The DRY has 2,906 degree -days. Because of 

climate changes, the average of degree -days in the period 2001 -2016 has only 

been 2,529 degree -days, see Figure 39 . After a period of voluntariness, in 

Aarhus  since 2015 it is mandated by the Danish Building Regulations to use 

updated climate data starting in 2001. This means that the old DRY is not used 

anymore.  

In READY, average degree days were calculated of the degree days values of the 

period 2001 -2019 for both Aarhus and Växjö. The monitoring data was 

normalised according to these values in order to prod uce as realistic values as 

possible.  

 

Figure 39 :  Degree -days measured by Danish Technological Institute in the period 

2001 -2016. The lines are the Danish Reference Year (1940 - 1982) in red 

and the new reference based on average of years  between 2001 and 2016 

(exemplary) in yellow.  
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Example -  weather  The  normalisation of heat energy consumption in relation to the outdoor climate  

conditions  is carried out as shown in the example below. Only one year is presented in the 

fact sheets and only this year is normalised.  

Space heating consumption, 201 9 : 100  kW h /m² (metered value)  

Degree -days normal year (20°C):   2 ,528 (2001 -2019 )*  

Actual degree - days in 2019 (20°C):  2 ,237 *  

Normalisation, space heating:   

100  kW h/m² / 2237 * 2528 = 113  kW h/m²   

* (from DTI's monitoring station in Copenhagen)  

3.3.2  Normalisation to indoor reference temperature: 
Definition of indoor temperatures  

The normalisation of heat consumption in relation to the outdoor climate 

presumes an indoor air temperature of 20°C (see section 3.3.1 ). Experience 

shows  that  inhabitants often have more than 20 ęC in actual room temperature, 

especially when they live in a low energy house.  It was assumed that at the 

monitored READY Demon stration Sites  the actual indoor temperature (during 

the heating period) in multi - family buildings has been 22°C  (RDS in Växjö  and 

RDS in  Aarhus ) and 23°C in office buildings  (RDS in Växjö  and Aarhus ).   

The consequence of keeping such a high indoor temperature is a higher energy 

consumption than calculated. For every degree, a resident keeps the average 

indoor temperature above 20 ęC in the heating season, the number of total 

degree days will rise equally, approximately by 5 % per  degree. The energy 

consumption is therefore approx.  15% higher when keeping 23°C instead of 

20°C. To compare the actual heating consumption with the BEST Target heating 

consumption, the additional heating consumption caused by a higher indoor 

tempera ture must be normalised. The method for this is to add one degree -day 

per day for every degree the indoor temperature is higher than 20°C. See 

example:  

Example (indoor temperature of 22 ęC):  

+2 ęC outdoor temperature gives 17+2 -2°C x 1 day= 17 degree -days p er day.  

-5ęC outdoor temperature gives 17+2 -( -5)°C x 1 day = 24 degree -days per 

day.  

As the example shows, the number of degree -days increases with increased 

temperature. Table 10  shows a list of the Danish Reference Year compared with 

degree -days from 201 9 at indoor temperatures from 20 -24ęC. Specifically, 1 

degree -day per day in the month was added when adjusting the year from 20°C 

to 21°C, 2 degree -days per day in the month at 22°C, etc.  

Calculating degree -  

days  
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Table 10 :  The old Danish Reference Year 1941 -1980 (DRY), the new normal year 

2001 -201 9 and the annual degree -days from Danish Technological 

Institute including additional degree -days at higher indoor temperatures.  

  

Normalisation to weather  
conditions 

Normalisation to reference indoor 
temperature  

(extra degree-days/month) 

DRY  
1941-1980 

Normal year 
2001-2019 

2019  
όнлɕ/ύ 

2019  
όнмɕ/ύ 

2019  
όннɕ/ύ 

2019  
όноɕ/ύ 

2019  
όнпɕ/ύ 

January 525 477 460 31 62 93 124 

February 480 437 338 28 56 84 112 

March 460 408 342 31 62 93 124 

April 302 229 160 30 60 90 120 

May 79 31 109 31 62 93 124 

June 1 0 0 0 0 0 0 

July 0 0 0 0 0 0 0 

August 0 0 0 0 0 0 0 

September 36 15 20 30 60 90 120 

October 219 189 137 31 62 93 124 

November 349 315 303 30 60 90 120 

December 455 427 368 31 62 93 124 

Total 2906 2528 2237 273 546 819 1092 

 

Example ï indoor  The normalisation of heat energy consumption in relation to the indoor reference  

reference temperature  temperature is carried out as the following example shows:  

Space heating consumption, 201 9 : 100  kW h /m² (metered value)  

Degree -days normal year (20°C):  2 ,52 8  (2001 - 201 9)*  

Additional actual degree -days in 201 9  ( 23 °C):   819 (see Table 10 )*  

Normalisation, space heating:     

100  kW h/m² / (2 ,537 + 819 ) * 252 8 = 75  kW h/m²   

* (from DTI's monitoring station in Copenhagen)  
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3.4  Example  of normalising heating consumption  

To clarify the method for normalising the heating consumption , a complete 

example will follow from a building block. The monitored data consists of values 

from direct meter readings  and values that derives from me ter readings (more 

information on derived data later). The building is supplied with district heating 

and has four heat meters  and one electricity meter :  

ü Total delivered heat  (kWh)  

ü DHW (kWh)  

ü DHW circulation losses  (kWh)  

ü Space heating  (kWh)  

ü Total building e lectricity  for common lightning, centralized ventilation, etc. 

(kWh)  

Presentation of data  The data are presented in the appendix with fact sheets like the example in 

Figure 40  shows ï more data are  available in the monitoring spreadsheets. The 

red boxes and black text highlights directly read monitored data from meters 

and the other data are either normalisations, summarisations or subtractions .  

 

 

Figure 40 :  Monitoring spread sheet with monitoring data from a multi - family build ing . 

Red boxes highlight  the directly read monitoring data. Other data are 

normalisations, summarisations or subtractions.  
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Derivation of data  Figure 41  illustrates the total energy consumption  at RDS DK2  in 2019 and how 

it is obtained from the different energy categories. The total heating 

consumption, wh ich is read from the district heating meter, includes both space 

heating, heating of DHW and heat losses from distribution pipes. As only the 

space -heating share is subject to normalisation to weather and reference 

temperature, this must be identified, see  procedure after the figure . 

 

Figure 41 :  Breakdown of total energy consumption (electricity and heat) into 

categories: Space heating, DHW and  electricity  (RDS DK2 , year 2019)  

The derivation of data follows this principle:  

1 Total heating ï heating for DHW = Space heating incl. pipe heat losses  

2 Space heating incl. pipe heat losses ï pipe heat losses = Space heating  

Space heating  The monitored data consist of values from direct meter readings  and values that 

derives from meter readings . I.e. if:  

A + B = C and  

C is a direct meter reading of total heating  

B is a direct meter of DHW  (kWh or m³)  

then  

A  is space heating  and derives  from monitored data.  

The data derivation and analysis included normalisation of the heating 

consumption. Only the heating energy consump tion needs to be normalised as it 

can be assumed that the DHW consumption and Pipe heat losses  are 

approximately equal for every month ï summer as winter.  

 
Total 

electricity  

 

Normalised 

share  

 

 
Total 

heat  



 

 

     

D.7.3 EVALUATION OF THE OPERATIONAL MONITORING DATA OF THE DEMONSTRATION PROJECTS   51   

https://cowi.sharepoint.com/sites/A064318 - project/Shared Documents/03 Deliverables/04 Reporting/ 07 WP7/D.7.3/04 Final Documents/D7.3 Evaluation of the 

operational monitoring data of the demonstration projects_v2.4 final.docx  

 

DHW The DHW consumption is metered directly and ha s not undergone any 

adjustments.  

Pipe heat losses  The pipe heat losses are the remaining heat consumption that can't be ascribed 

to either space heating or DHW consumption. Therefore, the Pipe heat losses  

can be identified from the three summer months where there is no space 

heating demand. The heat loss es from pipes are almost constant during the year 

as hot water circulates constantly. In wintertime, the heat loss from pipes may 

contribute to heating of the building, depending on the location of pipes and is 

not a complete loss, but in summertime, the h eat cannot be utilised,  and losses 

can be significant.  

When Pipe heat losses  are identified, the final conversion and normalisation of 

data can be conducted. In general, the conversion, derivation and normalisation 

of data follows this example of method, month by month:  

Processing of monitored data per month (For instance DK 2 in  January  20 19 )  

Total district heating ï heating of hot water:  

257 ,957  kW h  ï 14 ,343  kW h = 243,614  kW h 

DHW : 14,343  kW h 

Pipe heat losses  (average of Jun -Aug):  28,362  kW h 

Actual space heating:  

Actual space heating = Total heating ï DHW  ï Pipe heat losses   

( 257, 95 ï 14,343 -  28,362 )  kW h  = 215,252  kW h 

Norm alised space heating:  

Normalised space heating = Actual space heating / (degree -days in 

January 2020 + additional degree -days for indoor temperature  of 23°C ) 

x degree -days in January in normal year  

215,252  kW h / ( 460  + 93 ) x 47 7  = 185,669 kWh  

 

  

Detailed derivation 

of monthly data  
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3.5  Guide to monitoring fact sheets in appendix  

The appendix of this report consists of a 1 -2 page s monitoring fact sheet for 

each of the building s and one sheet per RES facility . The fact sheets present in a 

visual easy way al l the relevant information of the demonstration such as 

general data, building characteristics and key energy figures. To each building 

fact sheet belongs an overview table of the monitored data and the procession 

hereof. Figure 42  shows an example monitoring fact sheet with indicators of the 

information categories , as listed below.  

No.  Content  

1  General data  

(Address, area, year of construction, investment costs etc.)  

2  Short description of the performed measures  

(Insulation thickness, glazing type etc.)  

3  U-values defined in BEST, target figures and actual obtained U -values  

4  Information on the energy system  

5  Reference energy consumption according to BEST  

6  Target energy consumption according to BEST and calculated design values.  

7  Actual monitored values per  m²  gross heated area in the specific period and the 

same values normalised for 20 19 resp. 2020   
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Figure 42 :  Guide to understanding the monitoring fact sheets for one selected RDS 

(DK1) . S ee explanation of numbering in list above.   

Ringgården afdeling 21 (BEST-DK-1)
General Data Rydevænget 105-131, Aarhus

Refurbished Building District 21 - Rydevænget

Year built 1970-1973

Year refurbished 1990

Address Rydevænget 105-131 

Building function Social housing

Building type Apartments

Number of Apartments 163

Number of Occupants Approximately 400

Gross Floor Area (m²) 14.151

Gross Volume (m³) 39.623

Net Heated/Cooled Area (m²) 11.321

Net Heated/Cooled Volume (m³) 28.302

Basement Type Parterre

Attic Type Roof apart., piched w. PV

Total Investment cost [Euro] 9.86 mio. (VAT excl.)

External walls Concrete sandwich + ext. W/m²K 0,70 0,30 0,15 0,17 0,12-0,32

Roof Wooden structure + sheet W/m²K 0,50 0,20 0,10 0,12 0,09-0,12

Ground floor - W/m²K 0,75 0,20 0,30 0,30 0,60

Windows (frame & glass) Aluminum/wood frame W/m²K n.a. n.a. n.a. 0,90 0,90

Average U-value of glazings - W/m²K 2,90 1,40 0,80 - 0,53-0,59

Average g-value of glazings -  - n.a. none 0,50 - n.a.

Ventilation Flow Rate 126 m³/h per apartment h-1 0,70 0,50 0,3-0,6 0,30 0,30

Thermal Bridges

Air tightness & n50 air change rate

Ventilation system type

Energy saving measures

Water saving measures

Special building materials

Type of Shading

Energy Systems Other information
District Heating connection yes

Photovoltaic - grid connected yes

Solar thermal - flat plate no

Heat pump demo for waste water yes

Boiler no

Key Energy figures kWh/year/m² gross area 2021

Total Energy Demand 194 74 53,5 76,4 64,1

Total heat 155 55 49,1 76,4 60,8

Space heating 121 36 32,0 56,1 43,5

Domestic hot water 34 19 17,1 20 17,3

Pipe heat losses (DHW) Included Included Included Included Included

Total electricity (Building operation) 39 19 4,4 n.a. 3,3

Ventilation 14 7 3 n.a. 1,9

Lighting + Heating system 12 4 2 n.a. 1,4

Laundry 13 8 - 3 2

Household electricity 50 30 20 - 14,4

Full year data not available 

Existing 

building 

(reference)

Project 

Target 

(BEST) Design 2019 2020

Building Features Before

Normal 

practice 

Project Target 

(BEST) Design

Actual 

(2019/20)

150 mm extra insulation layer in the external columns

-

Decentral units with supply in l ivingrooms and exhaust in kitchen and bathroom

Waste water heat pump, heat recovery, insulation, roof renovation/apartments

Taps

Partial external solar shading (balconies)

Roof apartments

PICTURE

PICTUREPICTURE

1  

2  

3  

4  

5  

6  

7  
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3.6  Other calculation prerequisites  

3.6.1  PV systems and photovoltaic part of PVT systems  

PV efficiency is calculated on a monthly  basis as metered PV output at the AC 

side of inverter per  m²  PV(T)  array, divided by global solar radiation per  m²  on 

horizontal level:  

ὖὠ ίώίὸὩά ὩὪὪὭὧὭὩὲὧώ 
ὖὠ ὩὰὩὧὸὶὭὧὭὸώ ὴὶέὨόὧὩὨȟὯὡὬ

Ὃὰέὦὥὰ ὶὥὨὭὥὸὭέὲ ὼ Ὂ ȟὯὡὬ
 

where: F area  is a factor of efficient PV area (approximately 0.9)  

It is an overall system efficiency  for the actual installation so therefore no 

correction is made for shade, orientation or t ilt (tilt is with a few exceptions very 

low i.e. 10 -20 deg.)  

Normalisation to a standard year is made on a monthly  basis by multiplying the 

heat produced with a normalization factor  

   ὔέὶάὥὰὭίὥὸὭέὲ Ὢὥὧὸέὶ  
  

  
  

3.6.2  PVT systems  ï thermal part  

The thermal output of PVT systems is monitored as heat to storage per  m²  

collector area vs global solar radiation  per  m²  horizontal:  

ὝὬὩὶάὥὰ ίώίὸὩά ὩὪὪὭὧὭὩὲὧώ 
Ὓέὰὥὶ ὬὩὥὸ ὴὶέὨόὧὩὨȟὯὡὬ

Ὃὰέὦὥὰ ὶὥὨὭὥὸὭέὲ ὼ Ὂ ȟὯὡὬ
 

where: F area  is a factor of efficient panel area (approximately 0.9)  

It is an overall system effici ency  for the actual installation so therefore no 

correction is made for shade, orientation or tilt. Power for circulation pump is 

minor and therefore not monitored separately.  

Normalisation to a standard year is made on a monthly  basis by multiplying the 

heat produced with a normalization factor  

   ὔέὶάὥὰὭίὥὸὭέὲ Ὢὥὧὸέὶ  
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4 Energy performance targets from 
Building  Energy Specification Table  

 In the Building Energy Performance Table (BEST) from the DOW all 

prerequisites, requirements and performance targets concerning building 

refurbishment  and on -site RE production  at the READY Demonstration Sites 

(RDS) and regardi ng the renewable energy supply to the RDS were defined . The 

content and structure of the BEST are exemplarily shown for RDS DK2 in 

Trigeparken below. The complete BEST of the RDS in Växjö  and Aarhus  are 

included in Annex B.  

Local climate  In the first BEST section, t he prerequisites of the local climate are  presented 

(see  Table 11 ) . 

Table 11 :  Local climate conditions  in Aarhus  as stated in t he BEST  (RDS DK2)  

 

Building Quality  In the second BEST section, the regulatory requirements, the actual values prior 

to building refurbishment  and the suggested specification concerning the 

building envelopeôs properties (e.g. U-values )  are presented (see  Table 12 ) . 

Table 12 :  Properties of building envelope  for  RDS DK2 prior to refurbishment , 

regulatory requirements and suggested specification for the building 

refurbishment  

 

Energy consumption  The BEST also includes the target values for the energy consumption of the 

buildings (see Table 13 ) . The energy consumption is stated for the categori es 

space heating, cooling, ventilation, lighting, hot water and electricity 

consumption for building operation (BOPS) . The table includes the energy 

performance prior to building refurbishment , the regulatory requirements 

according to  national regulations and the suggested specification.  

The total energy performance target excl. appliances of the buildings is 

78  kW h/m²  excluding electricity for households.  
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Table 13 :  Buil ding energy performance of  RDS DK2 before  (Existing building)  and 

after (suggested specification = BEST Target) building refurbishment  as 

well as regulatory requirement  and relative energy savings; given for each 

energy consumption category  

 

RE production/ supp ly The buildingsô energy consumption is covered by the supply from district heating  

and the electricity grid as well as by on-site  produced energy from RES such as 

PV(T)  and WW-HR systems . The contribution from the renewable share in 

district heating  and electricity supply is stated as well ( see Table 14 ) . 

Table 14 :  Absolute an d relative c ontribution from RE at the  RDS DK2 in kWh/m²yr  

resp. %  (suggested specification = BEST Target)  
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5 Monitoring Results  

The monitoring objective was to prove that the BEST Target Values  concerning 

the Final Energy  consumption (see Appendix B) were reached.  In this chapter , 

the monitoring results are presented and compared to the BEST Target Values , 

where applicable. Moni toring results from other READY Demonstration Sites  

without READY Reference/Target values  are pr esented without comparing to a 

baseline . 

5.1  Monitoring period  

For new buildings as well as for refurbished buildings it takes approx.  one or two  

years  for the energy consumption to stabilise. There are several reasons for this,  

and one is that the building (i f it  is a residential building) typically is not 100% 

occupied from the beginning and therefore the first periods energy consumption 

can be misleading. Another reason is that the new installations require a period 

of running in and optimisation of controls and op eration. The energy 

consumption will also include energy for drying out of the building, which is very 

energy demanding in a concrete building.  In order to have the most accurate 

monitoring data, representative data should be available for at least one yea r.  

Therefore, data from the last complete calendar  year  of READY  project duration 

( i.e. 2019 )  was analysed , whenever possible . The building refurbishment  of the 

buildings at the  READY Demonstration Sites  in Växjö  was finished at the latest in 

2018 . Theref ore, steady state monitoring dat a were  broadly available. T he 

building refurbishment  of the buildings at some READY Demonstration Sites  in 

Aarhus were finished in  2019 -202 0. This applies to  some  RES facili ties  in both, 

Växjö  and Aarhus  too .  

Missing, implausible or non -representative measurement data of affected 

month s were replaced by reliable data from months with similar 

consumption/production conditions, eventually considering further input values 

(e.g. DRY heating degree days  or global ra diation data ).  

5.2  Final Energy  consumption of buildings  

Växjö  At the READY Demonstration Sites  in Växjö , the monitored normalised  Final 

Energy  consumption  (heat consumption from heat and electricity consumption 

(BOPS) )  in 2019 resp. 2020 was between 52 .4 kW h/m²yr  (RDS SE1.1 )  and 

76 .7  kWh/m²yr  (RDS SE1) . All values are floor area -weighted average values.   

Figure 43  compares the  measured  normalised Final Energy  consumption  of all 

RDS in Växjö with the BEST Reference (see column ñexisting buildingò in BEST) 

and the BEST Target (see column ñsuggested specificationò in BEST). All values 

are floor area -weighted average  values.  
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Figure 43 :  BEST Reference, BEST Target Values and Monitoring Results (2019 resp. 

2020)  of heat consumption for space heating and DHW (*resp. combined) 

and electricity consumption (BOPS)  at the RDS in Växjö (floor area -

weighted ave rage)  

Compared to the baseline, the BEST Reference , these monitoring results 

correspond to a reduction in Final Energy  consumption between 52 %  (RDS SE1) 

and  67 %  (RDS SE1.1). The floor area -weighted average  reduction in Final 

Energy  of all buildings at the READY Demonstration Sites  in Växjö  was 5 4% .  

Figure 44  shows that  the average reduction in Final Energy  consumption at the 

RDS in Växjö exceed s the BEST Target. All values are floor area -weighted 

average values.  

*  
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Figure 44 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  of the 

reduction in heat and electricity consumption (BOPS)  at  the RDS in Växjö 

(floor area -weighted average)  

Aarhus  At the RDS in Aarhus , the monitored normalised Final Energy  consumption in 

2019 resp. 2020 was between 50. 6 kW h/m²yr  (RDS DK2) and 76 .7  kW h/m²yr  

(RDS DK4 ) .  

Figure 45  compares the measured normalised Final Energy consumption of all 

RDS in Aarhus with the BEST Reference and the BEST Target. All values are floor 

area -weighted average values.  

Compared to the baseline, the BEST Reference, these monitoring results 

correspond  to a reduction in Final Energy consumption between  60% (RDS DK4) 

and  72% (RDS DK2). The floor area -weighted average reduction in Final Energy 

of all buildings at the RDS in Aarhus was 69%.  
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Figure 45 :  BEST Reference, BEST Targ et Values and Monitoring Results (2019 resp. 

2020)  of heat consumption for space heating and DHW and electricity 

consumption (BOPS)  at  the RDS in Aarhus (floor area - weighted average)  

Figure 46  shows that the average reduction in Final Energy consumption at the 

RDS in Aarhus exceeds the BEST Target (see column ñsuggested specificationò in 

BEST). All values are floor area -weighted average values.  

 

Figure 46 :   BEST Target Values and Monitoring Results (2019 resp. 2020)  of the 

reduction in  heat and electricity consumption (BOPS)  at  the RDS in Aarhus 

(floor area -weighted average)  
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READY total  In 2019 resp. 2020, t he monitored normalised Final Energy consumption  of the 

buildings at all RDS was 64.1  kW h/m²yr  (floor area -weighted average).  

Figure 47  compares the measured normalised Final Energy consumption of all 

RDS with the BEST Reference and the BEST Target. All values are floor area -

weighted average values.  

 

Figure 47 :  BEST Reference, BEST Target Values and Monitoring Results (2019 resp. 

2020)  of heat consumption for space heating and DHW as well as  for  BOPS 

at all RDS (floor area -weighted average)  

Compared to the baseline, the BEST Reference, these monitoring results 

correspond to a reduction in Final Energy consumption of 63% . 

Figure 46  shows that the average reduction in Final Energy consumption at the 

RDS exceeds the BEST Target (see column ñsuggested specificationò in BEST). 

All values are floor area -weighted average values.  
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Figure 48 :  BEST Target Values a nd Monitoring Results (2019 resp. 2020)  of the 

reduction in heat and electricity consumption (BOPS)  in READY (floor area -

weighted average)  

Table 15  shows the heat consu mption from district heating, the electricity 

consumption (BOPS)  and the resulting Final Energy  consumption as well as the 

reduction in heat, electricity (BOPS)  and  the resulting total  Final Energy  

consumption of all  buildings in READY . The electricity consumption (BOPS)  at 

RDS SE1.1 is higher than at the other RDS as the electricity consumption of heat 

pumps in PVT and WW -HR systems has been included in this category.  

Table 15 :  Normalised (reduction in) Final Energy , heat and electricity consumption 

(BOPS)  in READY  
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 kWh/m²yr kWh/m²yr kWh/m²yr kWh/m²yr kWh/m²yr kWh/m²yr % 

SE1 76.7 68.2 8.5  83.3   80.8   2.5  52 

SE1.1  52.4   37.1  15.3  107.6   111.9  -4.3  67 

SE3  52.9   47.8   5.2   71.1   45.2   25.8  57 

DK1  64.2   60.9  3.3  129.8   94.1   35.7  67 

DK2  50.6   47.4  3.2  130.4   107.6   22.8  72 

DK3  57.8   43.1  14.7  81.2   52.9   28.3  58 

DK4 76.7 51.9 3.2  117.3   103.1   35.8  60 

Sum SE  71.9   63.0   8.9   84.5   80.4   4.1  54 

Sum DK  58.7   55.0   3.6   128.6   98.2   30.5  69 

Total  64.1   58.3   5.7   110.7   91.0   19.8  63 
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5.3  RE production at READY Demonstration Sites  

Växjö  At the READY Demonstration Sites  in Växjö , the monitored normalised on-site 

RE production 37  in 2019 resp. 2020 was  2. 8 kW h/m²yr  regarding heat and 

0.4  kWh/m²yr  regarding electricity . The total on -site RE production in Växjö  was  

3. 2 kWh/m²yr . All values are floor area -weighted average values.  

Figure 49  shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the floor area -weighted average  heat (ST yield) and electricity (PV 

yield) production from roof - top Photovoltaic (PV) a nd Photovoltaic Thermal (PVT) 

systems as well as from WW-HR facilities (WW -HR yield) at the RDS in Växjö.  

The actual on -site RE production does not meet the target according to the 

BEST. This is due to changes in the planning of facilities for on -site RE 

production during the project duration.  

 

Figure 49 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  of on -site 

RE production (heat and electricity)  at the RDS in Växjö  (floor area -

weighted average)  

 

  

 
37  Due to delays in construction and commissioning as well as difficulties in the first 

month s of operation at some RES facilities, missing, implausible or non - representative 

measurement values were replaced by values calculated from reliable measurement val ues 

from other month s and further  input values (e.g. global radiation) .  
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Aarhus  At the READY Demonstration Sites  in Aarhus , the monitored normalised on-site 

RE production  in 2019 resp. 2020 was 2.3  kW h/m²yr  regarding heat and 

5.5  kWh/m²yr  regarding electricity . The total on -site RE production  in Aarhus  

was 7.8  kWh/m²yr . All values are  floor area -weighted average values.  

Figure 50  shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the floor area -weighted average  heat (ST yield) and electricity (PV 

yield) production from roof - top Photovoltaic (PV) a nd Photovoltaic Thermal (PVT) 

systems as well as from WW-HR facilities (WW -HR yield) at the RDS in Aarhus . 

Due to deviations from the original plans for the installation of RES facilities, t he 

on-site RE production of heat and electricity  does not meet the  target . B ut this is 

more than overcompensated by a 1  MW heat pump  (see 5.4 ) in Aarhus harbour  

which had not been planned  originally . The heat pumpôs contribution is indicated 

as it does not belong to this category and as  its corresponding bar height does 

not fit into the graphôs y axis scale (indicated with the grey arrow) . This applies 

to all graphs where the contribution of the 1 MW heat pump is indicated.  The HP 

electricity consumption is not included  in the graph . 

 

Figure 50 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  of on -site 

RE production (heat and electricity)  at the RDS in Aarhus  (floor area -

weighted average) . The contribution from the 1 MW heat pump is 

indicated . 

READY total  In 2019 resp. 2020, t he normalised on-site RE production (heat and electricity), 

as monitored in READY,  was 2.5  kW h/m²yr resp. 3.4  kW h/m²yr. The total on -

site RE production in READY was 5.9  kW h/m²yr.  

Figure 51  shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the floor area -weighted average  heat (ST yield) and electricity (PV 

yield) production from all roof - top Photovoltaic (P V) and Photovoltaic Thermal 
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(PVT) systems as well as from all WW-HR facilities (WW -HR yield) in READY. The  

above mentioned 1 MW heat pump , whose contribution is also indicated  in this 

graph, can compensate  not only the shortcomings  regarding the RE product ion 

at the RDS in Aarhus, but also in a project wide view . In Figure 51 , t he heat 

pumpôs bar height does not fit into the graphôs y axis scale neither . The on -site 

heat, electricity and resulting total RE production at each READY Demonstration 

Site is listed in Table 16 . 

 

Figure 51 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  of on -site 

RE production (heat and electricity)  in READY  (floor area -weighted 

average) . The contribution from the 1  MW heat pump is indicated.  

Table 16 :  Monitored on -site RE production (heat and electricity)  at the RDS in 

absolute numbers . Cells with c alculated n umbers due to missing 

monitoring data are highlighted  in grey  

Code PV(T) WW-HR Total RE production 

 

Electricity yield Heat yield Heat yield Heat Electricity 

kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr 

SE1 
    

  

SE1.1 14,329 36,644 55,964 92,608 14,329 

SE3 
     

DK1 144,449  7,462 7,462 144,449 

DK2 95,693 75,221 29,847 105,068 95,693 

DK3 27,366    27,366 

DK4 
     

Sum SE 14,329 36,644 55,964 92,608 14,329 

Sum DK 267,509 75,221 37,309 112,530 267,509 

Total 281,838 111,865 93,273 205,138 281,838 
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5.4  Heat production and electricity consumption 

by 1 MW sea water - fed heat pump  

The 1 MW sea water - fed  heat pump at Aarhus harbour (RDP DK -WW1)  has been 

monitored since January 2020 . The heat pumpôs performance of the first 11 

month of operation is shown in Figure 52 . The graph show s a normal operation  

on ly in Ma y. During the first month s of operation , technical issues that are 

normal  in initial operation phases of large heat pump systems lead to limited 

operati ng  conditions.  

As the heat pump is still in experimental operation mode , standard operation 

conditions could not be investigated for longer periods of time . Nevertheless , 

under sta ndard operating conditions, the heat pump is exp ected to provide an 

annual heat generation of approx.  6 GWh (assuming 6.000 full load hours per 

year ) . As no better d ata are  available, this reference value serves as 

representative ñmonitoring resultò for the analys es in WP7.  

 

Figure 52 :  Heat production and electricity consumption of the 1  MW sea water - fed  

heat pump in Aarhus harbour  (RDP DK -WW1)  from January to November  

2020.  

Figure 53  shows the inlet and outlet temperatures  of the 1  MW sea water - fed 

heat pump . This graph show s consistency with the energy production values in 

Figure 52  as the outlet temperature falls below the inlet temperature only during 

the few , mainly short operation periods . 
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Figure 53 :  Seawater inlet and outlet temperatures of the 1  MW sea water - fed  heat 

pump in Aarhus harbour  (RDP DK -WW1) , from January to November 2020  

Table 17  shows the heat pumpôs heat and electricity production  as well as the 

resulting  COPs. The table only contains the values of the months January to April  

as later me asurement s were not reliable . The  COP varies from 2.1  in January to 

3.6  in April. As expected, the  COP is affected by the water temperature , where a 

higher temperature ensures a better performance  of the heat pump. As it is 

shown in  Figure 52  and Figure 53 , the heat pump had many starts and stops 

during this initial period of operation, which negatively affect the  COP. The  COP 

is expected to be higher when the system operates continuously.  The monitoring 

is be ing  continued until standard operating conditions  are achieved and  the heat 

pumpôs expected efficiency  can  be confirmed.  

Table 17 :  Monitored performance of the seawater heat pump  and calculated  COP 

(January to A pril 2020)  

Month 
Heat Production 

(kWh) 
Electricity consumption (only HP) 

(kWh) 
COP 

January 2020 16,140 7,695 2.1 

February 2020 24,610 11,334 2.2 

March 2020 10,450 4,328 2.4 

April 2020 61,900 16,996 3.6 

 

Table 18  presents a further evaluation of the heat pump's performance  

consider ing  the  primary energy  (PE)  factors for electricity and district heating, 

which were respectively 2.1 and 1.0 , following  the inputs from the Directive 

(EU) 2019/2002. It is therefore possible to evaluate the primary energy input 

and output for the seawater heat pump and the related  COP facto r for the 
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monitored months. In relation to the primary energy balance, the use of a heat 

pump can lead to a reduction in  primary energy  consumption,  when the  COP is 

higher than 2.1.  

Table 18 :  Performance of the seawater heat pump  considering the primary energy  

factors  (January to April 2020)  

Month Heat Production (kWh) 
PE consumption of HP 

(kWh) 
COPPE' 

January 2020 16,140 16,160 1.0 

February 2020 24,610 23,801 1.0 

March 2020 10,450 9,089 1.1 

April 2020 61,900 35,692 1.7 

 

5.5  Renewable h eat and electricity supply to  the 

READY Demonstration Sites  

The READY Demonstration Sites are supplied by renewable heat and electricity 

from on-site RES facilities as well as from  the local district heating and electricity 

networks.  The share of renewable heat and electricity supply  via the local district 

heating networks and the electricity grids was determined regarding the  

networksô corresponding  energy mix . In Aarhus  resp. Växjö  the renewable share 

in district heating is 80%  resp. 95 % . The renewable share in electricity 

production is 66% 38  resp. 90 % 39 .   

Växjö   Figure 54  show s the BEST Target Va lues and Monitoring Results (2019 resp. 

2020)  of  the energy supply to  the RDS in Växjö  as floor area -weighted  average 

values . To show the complete picture, the non -renewable  energy supply is also 

included in the graphs. Consequently, the total height s of the bars correspond to 

the buildingsô Final Energy consumption  of heat and electricity  (see Figure 43 ).  

The  supplyôs highly renewable energy mix  leads to a very small non - renewable  

share of 3  kWh/m²yr . This value is even slightly better than the BEST Target 

Value, a lthough the actual energy production at RES facilities does not meet the 

target.  The buildings ô heat  and electricity consumption (BOPS)  is significantly 

below the BEST Target Values , which compensates the reduced RE production . 

 

 
38  See https://en.wikipedia.org/wiki/Electricity_sector_in_Denmark  (as of 2017)  

39  See https://www.energimyndigheten.se/nyhetsarkiv/2020/2019 - rekordar - for -svensk -

elproduktion/  (as of 2019)  

https://en.wikipedia.org/wiki/Electricity_sector_in_Denmark
https://www.energimyndigheten.se/nyhetsarkiv/2020/2019-rekordar-for-svensk-elproduktion/
https://www.energimyndigheten.se/nyhetsarkiv/2020/2019-rekordar-for-svensk-elproduktion/


 

 

     

D.7.3 EVALUATION OF THE OPERATIONAL MONITORING DATA OF THE DEMONSTRATION PROJECTS   69   

https://cowi.sharepoint.com/sites/A064318 - project/Shared Documents/03 Deliverables/04 Reporting/ 07 WP7/D.7.3/04 Final Documents/D7.3 Evaluation of the 

operational monitoring data of the demonstration projects_v2.4 final.docx  

 

 

Figure 54 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  of the total 

renewable and non - renewable  energy supply to the buildings and the on -

site RE production  in Växjö  (floor area - weighted average) . 

Aarhus  Figure 55  shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the energy supply to the buildings and the on -site RE production in 

Aarhus  as floor area -weighted  average values .  

Due to the  contribution of the  1 MW heat pump in Aarhus harbour , there  is no 

non -renewable  share in the heat supply  at all , but just the op posite:  the heat 

pump  could supply  the heat for the RDS in Aarhus  several times .  

As its corresponding bar height does not fit into the graphôs y axis scale, the 

heat pumpôs contribution is indicated. The HP electricity consumption is not 

included in the graph.   

Over the course of  one year , t he electricity con sumption (BOPS)  at  the RDS in 

Aarhus  is complete ly  covered by  the on -site PV yield , so that there is neither 

renewable , nor non - renewable  electricity supply  in the  Monitoring Results bar .  
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Figure 55 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  of the t otal 

renewable and non - renewable  energy supply to  the buildings  and  the  on -

site RE production  in Aarhus  (floor area -weighted average) . The surplus 

heat production  of the 1 MW sea water - fed heat pump  is indicated.  

READY total  Figure 56  shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the energy supply to all  READY Demo nstration Sites  as floor area -

weighted  average values .  

Due to the contribution of the 1  MW heat pump in Aarhus harbour, there is no 

non -renewable  share in the heat supply at all, but just the opposite: the heat 

pump could supply the heat for all  READY Dem onstration Sites twice.  

As its corresponding bar height does not fit into the graphôs y axis scale, the 

heat pumpôs contribution is indicated. The HP electricity consumption is not 

included in the graph.  
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Figure 56 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  of the total 

renewable and non - renewable  energy supply to  the buildings  and on -site 

RE production  in READY (floor area -weighted average) . The surplus heat 

production of the 1  MW sea water - fed heat pump is indicated.  

5.6  Primary Energy savings  at READY 

Demonstration Sites   

The evaluation of the Primary Energy (PE) savings due to refurbishment and on-

site  RE production  was perform ed considering PE factors for electricity (2.1) and 

district heating  (1.0) , following the inputs from the Directive (EU) 2019/2002.  

Växjö   The Final Energy  savings due to refurbishment at the RDS in Växjö  lead to PE 

savings of 80.4  kW h/m²yr  regarding heat and  8.6  kWh/m²yr  regarding 

electricity.  Figure 57  shows the BEST Target Values and Monitoring Results 

(2019 resp. 2020)  of the floor area -weighted average  PE savings regarding heat 

and electricity consumption (BOPS)  at the RDS in Växjö.  
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Figure 57 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to refurbishment in Växjö  (floor area -weighted average)  

The Final Energy savings due to on -site  RE production  lead to PE savings of 

2. 8 kWh/m²yr regarding heat and 0.9  kW h/m²yr regarding electricity.  Figure 58  

shows the BEST Target Values and Monitoring Results (2019 resp. 2020)  of the 

floor area -weighted average  PE savings due to on -site  RE production  (heat and 

electricity)  in Växjö.  

 

Figure 58 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to on -site RE production in Växjö  (floor area -weighted 

average)  
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Aarhus  The Final Energy savings due to refurbishment at the READY Demonstration 

Sites in Aarhus  lead to PE savings of 98.2  kW h/m²yr regarding heat and 

63 .8  kWh/m²yr regarding electricity. Figure 57  shows the BEST Target Values 

and Monitoring Results (2019 resp. 2020)  of the floor area -weighted average  PE 

savings regarding  heat and electricity consumption (BOPS)  at the RDS in 

Aarhus .  

 

Figure 59 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to refurbishment in Arhus  (floor area -weighted average)  

The Final Energy savings due to on -site  RE production  lead to PE savings of 

2.3  kWh/m²yr regarding heat and 11.5  kWh/m²yr regarding electricity.  

Figure 58  shows the BEST Target Values and Monitoring Result s (2019 resp. 

2020)  of the floor area -weighted average  PE savings due to  on -site  RE 

production  at the RDS in Aarhus .  

As a consequence of the deviations between planned and actually installed RES 

capacities  (see 5.3 ), the BEST Target  regarding saved PE due to on -site RE 

production is not met  either  but this shortcoming is also compensated by the 

contribution of the 1  MW heat pump  (indicated in the graph , HP electricity 

consumption not shown ).  
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Figure 60 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to on -site  RE production in Aarhus  (floor area -weighted 

average) . The contribution from the 1  MW sea water - fed heat pump is 

indicated.  

READY total  In READY, t he Final Energy savings due to building refurbishment lead to PE 

savings of 91.0  kW h/m²yr regarding heat and 41.4  kW h/m²yr regarding 

electri city. Figure 57  shows the BEST Target Values and Monitoring Results 

(2019 resp. 2020)  of the floor area -weighted average  PE savings regarding heat 

and e lectricity (BOPS) in READY.  

 

Figure 61 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to refurbishment in READY (floor area -weighted average)  
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The Final Energy savings due to on -site  RE production  lead to PE savings of 

2. 5 kWh/m²yr regarding heat and 7.2  kW h/m²yr regarding electricity.  

Figure 58  shows the BEST Target Values and Monitoring Results (2019 resp. 

2020)  of the floor area -weighted average  PE savings due to  on -site RE 

production in READY . 

The graph shows that the 1  MW heat pump, whose contribution is also indicated 

in this graph  (electricity consumption not included) , can compensate  not only 

the shortcomings regarding the on -site RE production in Aarhus, but also in a 

project wide view. In  Figure 58, the heat pumpôs bar height does not fit into the 

graphôs y axis scale neither. 

 

Figure 62 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding PE 

savings due to  on -site  RE production  in READY (floor area - weighted 

average) . The contribution from the 1  MW sea water - fed heat pump is 

indicated.  

5.7  Performance of Battery Energy Storage 

System  

The performance of the Battery Energy Storage System (BESS , RDP DK -ST) in 

Trigeparken ( RDP DK2)  was examined for the two  representative operati ng 

conditions  

1.  High PV yield  (PVH)  

2.  Low PV yield  (PVL)  

The performance of the BESS at PVH operating conditions is shown in  Figure 63 . 

The graph shows the PV production  (yellow line) , the battery state of charge 

(green line) between 0% (corresponds to the y axis label ñ-90  kWò) and 100%  

(ñ90 kWò), the buildingsô electricity consumption (blue line) and the power at the 
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billing point of the building (black line) from  the evening of  June 23 rd  to  the 

evening of  June 25 th .  

The PV production starts on June 2 4 th  after sun rise. When the PV production 

exce eds the building ôs consumed power at (1) , the BESS starts to capture the 

surplus electricity production from the PV system . Then, grid supply is zero  or 

negativ e. The latter happens, when PV production exceeds the total of the 

buildingôs power consumption and the BESSô max. charging power.  On a sunny 

day  like this , the battery gets full y charged  after a few hours of PV production  at 

(2) . In the evening, the PV prod uction falls below the buildingôs power 

consumption, hence, the BESS starts to supply power to the building  in order to 

substitute the gap between production and consumption (3) . Over the night, the 

BESS is discharged  completely ( state of charge = 0% ) (4 ) but  is being charged 

again with the excess PV production of the next day (June 25 th ) .   

 

Figure 63 :  BESS performance at PVH operation condition  (RDP DK-ST) 40  

The performance of the BESS during the night and morning after a day with low 

PV generation ( PVL)  is shown in  Figure 64 . Analogously to Figure 63 , t he graph 

shows the PV production, the battery state of charge, the buildingsô electricity 

consumption and the power at the billing point of the building.  

As t he BESS must  start to supply power to the building early in the day due to 

low PV production , the BESS is discharged completely already before midnight 

(1) . Then,  the buildingsô electricity consumption must be fully covered by the 

grid, until the PV production starts a gain at the morning of the next day . 

Although the PV production (of the next day) is low, it exceeds the buildingôs 

consumed power at some point and the surplus electricity production is captured 

as described above (PVH) . 

 
40  See D.5.5.1  
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Figure 64 :  BESS performance at PVL operating condition (RDP DK-ST)  

Figure 65  shows the electricity supply to the buildings at RDS DK2 from January 

to D ecember 2020 41 . In winter, December and January in particular, the supply 

is almost completely provided by the grid, but in summer, almost the whole 

consumption can be covered with the PV yield. From May to September, approx. 

20% more PV yield can be used due to the BESS, which is charged when PV 

production exceeds the consumption and discharged, when the PV production 

provides less power, than the buildingsô electricity demand. 

 

Figure 65 :  Electricity supply to  RDS DK2 directly from PV yield (ñPVPowerò, green), 

from the Battery (ñBatteryDischargeò, blue ) and from the grid 

(ñGridImportò, orange) from January to December 2020 

  

 
41  Reliable monitoring data was available for the period Ju ly to December. The data from 

January to June were obtained by mirroring the available data.  

1 
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5.8  Reduction in p ipe h eat losses  in optimised  

district heating network  

The pipe heat losses of the Low - temperature district heating network in 

Alabastern  (RDP SE-DH) were determined by centrally measuring the total heat 

supplied to the district and by comparing this value to the sum of all heat 

meter ing values from the meters in the buildings. Compared to empirical pipe 

heat loss values in similar districts, t he reduction in  pipe heat losses is approx.  

106  MWh per year , i.e. a reduction of 60 %  compared to  pipe heat losses in 

conventional district heating networks  (baseline: 12 % of DH supply) . This 

reduction corresponds exactly to the planning value.  The saved PE is equal to 

the saved heat . The Monitoring Results  in 2020  and calculated heat reduction 

value s are shown in Table 19.  

Table 19 :  District heating  supply  and end usersô heat consumption  in Alabastern  

(Växjö ) , derived pipe heat losses  and saved heat in 2020  (* baseline)  

Month  Supply  Consumption  Heat  loss  Saved  heat  

 kWh  kWh  kWh  %  % *  kWh  

Jan 191,730  184,105  7,625  4.0  12  15,383  

Feb 186,430  179,429  7,001  3.8  12  15,371  

Mar  191,380  184,025  7,355  3.8  12  15,611  

Apr  127,680  121,524  6,156  4.8  12  9,166  

May  102,970  97,474  5,496  5.3  12  6,860  

Jun 54,470  52,161  2,309  4.2  12  4,227  

Jul 54,380  49,525  4,855  8.9  12  1,671  

Aug  55,620  50,765  4,855  8.7  12  1,819  

Sep 63,310  58,503  4,807  7.6  12  2,790  

Oct  107,410  102,014  5,396  5.0  12  7,493  

Nov  139,560  133,794  5,766  4.1  12  10,981  

Dec 42  190,864  182,978  7,886  4.1  12  15,018  

Year  1,465,804  1,396,297  69,507  4.7  12  106,390  

5.9  Energy savings  in the innovative district 

cooling  project ñenergy used three timesò 

The innovative district cooling project ñenergy used three timesò in Växjö  (RDP 

SE-WW1) achieved a reduction in cooling energy consumption by increasing the 

energy effi ciency of a data centreôs cooling system by 1  GWh per year . 

Additionally, by heating a football turf  with waste heat  from the district cooling 

network , 600  MWh of cooling energy  and the same amount of heat from district 

heating can be saved per year  (2019, see Figure 66 ).  

 
42  No monitoring values available, supply value from 2019, relative losses from November 

2020. Other values derived from those.  
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Figure 66 :   Heat for the heati ng  of the football turf , supplied by conventional district 

heating  (orange) and the district cooling network (blue)  in 2019  

Saved cooling energy  As the cooling energy is provided by an absorption chiller (COP of 0.65), 

powered by heat from the district heating network, the total saved heat due to 

the reduction in cooling energy consumption was 2.5  GWh. Including the free 

cooling waste heat used for the football turf the total heat savings in 2019 were 

approx. 3.1  GWh. As the two cooling energy c onsumers (shopping centre and 

data centre) could be supplied by the same flow, energy consumption for 

pumping could be reduced as well (not part of monitoring). The monitored 

cooling energy and heat consumption values as well as the derived energy 

savings (both for 2019) are listed in Table 20 . 

Table 20 :  Monitored district cooling resp.  heating supply to the data centre and the 

football turf  as we ll as derived energy savings  in 2019  

Cooling energy consumption -  data centre  (MWh/yr)  1,292  

Saved cooling energy at data centre ( MWh/yr)  1,03 4 

Heat consumption ï football turf ( MWh/yr)  81 1 

Waste heat consumption ï football turf ( MWh/yr)  597  

Total s aved cooling energy ( MWh/yr)  1,63 1 

COP of absorption chiller  ( - )  0.65  

Saved heat for absorption chiller  (MWh/yr)  2,509  

Total saved DH heat ( MW h/yr)  3 ,106  
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5.10  Monitoring of EV c harging stations   

At the charging stations  for elect r ical vehicles  (EV)  in Aarhus  (DK-Ch) , the 

annual ly supplied electricity and the usage of each charging  sock were  

monitored. The annual electricity volume  of all charging stations  increased by 

approx.  100 %  every year,  as shown in Table 21 . The utilization rate  of the 

charging stations , which has been on average 3 % , is presented in Figure 67 . 

The utilization rate  is the total time of usage per day divided by 24 hours.   

Table 21 :  Total annua lly supplied  electricity of EV charging stations  between 201 5 

and 20 19  

Year  Consumption 

(kWh)  

2015  17,289  

2016  39,183  

2017  78,440  

2018  107,824  

2019  186,858  

 

 

Figure 67 :  Utilization rate of all charging station s of DK-Ch (average utilization rate of 

all charging stations, and per charging station, sorted from the maximum 

to the minimum value )  
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6 Environmental impact  

6.1  COϜ emission factors  

 In order to determine the  CO2 emission 43  savings due to READY energy 

saving /production  measures , CO2 emission facto rs for heat and electricity are 

required. These values depend on the energy mix of the respective energy form . 

Different approaches to determine  CO2 emission factors  exist, but in READY only 

the following 2 approaches were applied:  

Approach 1 ñPlanning valuesò 

The  CO2 emission factors are derived from the e nergy mix of marginal 

heat/electricity production in the city/ region  where the measure is applied . 

Marginal heat/electricity production refers to energy production supply peaks . 

The  used  CO2 emission factors were official planning values from 2012 used as 

basis for the READY project (DOW) and hence, used to calculate the expected  

CO2 emission savings . 

Approach 2 ñAverage  valuesò 

The  CO2 emission factors are derived from the a verage energy  mix of 

heat/electricity production  in the specific country  of the respective READY 

Demonstration Site . 

The  CO2 emission factors for heat from the district heating network and 

electricity from the grid of both approaches  are presented in Table 22 . 

Table 22 :  CO2 emission factors for heat from the district heating network and 

electricity from the grid used in READY  

 Aarhus  Växjö  

Approach 1 ñPlanning valuesò (main approach in WP7) 

COϜ emission factor of marginal 

heat production according to DOW  
108 g  COϜ/kWh  74 g  COϜ/kWh  

   

COϜ emission factor of  marginal  

electricity production according to 

DOW  

770 g  COϜ/kWh  400 g  COϜ/kWh  

Approach 2 ñAverage  values  (2019) ò 

COϜ emission factor of heat 

production according to actual 

energy mix in Sweden resp. 

Denmark  

33 g  COϜ/kWh  0 g  COϜ/kWh  

COϜ emission factor of electricity 

production according to actual 

energy mix in Sweden resp. 

Denmark  

130 g  COϜ/kWh  125 g  COϜ/kWh  

 
43  The term ñCO2 emission sò includes all climate relevant emissions which are considered 

as CO2 equivalent emissions. In WP7, no further emissions than  CO2 emissions were 

analysed .  
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For the assessment of the expected ecological impact of the energy saving and 

RE production measures  in READY,  approach 1 was used  for first assessments in 

the projectôs initial phase. In order to assess the target fulfilment , the same 

approach was applied  to calculate the respective  CO2 emission  savings according 

to the Monitoring Results.  

Alternatively , approach 2 was applied  to o, but as  the heat and electricity 

production in Aarhus and Växjö is becoming more and more carbon - free, these 

values are close to zero and hence, for the analysis of READYôs environmental 

impact not very meaningful. Therefore, the results of these calculations are  not 

presented in this report.  

6.2  COϜ emission savings  

The extensive energy savings due to building refurbishment and on -site RE 

production  achieved at the READY Demonstration Sites  lead to significant  COИ 

emissio n savings , which were derived from the Monitor ing Results regarding 

Final Energy savings  due to building refurbishment  (see 5.2 ) , regarding on -site 

RE production, the potential heat production of the 1 MW sea -wat er fed heat 

pump, the saved heat losses due to the optimisation of the district heating 

network and the heat savings achieved in the RDP ñenergy used three timesò. 

The monitoring data is from 2019 resp. 2020 .  

Building refurbishment  The  COИ emission savings due to the building refurbishment  in 2019 resp. 2020 

were  approx.  255  tons (RDS in Växjö )  resp . 1, 668  tons  (RDS in  Aarhus ) or 

1, 923  tons  (total) per year.  Figure 68  shows the environmental impact of the 

building refurbishment at all READY Demonstrations Sites as floor area -weighted 

average values.  

 

Figure 68 :  BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding 

the  COИ emission savings regarding building refurbishment in READY  (floor 

area -weighted average) . 
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RE production  The annual  CO2 emission savings due to on -site RE production  at READY 

Demonstration Sites in Växjö  were approx.  6.9  tons  regarding heat and 5.7 

tons regarding electricity.  

The annual  CO2 emission savings due to on -site RE production  at RDS in Aarhus  

were approx.  12  tons regarding heat and 206  tons regarding electricity.  

For the whole READY project , t his sums up to total annual  CO2 emission savings 

of approx.  19 tons regarding heat and 212  tons regarding renewable electricity  

production  resp. 231 tons in total . 

Additionally, the 1  MW sea water - fed heat pump  in Aarhus harbour (Denmark) 

saves  CO2 emi ssions of approx.  648 tons per year .  

Figure 69  shows the environmental impact of on -site RE production in REA DY. 

The 1 MW heat pumpôs impact is indicated.  The  CO2 emission savings in the 

improved district heating network in Växjö and the other measures, not 

mentioned in this paragraph, are not included.  

 

Figure 69 :   BEST Target Values and Monitoring Results (2019 resp. 2020)  regarding 

the  COИ emission savings due to on-site RE production  in READY  (floor 

area -weighted average) . The contribution from the 1  MW sea water - fed 

heat pump is indicated.  
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Further measures  The improvement of the district heating network in Alabastern d istrict (RDP SE-

DH) saves approx.  106 MWh heat which results  in  CO2 emission savings of 

7.9  tons every year.  

The saved heat of approx.  3.1  GWh by of the innovative district cooling project 

ñenergy used three timesò in Växjö (RDP SE-WW1) lead to  CO2 emission savings 

of approx. 230 tons per year  (see 5.9 ). 

READY total  Summarising all calculation results regarding  CO2 emission savings, READY 

counts with an environ mental impact of 2,320 tons  of avoided  CO2 emissions 

every year. Assuming a n average lifespan  of buildings and RE production 

facilities  of 30 years , READYôs total environmental impact would account to 

almost 70 thousand tons of  avoided  CO2 emissions.  

These results are close to the results of the rough calculations performed during 

the projectôs initial phase. From the energy saving/RE production measures in 

READY, 3 ,689 tons  of yearly saved CO 2 emissions were expected. Within the 

assumed 30 years lifespan, this would account to 110 thousand tons  of 

avoided CO 2 emissions. These numbers are higher than the actual values, but it 

should  be considered, tha t these values were calculated in a very early stage of 

the project.  

The 30 years GHG emission saving target derived from the BEST Target Values 

regarding Final Energy savings/production (not all  READY measures included) is 

57 thousand tons, the corresponding actual savings are  62 thousand tons . 

Compared to the BEST Target , the READY project was successful in this regard 

as well . 
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7 Economic analysis  

Energy savings and hence  CO2 emission savings not o nly help to tackle the 

climate change but also lead to significant cost savings  which are the bas is for 

economic analyses  regarding the cost effectiveness of energy saving measures.  

One common financial indicator used to evaluate the cost effectiveness of 

energy saving  measures  is the simple payback time  (see 7.3 ), another 

important indicator is the cost of reducing greenhouse gas emissions . 

7.1  Investment costs  and O&M costs regarding 

building refurbishment  

 To determine the share of the investment costs for building refurbishment  that 

was necessary to achieve the energy  savings presented above , certain empirical 

factors had to be used . These allocation factors for the determination of the 

energy - related  investment cost s are presented in Table 23 . 

Table 23 :  Allocation factors for the calculation of the energy - related investment 

costs, lifespan  of the building components and RES f acilities  and relative 

O&M costs  in READY  

Component  Allocation factor  Lifespan  rel. O&M cost s  

 %  years  %  

Windows  25  30  -  

Building envelope  20  40  -  

Ventilation  90  30  1 

 

The basis for the determination of the energy - related investment costs are the 

actual investment costs for w indows, the building envelope and the ventilation 

system.  

Considering the componentôs lifespan , fictitious  annual reinvestment costs were 

calculated.  The tota l and the planned resp. actual energy - related  investment 

costs as well as reinvestment costs and Operating and Maintenance  (O&M) costs 

are listed for the READY Demonstration Sites  in  Table 24 . 

Baseline  In READY, t he expected energy - related  share of investment costs for building 

refurbishment  was 10 0 EUR/m² . Based on that value, t he EC Support for 

building refurbishment was defined to 50 %  of the corresponding energy - related 

share of investment costs with an upper limit of 50  EUR/m².  

Actual situation  In Växjö, t he actual energy - related share of investment costs for building 

refurbishment turned out to be 244  EUR/m² while in Aarhus, the actu al value 

was  equal  to  the expected value of around 100  EUR/m² .  

Consequently, the floor area -weighted average  of all READY Demonstration Sites  

is 166  EUR/m²  which is in  absolute number s 13 MEUR. As READY could count on 
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4 MEUR EC support for building refurbishment, 9 MEUR had to be covered by the 

READY project partners.  

The total cost of refurbishment is significantly higher, e.g. approx.  1500 EUR/m² 

for Demonstration Sites in Aarhus, as this figure includes cost for new 

bathroo ms, new kitchens, balconies, surfaces, gardening etc. These non -energy 

relevant cost shares are not part of READY and hence, not investigated in WP7.  

Table 24 :   Energy - related  investment costs , annual reinvestment  as well as annual 

O&M costs  for building refurbishment  in READY ( floor area -weighted 

average  values e xcl. VAT )  
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ú/mĮ ú/mĮ ú/mĮ ú/mĮ ú/mĮyr ú/mĮyr ú/mĮyr 

SE1  100  50  244  194  6.9  0.8  7.7  

SE1.1  100  50  246  196  7.0  0.8  7.8  

SE3  100  50  243  193  7.6  1.8  9.4  

DK1  100  50  97  48  3.0  0.4  3.5  

DK2  100  50  97  48  3.0  0.4  3.5  

DK3  100  50  148  98  4.8  0.9  5.7  

DK4  100  50  135  85  4.3  0.9  5.2  

Sum SE  100  50  244  194  7.0  0.9  7.9  

Sum DK  100  50  100  50  3.1  0.5  3.6  

Total  100  50  166  116  4.9  0.7  5. 3  
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7.2  Investment costs  and O&M costs  regarding 

on -site RE  production  

The actual investment costs of facilities for the on -site RE production were 

170  kEUR (RDS in Växjö) resp. 871 kEUR  (RDS in Aarhus) or 1.04  MEUR (READY 

total) . The EC Support for PVT systems and WW-HR is 50 %  of the investment 

costs, the PV systems were not supported (see Table 25 ).  

Table 25 :  Investment costs of RES facilities  in READY (Excl. VAT )  
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SE1.1   170,316   158,000   328,316   164,158  

DK1   299,353   15,000   314,353   7,500  

DK2   524,747   103,000   627,747   313,874  

DK3   46,570  

 

 46,570   -     

Sum SE   170,316   158,000   328,316   164,158  

Sum DK   870,670   118,000   988,670   321,374  

Total   1,040,986   276,000   1,316,986   485,532  

 

To determine the fictitious  annual re investment  and O&M  costs for RES facilities , 

empirical lifespan s and relative O&M costs for movable parts (per centage of 

investment costs) from Table 26  were used.  

Table 26 :  Lifespan  and relative O&M costs  of the RES facilities in READY  

Component  Lifespan  rel. O&M cost s 

 years  %  

PV(T) systems (non -movable parts)  30  -  

Movable parts, e.g. heat pumps for  PVT 20  1 

 

The fictitious annual reinvestment costs and estimated annual O&M costs are 

presented in  Table 27 .  
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Table 27 :  Annual reinvest and O&M costs  of on -site RE production in READY (Excl. 

VAT)  
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SE1.1   5,677   7,900   3,283  

DK1   9,978   750   3,144  

DK2   17,492   5,150   6,277  

DK3   1,552   -      466  

Sum SE   5,677   7,900   3,283  

Sum DK   29,022   5,900   9,887  

Total   34,700   13,800   13,170  

 

The energy prices for electricity and district heating in Aarhus and Växjö are 

listed in Table 28  resp. Table 29 . 

Table 28 :  Energy prices for electricity  in Aarhus  and Växjö  
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 DKK/kWh resp. 

SEK/kWh  
-  

DKK/kWh resp. 

SEK/kWh  
EUR/kWh  

Aarhus (DKK)  1.8854  25%  1.50832  0.202  

Växjö (SEK)  1.7760  25%  1.4208  0.134  

Table 29 :  Energy prices for district heating  (variable part)  in Aarhus and Växjö  

C
it
y
 

(c
u

rr
e
n

c
y
)

 

E
n

e
rg

y
 p

ri
c
e
 

in
c
l. 

V
A

T
 

V
A

T
 

E
n

e
rg

y
 p

ri
c
e
 

e
xc

l.
 V

A
T

 

E
n

e
rg

y
 p

ri
c
e
 

e
xc

l.
 V

A
T

 

 DKK/kWh resp. 

SEK/kWh  
-  

DKK/kWh resp. 

SEK/kWh  
EUR/kWh  

Aarhus (DKK)  0.52  25%  0.42  0.056  

Växjö (SEK)  0.63 44  25%  0.50  0.048  

 
44  As in Växjö, the pure heat price is very low, the heat cost impact of capacity reduction 

was include d as well.  
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7.3  Simple payback time  

As the name indicates, the simple payback time is a simple calculation of the  

 number of  years prior to investment has been paid back only due to the annual 

energy savings. This calculation method does not include the inflation, interests, 

technical lifetime of the installed measures or changes in the energy prices. On 

the other hand , it is a term that is easy to understand. However, there is a risk 

that a simple payback time of more than 10 -15  years easily can sound 

unattractive even though the technical lifetime of the measure is 20  years or 

more.  

The simple payback time is calculat ed as:  

ὖὥώὦὥὧὯ ὴὩὶὭέὨ 
ὍὲὺὩίὸάὩὲὸ ὧέίὸί 

ὃὲὲόὥὰ ίὥὺὭὲὫί Ὥὲ ὩὲὩὶὫώ ὧέίὸί ɀ ὕǪὓ ὧέίὸί
 

Simpl e payback time  Table 30  shows the simple payback times for the energy - related investment  

costs of the building refurbishment and the investment costs of the installation 

of  RES facilities in READY . The values are giv en for a calculation  variant 

considering EC Support  and for a calculation variant without considering the EC 

Support  for the energy saving/RE production  measure.  

Annual operati ng  and maintenance (O&M)  costs  related to energy savings are in 

general assumed  to be 1%  of the  energy - related  investment costs  of the 

corresponding facility , when there are movable parts involved (e.g. ventilation, 

heat pumps). For systems without or with very few movable parts, O&M costs 

were neglected.  

Table 30 :  Simple payback time incl./excl. EC Support  concerning building 

refurbis hment  and RE production in READY (excl. O&M costs)  

Code  Building refurbishment   RE production  

 
excl. EC 
Support  

incl. EC 
Support  

excl. EC 
Support  

incl. EC 
Support  

 
years   years  years  years  

SE1 72  57  N/A  N/A  

SE1.1  62  50  78  39  

SE3 63  50  N/A  N/A  

DK1  8 4 12  12  

DK2  10  5 33  17  

DK3  19  13  9 9 

DK4  11  7 N/A  N/A  

Sum SE  70  56  78  39  

Sum DK  9  5  20  13  

READY  34  25   24  15  
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In order to perform these calculations, several assumptions had to be made and 

not all desired input values were available. For the sake of simplicity, the 

electricity consumption of heat pumps  (basically from solar PV with a low 

marginally value)  in PVT and WW -HR systems were not included in the payback 

times regarding RE production (but included in the buildingsô electricity 

consumption (BOPS) ). Hence, the calculated simple payback times should be 

viewed regarding their order of magnitude only.  

7.4  Simple c ost of reducing gre enhous e gas 

emissions  

As the name indicates, the simple cost of reducing greenhouse  gas emissions 45  

(CO2 emission saving cost )  is a simple calculation of the cost  of saving  one kg 

resp. ton  CO2. This characteristic value considers investment costs, periodically  

incurred  reinvestment costs, O&M costs , energy cost savings  due to reduced 

energy consumption and on -site RE production  as well as the achieved saving of  

CO2 emission .  

This simplified calculation method does not include the inflation, interests or 

changes in the energy prices, but the technical lifetime is consid ered in the 

fictitious annual (re)investment costs (see below).  

For the calculation of (simple) GHG saving costs , it is irrelevant, whether the 

costs and savings refer to a period of one year , ten years  or 50 years. In this 

report,  costs and savings from one year were used.  Investment costs and 

reinvestment costs are  therefore  allocated on a n annual basis using the term 

ñreinvestment costsò. In this report, t he GHG reduction cost was calculated as:  

 

ὅὕς ὩάὭίίὭέὲ ίὥὺὭὲὫ ὧέίὸ
ὥὲȢὶὩὭὲὺὩίὸȢǪὕǪὓ ὧέίὸίὥὲȢὩȢὧέίὸ ίὥὺὭὲὫί

ὥὲȢὅὕς ὩάὭίίὭέὲ ίὥὺὭὲὫί
 

Positive calculation results  (> 0 , no sign ) mean  that  the total cost of reducing 

greenhouse  gas emissions are higher than the achieved energy cost savings , 

while n egative calculation results (< 0, ñ-ò sign )  mean  that  the total costs to 

achieve  CO2 emission savings are lower than the cost savings due to energy 

savings.  Hence, negative GHG saving cost values are  preferable.  

Analogously to the calculation of the simple payback time, several assumptions 

were necessary and the electricity consumption of heat pumps in PVT and WW -

HR systems were also not included in this approach. Therefore, the calculated 

values of t he simple cost for reducing GHG emissions should also be viewed 

regarding their order of magnitude only.  

Baseline  At the READY  project start , the expected cost  of reducing greenhouse  gas 

emissions due to  building refurbishment and RE production was roughly  

 
45  In this report, the terms " CO2 emission saving costsñ, GHG saving costs and "costs of 

reducing greenhouse gas emissionsñ is used interchangeable. 
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calculated. According to this calculation, in Växjö, the  CO2 emission saving costs 

were expected to be -283  EUR/ton  compared to -55  EUR/ton  in Aarhus . 

Actual situation  According to the monitoring data, in Växjö ,  the  costs for  saved  CO2 emission s 

due to  building refurbishment is 490  EUR/ton  and 4 84  EUR/ton due to RE 

production at the READY Demonstration Sites . Considering EC support  in this 

calculation, the  CO2 emission saving costs fall to 329  EUR/ton (building 

refurbishment) resp. 49 EUR/ton ( on -site  RE production) . CO2 emission savings 

due to further  energy saving measures (e.g. RDS SE-DH) are excluded.  

These positive values mean  that  the total costs to achieve  CO2 emission savings 

are higher  than the cost savings due to energy savings. Reasons for this are the 

relatively high energy - related investment costs for building refurbishment 

(244  EUR/m² compared to 100 EUR/m² in Aarhus), the low variable prices for 

heat from district heating and high  investment costs of some RES facilities , e.g. 

WW-HR facilities . In future, the economic feasibility may be improved due to 

better operation settings gained with experience.  

In Aarhus , the  CO2 emission  saving  costs are negative values ( -163  EUR/ton  

regarding building refurbishment  and  -117 EUR/ton regarding on-site RE 

production ) , considering EC support they are even lower . 

These negative values mean that the energy cost  saving s and earnings from RE 

production  are higher than the sum of all relevant  expenses  and confirms 

economic feasibility. The 1  MW sea water - fed heat pump  and further energy 

saving measures are not taken into consideration  but would not lead to worse 

results . 

These results from Aarhus are even so good that they can compensate  the 

higher CO 2 emission saving costs  in Växjö, hence the area -weighted average 

costs of GHG emission saving in READY confirm the cost efficiency of the whole 

project.  In READY, the overall CO 2 emission saving costs reg arding building 

refurbishment is -77 EUR/ton and -84 EUR/ton regarding the on -site RE 

production.  The simple cost of reducing GHG emissions are listed in  Table 31 . 
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Table 31 :   Costs for  CO2 emission savings  in READY  

Code  Building refurbishment   RE production  

 
excl. EC 
Support  

incl. EC 
Support  

excl. EC 
Support  

incl. EC 
Support  

 
ú/ton  ú/ton  ú/ton  ú/ton  

SE1 488  308  N/A  N/A  

SE1.1  517  327  484  49  

SE3 485  394  N/A  N/A  

DK1  -163  -195  -169  -171  

DK2  -168  -210  -30  -153  

DK3  -100  -145  -189  -189  

DK4  -100  -132  N/A  N/A  

Sum SE  490  325  484  49  

Sum DK  - 163  - 199  - 117  - 166  

READY  - 77  - 129  - 84  - 154  

 

Conclusion  The economic analysis could prove the cost effectiveness of READY, nevertheless 

the data shows that in future projects some optimisations could be done , 

learning from experiences made in READY .  

Further investigations on the relatively high energy - related investment costs for 

building refurbishment in Växjö  and further Research & Development (R&D) 

concerning the technologies Photovoltaic Thermal (PVT) systems and Waste 

Water Heat Recovery (WW -HR) systems in future are highly recommended.  

Nevertheless, it should be mentioned that the investment in energy saving 

measures as performed in READY is not only beneficial to energy savings, but 

also have an impact on several further aspects, e.g. the tenant sô health and 

comfort, the lifespan  of building components, etc. Therefore, and because of the 

gathered knowledge about the applied technologies, the demonstration activities 

in READY are a success.  
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Ringgården afdeling 21 (BEST-DK-1)
General Data Rydevænget 105-131, Aarhus

Refurbished Building District 21 - Rydevænget

Year built 1970-1973

Year refurbished 1990

Address Rydevænget 105-131 

Building function Social housing

Building type Apartments

Number of Apartments 163

Number of Occupants Approximately 400

Gross Floor Area (m²) 14.151

Gross Volume (m³) 39.623

Net Heated/Cooled Area (m²) 11.321

Net Heated/Cooled Volume (m³) 28.302

Basement Type Parterre

Attic Type Roof apart., piched w. PV

Total Investment cost [Euro] 9.86 mio. (VAT excl.)

External walls Concrete sandwich + ext. W/m²K 0,70 0,30 0,15 0,17 0,12-0,32

Roof Wooden structure + sheet W/m²K 0,50 0,20 0,10 0,12 0,09-0,12

Ground floor - W/m²K 0,75 0,20 0,30 0,30 0,60

Windows (frame & glass) Aluminum/wood frame W/m²K n.a. n.a. n.a. 0,90 0,90

Average U-value of glazings - W/m²K 2,90 1,40 0,80 - 0,53-0,59

Average g-value of glazings -  - n.a. none 0,50 - n.a.

Ventilation Flow Rate 126 m³/h per apartment h-1 0,70 0,50 0,3-0,6 0,30 0,30

Thermal Bridges

Air tightness & n50 air change rate

Ventilation system type

Energy saving measures

Water saving measures

Special building materials

Type of Shading

Energy Systems Other information
District Heating connection yes

Photovoltaic - grid connected yes

Solar thermal - flat plate no

Heat pump demo for waste water yes

Boiler no

Key Energy figures kWh/year/m² gross area 2021

Total Energy Demand 194 74 53,5 76,4 64,2

Total heat 155 55 49,1 76,4 60,9

Space heating 121 36 32,0 56,1 43,5

Domestic hot water 34 19 17,1 20 17,3

Pipe heat losses (DHW) Included Included Included Included Included

Total electricity (Building operation) 39 19 4,4 n.a. 3,3

Ventilation 14 7 3 n.a. 1,9

Lighting + Heating system 12 4 2 n.a. 1,4

Laundry 13 8 - 3 2

Household electricity 50 30 20 - 14,4

Full year data not available 

Existing 

building 

(reference)

Project 

Target 

(BEST) Design 2019 2020

Building Features Before

Normal 

practice 

Project Target 

(BEST) Design

Actual 

(2019/20)

150 mm extra insulation layer in the external columns

-

Decentral units with supply in l ivingrooms and exhaust in kitchen and bathroom

Waste water heat pump, heat recovery, insulation, roof renovation/apartments

Taps

Partial external solar shading (balconies)

Roof apartments

PICTURE

PICTUREPICTURE
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General Data

Area [m²]

Slope [Ě]

Orientation

kWh/m² kWh/m² kWh kWh kWh kWh
jan-20 19 13 10,996 0 230
feb-20 36 29 23,919 0 290

mar-20 83 89 73,764 0 1,670
apr-20 122 142 117,835 0 20,503 2,550
maj-20 148 180 148,614 0 24,843 170
jun-20 170 182 150,695 0 22,640 10
jul-20 161 145 120,201 6,095 12,355 12,645

aug-20 122 143 118,100 7,584 12,834 12,166
sep-20 83 92 76,263 5,418 17,558 7,442
okt-20 44 39 32,461 1,008 19,898 5,102
nov-20 19 18 15,221 0 25,094 2,970
dec-20 14 6 4,755 0 28,149 760
TOTAL 1,020 1,080 892,825 20,106 183,875 46,004

The PV system was not fully operational.

16

7

0

0

16

17

17

1

2

2

19

20

66,110

290

1,670

2,550

170

10

18,740

19,750

12,860

6,110

2,970
760

230

Performance Electricity

Sold Bought
Used from 

PV

Electricity produced Normal 

year 

global 

radiation

Actual 

tilted 

irradiation 

on PV (calc)

kWh

Efficiency

%

2

Period

Electricity Climate

Actual 

tilted 

irradiation 

on PV (calc)

South, east and west

Est. annual prod. [kWh] 136.306 kWh

¢ƻǘŀƭ LƴǾŜǎǘƳŜƴǘ Ŏƻǎǘ ώϵϐмсрΣллл ϵ

157,38 kWp

Quantity [pieces] 516 panels

827

25°

Ringgården afdeling 21 (BEST-DK-1)
Rydevænget 105-131, Aarhus

New RES Photovoltaic system

Year installed 2020

Installation type PV

Address Rydevænget

Installed capacity [kWp]
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Ringgården afdeling 21 (BEST-DK-1)
General Data Fjældevænget 110-136, Aarhus

Refurbished Building

District 21 - 

Fjældevænget

Year built 1970-1973

Year refurbished 1990

Address Fjældevænget 110-136

Building function Social housing

Building type Apartments

Number of Apartments 164

Number of Occupants Approximately 400

Gross Floor Area (m²) 14,151

Gross Volume (m³) 39,623

Net Heated/Cooled Area (m²) 11,321

Net Heated/Cooled Volume (m³) 28,302

Basement Type Parterre

Attic Type Roof apart., piched w. PV

Total Investment cost [Euro] 9.86 mio (VAT excl.)

External walls Concrete structure W/m²K 0.70 0.30 0.15 0.17 0,12-0,32

Roof Wooden structure + sheetW/m²K 0.50 0.20 0.10 0.12 0,09-0,12

Ground floor - W/m²K 0.75 0.20 0.30 0.30 0.60

Windows (frame & glass) Aluminum/wood frame W/m²K n.a. n.a. n.a. 0.90 0.90

Average U-value of glazings - W/m²K 2.90 1.40 0.80 - 0,53-0,59

Average g-value of glazings -  - n.a. none 0.50 - n.a.

Ventilation Flow Rate 126 m³/h per apartment h-1 0.70 0.50 0,3-0,6 0.30 0,30

Thermal Bridges

Air tightness & n50 air change rate

Ventilation system type

Energy saving measures

Water saving measures

Special building materials

Type of Shading

Energy Systems Other information
District Heating connection yes

Photovoltaic - grid connected yes

Solar thermal - flat plate no

Heat pump demo for waste water yes

Boiler no

Key Energy figures kWh/year/m² gross area

Total Energy Demand 194.0 74.0 53.5 47.8 65.2

Total heat 155.0 55.0 49.1 47.8 61.8

Space heating 121.0 36.0 32.0 22.0 44.8

Domestic hot water 34.0 19.0 17.1 25.9 17.0

Pipe heat losses Included Included Included Included Included

Total electricity (Building operation) 39.0 19.0 4.4 'n.a. 3.4

Ventilation 14.0 7.0 2.7 'n.a. 1.9

Lighting + Heating system 12.0 4.0 1.7 n.a. 1.5

Laundry 13.0 8.0 - 0.0 1.5

Household electricity 50.0 30.0 20.3 - 14.4

Full year data not available 

Building Features Before

Normal 

practice 

Project Target 

(BEST) Design

Actual 

(2019/20)

Partial external solar shading (balconies)

150 mm extra insulation layer in the external columns

-

Decentral units with supply in l ivingrooms and exhaust in kitchen and bathroom

Waste water heat pump, heat recovery, insulation, roof renovation/apartments

Taps

Roof apartments

Existing 

building 

(referenc

Project 

Target 

(BEST) Design 2019 2020 2021

PICTURE

PICTUREPICTURE
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Ringgården Afdeling 20 (BEST-DK-2)
General Data Trige Parkvej 1-39, Aarhus

Refurbished Building District 20 - Trigeparken

Year built 1980 (1994)

Year refurbished 2019

Address Trige Parkvej 1-39

Building function Social housing

Building type Apartments/Multi-family

Number of Apartments 153

Number of Occupants Approx 400

Gross Floor Area (m²) 19.140

Gross Volume (m³) 53.592

Net Heated/Cooled Area (m²) 15.312

Net Heated/Cooled Volume (m³) 38.280

Basement Type Partly parterre

Attic Type Flat roof

Total Investment cost [Euro] 16.4 mio. (VAT excl.)

External walls Wooden cassette W/m²K 0,70 0,30 0,17 0,15 0,15

Roof Concrete deck + wood W/m²K 0,50 0,20 0,12 0,12 0,12

Ground floor Concrete structure W/m²K 0,75 0,20 0,30 0,30 0,30

Windows (frame & glass) Aluminum/wood frame W/m²K n.a. n.a. n.a. 0,80 0,80

Average U-value of glazings - W/m²K 2,90 1,40 0,80 0,80 <0,80

Average g-value of glazings -  - n.a. none 0,50 0,45 0,45

Ventilation Flow Rate 126 m³/h per apartment h-1 0,70 0,30 0,3-0,6 0,30 0,30

Thermal Bridges

Air tightness & n50 air change rate

Ventilation system type

Energy saving measures

Water saving measures

Special building materials

Type of Shading

Energy Systems Other information
District Heating connection yes

Photovoltaic - grid connected yes

Solar thermal - flat plate yes, PVT

Heat pump(s) yes

Boiler no

Key Energy figures kWh/year/m² gross area

Total Energy Demand 181 70 54,6 n.a. 50,6

Total heat 155 59 50,3 60,2 47,4

Space heating 121 39 37,2 51,5 27,8

Domestic hot water 34 20 13,1 8,8 9,3

Pipe heat losses Included Included Excluded Excluded 10,3

Total electricity (building operation) 26 11 4,3 n.a. 3,2

Ventilation 14 7 2,7 n.a. 1,9

Lighting+common ventilation 12 4 1,6 n.a. 0,9

Other energy demand (heating system) 13 8 - n.a. 0,4

Laundry 13 8 - n.a. 1,4

Household electricity 50 30 30,7 n.a. 14

Full year data not available 

Project 

Target 

(BEST)

Existing 

building 

(reference) Design 2019 2020 2021

Project Target 

(BEST)

External solar shading, overhangs of balconies

BeforeBuilding Features

Reduced

-

Decentral balanced systems with supply in l ivingrooms and exhaust in kitchen and bathroom

Actual 

(2019/20)Design

Waste water heat pump, heat recovery, insulation, PVT hybrid heat pumps, battery, controls

Taps, reduced circulation loss

Wooden cassette, PVT panels, BIPV

Normal 

practice 

PICTURE

PICTUREPICTURE
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General Data

Area [m²]

Slope [Ě]

Orientation

kWh/m² kWh/m² kWh kWh kWh kWh
jan-20 19 13 9,573 0 0 0
feb-20 36 29 20,825 0 0 0

mar-20 83 89 64,220 0 0 0
apr-20 122 142 102,589 0 0 0
maj-20 148 180 129,385 1,598 5,099 3,162
jun-20 170 182 131,197 10,178 1,855 6,352
jul-20 161 145 104,649 6,651 1,001 6,769

aug-20 122 143 102,820 5,070 1,284 6,710
sep-20 83 92 66,396 2,189 2,760 5,221
okt-20 44 39 28,261 78 5,647 3,402
nov-20 19 18 13,252 57 7,003 1,343
dec-20 14 6 4,140 0 8,621 390
TOTAL 1,020 1,080 777,308 25,821 33,269 33,34959,170

0

0

0

4,760

16,530

13,420

11,780

7,410

3,480

1,400
390

0

Performance Electricity

Sold Bought
Used 

from PV

Electricity produced
Normal 

year global 

radiation

Actual 

tilted 

irradiation 

on PV (calc)

kWh

0

Period

Electricity Climate

Actual 

tilted 

irradiation 

on PV (calc)

West

Est. annual prod. [kWh] 105.834 kWh

¢ƻǘŀƭ LƴǾŜǎǘƳŜƴǘ Ŏƻǎǘ ώϵϐрнпΣтптΦлл ϵ

143 kWp

Quantity [pieces] 128 panels (PVT)

720

0°

Ringgården Afdeling 20 (BEST-DK-2)
Trige Parkvej 1-39, Aarhus

New RES Photovoltaic system

Year installed 2020

Installation type Combined PV and solar collectors 

Address Trigeparken

Installed capacity [kWp]

Efficiency

%

0

0

0

12

11
9

8

4

13

13

11

11












































