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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the Scientific Committee of The 15th International Symposium on District Heating and 
Cooling.

Keywords: Heat demand; Forecast; Climate change

Energy Procedia 132 (2017) 9–14

1876-6102 © 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of the 11th Nordic Symposium on Building Physics
10.1016/j.egypro.2017.09.623

10.1016/j.egypro.2017.09.623 1876-6102

© 2017 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of the organizing committee of the 11th Nordic Symposium on Building Physics.

 

Available online at www.sciencedirect.com 

ScienceDirect 
Energy Procedia 00 (2017) 000–000  

  www.elsevier.com/locate/procedia 

 

1876-6102 © 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the 11th Nordic Symposium on Building Physics.  

11th Nordic Symposium on Building Physics, NSB2017, 11-14 June 2017, Trondheim, Norway 

Evaluation of a Single Family Low Energy Building in Cold 
Climate 

Ronny Östin 
Department of Applied Physics and Electronics, Umeå university, SE-901 87 Umeå, Sweden 

 

Abstract 

Verification of energy performance and indoor climate by detailed field measurements in buildings is of great 
importance and promotes an assurance in the process of constructing low energy buildings and enables to utilize the 
full potential of energy efficiency measures. 
In the present work a single family building with a heated living space area of 175 m2 has been monitored. The heating 
system has a wood pellet stove for space heating (SH) and domestic hot water (DHW) and on the roof there are solar 
collectors in a southerly direction contributing to SH and DHW. SH is distributed by the ventilation system and an 
under floor heating system which is connected to a heat storage water tank. The incoming outdoor air is pre-heated in 
an earth-to-air heat exchanger and the building has a measured specific energy usage of 54 kWh/m2year which is far 
lower than today’s regulation at 130 kWh/m2year in the actual climate zone. The low energy use in the building are 
due to thick thermal insulation (average Um = 0.18 W/°C m2), an air tight envelope (q50 = 0.165 l/sm2), heat recovery 
of exhaust air (average 74 % efficiency) and free heat from the ground pre-heating of supply air which is above 2°C 
even for outdoor temperatures down to -27°C. An essential factor was the low rate of air changes during the heating 
season about 40 % of the regulated requirement. Measurements of indoor air quality like carbon dioxide occasionally 
indicated insufficient ventilation. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the 11th Nordic Symposium on Building Physics. 
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1. Introduction 

As part of making the society more energy efficient it is of great importance to measure, investigate and improve 
the energy performance in buildings. This study focus on measurements in a low-energy building which during heating 
season has a lower fan controlled air changes per hour than the demand according to [1]. The consequence of that on 
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the indoor air quality in terms of CO2-concentration and relative humidity are reported on in this study. The building 
has a heating system based on a wood pellets stove, solar collectors and an earth-to-air heat exchanger (EAHE) for 
pre-heating the inlet supply air. Application of an EAHE is not unique it has been used long time ago [2] mainly for 
cooling, however more recently there are a number of studies [3, 4] adopted to improve the technique.  

 
Nomenclature 

Atemp heated floor area above 10ºC 
Um overall average heat transfer coefficient, W/m2 ºC 
AE area of building envelope towards outdoor air, m2 
A  area of a building component, m2 
ρ density of air, kg/m3 
Cp specific heat capacity of air, J/kgºC 
qS fan controlled inlet supply air flow, m3/s 
η heat exchanger inlet air temperature efficiency 
qL air flow leakage based on air tightness measurement, m3/s 
PL total heat losses in the building, W 
PS diurnal measured space heating, kWh 
K linear regression coefficient, kWh/ºC 
m linear regression constant, kWh 
Ti Indoor air dry bulb temperature, ºC 
To Outdoor air dry bulb temperature, ºC 
q50 leakage air flow at 50 Pa pressure difference, liter/s and m2 

1.1. Specifications of the building 

The building in this work is situated in the vicinity of Umeå, latitude N 63º 50’ and longitude E 20º 14’. The Atemp 
of the building is 175 m2, distributed on a ground floor and an open attic space. The surface of the envelope towards 
outdoor air is 325.2 m2 and the total ventilated indoor air volume is 498.2 m3. During the period of evaluation the 
house has been inhabited by two adults. The building has a ridge roof and an exterior façade made of wood panel. The 
heating system includes a wood pellet stove for SH and DHW. According to the manufacturer the pellet stove provides 
85 to 90 percent of its useful heat via the water circulation system to the heat storage tank. The performed 
measurements on the pellet stove concerned the heat released by the water circulation to the heat storage tank, which 
has a volume of 0.75 m3. On the roof of the house there are 7.08 m2 of solar collectors installed in a southerly direction. 
According to the manufacturer the annual output of heat from the solar collectors could be expected to be 3 606 kWh.  
SH is distributed by a under floor water heating system connected to the heat storage tank. The release of heat in the 
under floor heating system was measured continuously. If necessary, heat could also be supplied electrically in the 
heat storage tank by a 4.5 kW resistance heater. The ventilation system is also provided by an electrical post heater of 
0.9 kW for the supply air. Except from the convective and radiative heat losses from the pellet stove to the indoor 
environment the supply of heat from all sources in the heating system has been measured. 
The EAHE pre-heating of the incoming outdoor air is a 36 m long tube, of which 24 m of diameter 0,2 m is buried 
1.5 m deep in the ground outside the house and 12 m of diameter 0.16 m is buried in the ground underneath the house. 
The heat in the exhaust air is recovered by a heat exchanger to the incoming pre-heated outdoor air. The supply air in 
the house is distributed through vents in the ceiling into the open space of the living room and into the bedrooms. The 
exhaust air is taken through open drains in the bathroom, laundry room and drains for the dishwasher in the kitchen. 
The thermal insulation under the slab on ground, in the external walls and in the ceiling are made of foam glass of 
thickness 0.306, 0.357 and 0.408 m in the foundation, in the external walls and in the ceiling respectively. Based on 
the blue prints the building contractor estimated the energy demand for SH and DHW to 11400 kWh/year and the 
average U-value was given to 0.14 W/m2 °C. The estimation was based on a fan controlled air flow of 62.3 
liters/second, an air leakage of 0.22 [liters/s enclosing area] at 50 Pa, and a temperature efficiency in the exhaust air 
heat exchanger of 80 %. 
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1.2. Measurements 

The measurement of air tightness was done according to SS-EN1 13829 by using the Minneapolis Blower Door 
method. The regulation in Sweden before July 2006 demanded a leakage below 0.8 l/s and m² at ± 50 Pa. Today there 
is no specific value but the building code states that a building should be as air tight that the demand on energy 
performance and safe moisture levels are guaranteed [1]. For a passive house in Sweden the recommendation [5] for 
air leakage is below 0.3 liter/s and m² at ± 50 Pa.  
Measurements of temperature, relative humidity and carbon dioxide (VAISALA GMD20) in the exhaust air, rate of 
volume flow and use of electric energy (lightning, resistance heater in the storage tank, household appliances, pumps 
and fans) was done by using wireless data loggers (T&D wireless data logger system, RTR-5 series). Except for the 
measurements of DHW, which was stored as 10 minutes average values, the data loggers stored average values every 
half hour. Down-loading of data from the loggers was handled via internet. A limitation in the data logger system has 
been the life time of the battery in the loggers. The loggers have in some cases run out of power and the stored data 
was lost. The accuracy according to factory calibrations was ± 0.3°C for the temperature sensors, ± 5 % for the relative 
humidity sensors and ± 30 ppm for the CO2-sensor. 

1.3. Analysis 

Heat losses in occupied residential buildings and evaluations of energy actions by regression has recently been studied 
in [6]. The method has been used in the analysis of this work, however in a more simplified form. Since the 
investigated building did not have a basement and the insulation under the slab on ground was substantial (thickness 
0.306 m) the ground heat losses were assumed to be of minor importance. Thus the heat losses were assumed to be 
mainly dependent on the in- and outdoor temperature difference: 

   oiPPL TTCCP  LSEm q  )-(1q +AU    (1) 

As the building was constructed of thermally light material the time constant of the building was assumed to be 24 
hours, qS and qL (although dependent on temperature and pressure gradients) were considered as constant. The 
measured data on diurnal basis of space heating and in- and outdoor temperature were fitted by linear regression 
according to:  

m + )T-(TKP oiS     (2) 

From identification of equations (1) and (2), the regression coefficient K constitutes a lumped measure of the heat 
losses given by equation (1). The constant m has an ambiguous physical meaning, and it was included in the regression 
to adopt for non-outdoor temperature dependent influences like airing, ground heat losses, heat released from electrical 
appliances and occupants. In order to reduce the spread in measured data due to solar radiation, equation (2) was fitted 
to measured data during November, December and January, i.e. period with low solar radiation. 
Based on the measurements of qS, η and q50 an estimation of the overall average heat transfer coefficient was calculated 
according to: 

  
E

PP
m A

CCKU LS q  )-(1q 



  (3) 

qL in equation (3) was calculated from the q50-value from the air tightness measurement according to EN ISO 
13789:2008. 
The annual use of SH was normalized with respect to outdoor temperature according to the method of degree days 
from the Swedish Meteorological and Hydrological Institute. 
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2. Results and discussion 

The annual energy usage and the energy performance as defined by [1] are compiled in table 1. Referring to earlier 
investigations for comparison; in [7] which includes a compilation of detached houses during 2006 – 2014 the sum of 
SH and DHW ranges from an annual average of 15 900 to 18 900 kWh.  

     Table 1. Compilation of annual energy usage. Energy for pumps and fans are included in the space heating. 

  Annual energy 
(kWh) 

Specific energy               
(kWh/m2 per year) 

Space heating 8 428 48.2 

Domestic hot water 1 060   6.1 

Household appliances 3 025 17.3 

Total 

Energy performance 

12 513 71.6 

54.3 

 
The DHW usage in the building of this study is about 2/3 of what was found in [8]. In [7] it was reported on an 

average value of 4 000 kWh/year for household appliances based on a study of 200 detached houses. Thus, the annual 
energy for DHW and household appliances in this study are comparable lower as is also the energy for SH. The 
measured and normalized specific energy, 54.3 kWh/m2, is much lower than the demand for the actual climate, zone 
one, which is 130 kWh/m2 per annum.  The measurement of air leakage in the building gave an average q50-value of 
0,165 liter/s and m2 which is lower than the demand for a passive house [5]. The calculated Um-value according to 
equation (3) is 0.18 W/m2 ºC (average value based on data from the used time periods) which is 28 percent above the 
Um-value given by the building constructor. The functioning of the EAHE shows that the pre-heating (figure 1) is 
substantial during the heating season.  

 

Fig. 1. Supply air temperature (diurnal average temperatures) after the earth-to-air heat exchanger. 

In periods with To diurnally as low as -27ºC the air temperature at the exit of the EAHE is +2ºC. For periods with 
heating demand the measured supply air temperature efficiency of the air-to-air heat exchanger in the ventilation 
system varies between 72 – 76 %. All these qualities have a positive influence on the energy performance of the 
building. However, the individually most important reason for the low-energy SH was the set of the fan controlled 
ventilation, which during the heating season was measured to 0.2 air changes per hour. Since this is only 40 % of what 
is demanded in [1] the Swedish building code the implementation of a CO2-sensor in the exhaust air channel and 
extending the measurement period became a natural action for studying the influence of a to low ventilation on indoor 
air quality. 
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Earlier the Swedish national board of health and welfare stated a general advice (SOSFS 1999:25) that a CO2 content 
above 1000 ppm indicated insufficient ventilation. Further, that an indoor contribution of vapor content above 0.003 
kg/m3 could also be an indicator of insufficient ventilation although not as plain as the CO2 content.  

During the period November to the end of February the relative humidity varied in the range 33 to 40 % and the 
average CO2-concentration in the exhaust air was 476 ppm and the hourly content of CO2 was mainly below 1000 
ppm. However, occasionally the hourly variation in CO2 could become as in figure 2, which shows the day with the 
highest measured average value (816 ppm). In the early morning (figure 2) the decreasing level is in agreement with 
[9], i.e. sleeping persons produces less CO2 than active persons.  
 

 

Fig. 2. Hourly variation in CO2 during the day with the highest average CO2-value. 

As seen in figure 2 the CO2 content is above 1000 ppm during 8 hours in the afternoon. During the same time the 
indoor vapor contribution increased to 0.012 kg/m3. Thus, both the vapor contribution and the CO2 content  

 

     Table 2. Utilization of free heat from the solar collector system and the pre-heating of supply air by the EAHE. 

Month Solar collector   
(kWh) 

EAHE 
(kWh) 

Monthly total      
(kWh) 

January 1 228 229 

February 55 156 211 

March 178 192 370 

April 314 81 395 

May 248 50 298 

June 302 18 320 

July 357 12 369 

August 437 27 464 

September 283 55 338 

October 273 140 413 

November 27 150 177 

December 

Total 

0 

2476 

187 

1296 

187 

3772 

 
indicated insufficient ventilation. As seen in figure 2, the decline from the peak level to 1000 ppm takes about 4 

hours. The reason for the peak and decline is naturally dependent on the number of persons in the building, which was 
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unknown. It is impossible to claim that this decrease was only due to the fan controlled ventilation system since airing 
could also be an option, however the reduction from higher to lower CO2 concentrations occurs rather rapidly although 
insufficient fan controlled ventilation.  
The solar collector and the EAHE are good example of a joint action system of utilization of free heat, see table 2. The 
total contribution of heat from the two solutions was annually around 3 800 kWh and about 34 % was the contribution 
from the EAHE system. During periods of low utilization by the solar collectors, November – February, pre-heating 
by EAHE is high and vice versa for the period, May – September. The EAHE meant that the temperature of the supply 
air entering the recovery heat exchanger in the ventilation system was above 0ºC even at the lowest outdoor 
temperatures (-27ºC) and thus excludes the use of electrically post heating the supply air. 
The energy demand estimated by the building contractor for SH and DHW was roughly 20 % higher compared to what 
has been found by the measurements in this investigation. The low rate of air changes, the use of EAHE and an air 
tight envelope are mainly the reasons for the lower energy usage. Despite the too low ventilation during the heating 
season the measured hourly CO2 concentration in the exhaust air was only occasionally found be as high as 1000 - 
1500 ppm. The open planning in the building with the generous ceiling height is advantageous in this case. Hazardous 
concentration of CO2 with respect to health [10] are far above the levels that has been measured in this study. The 
interpretation here is not that the constant rate of air changes could be further lowered, but it indicates an energy saving 
potential by using demand controlled ventilation using a more intelligent control due to CO2 and vapor content and in 
the exhaust air. The Swedish building code do not serve a detailed guidance in this matter. It regulates the demand on 
indoor air quality by a minimum flow of outdoor air (0.1 or 0.35 liter/sm2 if un- or occupied respectively) and is only 
advisable about CO2. In [11] a recommended CO2 concentration for energy calculations in new and existing building 
is 500 - 800 ppm above the outdoor CO2 content.  

3. Conclusions 

The investigated single family building has a total energy usage of 12500 kWh/year and an energy performance 
(including SH, DHW and energy for pumps and fans) of 54.3 kWh/m2. The thermal performance of the building is 
supported by an air tight envelope (q50-value of 0,165 liter/sm2), a low overall U-value (average 0.18 W/m2 ºC) and 
an efficient heat recovery in the ventilation system using pre-heating of the supply air by an EAHE. The application 
of the EAHE in this study was found to eliminate the need of electrically post heating of the supply air. The too low 
ventilation air changes (0.2 ach per hour) during the heating season has been found to occasionally raise the exhaust 
air CO2 concentration above 1000 ppm. An intelligent demand controlled ventilation system based on sensors like 
CO2 and humidity would better adopt to the need of variable air changes and probably further lower the energy use in 
low-energy buildings. 
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