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Abstract 12 

One modern method of lowering building energy use is heat exchange between outgoing and 13 

incoming air. Exhaust air moisture (partly) condenses in the heat exchanger, giving liquid water to be 14 

removed. With low absolute humidity of inlet air especially at low outdoor temperatures, a significant 15 

drying effect results for the air inside the building. Increasing air humidity by, for example, spraying 16 

water or increasing watering of plants will give an energy penalty. This paper presents an analysis of 17 

the energy efficiency (recovered versus input exergy) of a modern house equipped an exhaust air heat 18 

recovery system and external heating supplied by a geothermal heat pump. Indoor temperature is 19 

22°C and relative humidity is 50 or 30%. Temperature and humidity of inlet air and ventilation flow 20 

rates are variable and the effects on power use by the heat pump are assessed. Results show that 21 

without moisture recirculation a water loss up to 1 kg/h from the building may occur. Several kWh of 22 

electricity may be consumed daily by a (geothermal) heat pump supplying heat depending on outdoor 23 

temperature, and indoor and outdoor air humidity. Besides water consumption, this may imply 10-15 24 

% of total electricity use.   25 

 26 
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1 Introduction 29 

This paper addresses air humidity and the effect of the air humidity level on the use of energy and 30 

water in modern buildings. One modern method of lowering the energy use by buildings is to 31 

exchange heat between ventilation air leaving a building and incoming fresh, typically colder air. (It is 32 

possible that the temperature of the incoming air is warm for longer periods of time, for example in 33 

Europeduring the summer of 2018.) For most methods and consumer products for air conditioning 34 

and heating/cooling of building space the performance is optimised primarily from a heat recovery 35 

point of view, with  energy efficiency considerations aiming at reducing costs as well as negative 36 

effects on the environment. Indeed, heating systems based on combustion of coal, peat and biomass 37 

have during the last half-century largely been replaced by centralised heating, district heating and 38 

(natural) gas fired systems. This went in parallel with improved insulation using modern materials and 39 

double/triple glazing and more effective use of solar heating and shading, aiming at so-called “passive 40 

housing”. Most recent trends involve heat pumps (with air or ground heat as main reservoirs) [1], heat 41 

pipes [2], thermo-hydraulic [3] and thermo-electric devices [4], all of which have two important 42 

characteristics: they can be used for either heating or cooling, and they can be integrated with solar 43 

energy (thermal or photovoltaic) in so-called (solar) assisted heat pump systems [5], or systems 44 

integrated with hot or cold water. Besides water, which is sufficient for short-term thermal energy 45 

storage (TES) and was shown to enable 60% efficiency for  seasonal storage [6], thermal energy can 46 

be stored as heat or cold using phase change materials (PCMs) or other sensible or latent heat storage 47 

materials [7, 8]. Cooling typically being more expensive than heating has resulted in the development 48 

of so-called passive cooling technology based on control of short-wavelength versus long-wavelength 49 

thermal radiation [9].      50 

One additional feature that receives much less attention, though, is that moisture in the exhaust air 51 

partly or completely condenses in the heat exchanger, while reducing heat loss this also produces 52 

liquid water that must be removed. This may be explained by typically low costs for fresh water 53 

compared to energy (heat or power), making it a minor problem if the condensate water is discarded 54 

via a sewage system. With a low absolute humidity of inlet fresh air especially at near or below 0°C 55 

ambient conditions, a significant overall drying effect results for the air inside the ventilated building 56 

[10,11], however. Taking cold air into a building without heat exchange between separated streams 57 

would allow for transfer of moisture before the exhaust air leaves the building. Besides heat recovery, 58 

taking out humidity via a heat recovery system removes microbial activity from a building as well. 59 

This will have positive effects on health and suppression of fungi growth (with costly consequences). 60 

On the other hand, increasing the air humidity by, for example, spraying water or increasing the 61 
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watering of plants gives an increased penalty for the heating system of the building, as also shown in 62 

this paper. 63 

 64 

Performance data on air ventilation heat recovery systems (EAHRs) is almost exclusively available in 65 

the open domain as commercial product data published on-line. These sources do acknowledge that 66 

combining air ventilation with heat recovery has an effect on the humidity of the air in the building 67 

considered. Indeed, heat recovery ventilation (HRV) systems are distinguished from energy recovery 68 

ventilation (ERV) systems, where the former involve only heat exchange between air streams while 69 

the latter also include transfer of moisture between the air streams [11,12,13,]. ERVs typically contain 70 

a desiccant material, combined with more complicated tubing, moving parts and control systems, 71 

making them much more expensive and as a result less commonly implemented than HRVs. 72 

While there is a significant literature on ice formation and frosting [e.g., 10-12,14-15], much less 73 

quantitative reporting is available, however, on:  74 

 The amounts of water involved when considering the condensation of humidity, 75 

 on the effects these amounts can have on building envelope air humidity and water use, and  76 

 how the need to externally control the humidity affects the building’s energy requirements. 77 

    78 

One interesting approach to simultaneous heat and humidity control (for an archives building) using 79 

geothermal heat pumps (HPs) was reported from China [16], using one HP for heating in parallel with 80 

a second HP for cooling during winter. Depending on indoor humidity, the cooling HP is switched 81 

off. Alternatively, improved humidity control can be achieved using a desiccant material coating for 82 

water ab-/desorption on the heat transfer surfaces of the condenser and evaporator of an air/air heat 83 

pump, with periodic switching of the evaporator and condenser [17], avoiding the condensation of 84 

moisture. A similar approach would be to integrate a material that absorbs/desorbs moisture with a 85 

significant heat effect with an EAHR and combine thermal energy storage (TES) with recovery of 86 

moisture besides heat. One such TES material is nesquehonite (MgCO3∙3H2O) that can give off and 87 

take up its crystal water in a cyclic process, which is part of our ongoing parallel activities [18]. 88 

 89 

Thus, while an earlier study addressed problem of very low (< 30% relative humidity) indoor 90 

humidity in passive houses [19] the gap in knowledge this paper addresses is: 91 

 the quantification of the rate of condensate water removal by an EAHR,  92 

 the heat effect of that, and  93 

 how this compares with heat provided to the building envelope necessary for evaporating water. 94 

 95 
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Below a case study is given of the energy recovery in a modern house equipped with external heating 96 

supplied by a geothermal heat pump and an EAHR system. For this study, the indoor temperature is 97 

fixed at 22°C and indoor the relative humidity is chosen to be either 30 or 50%. Temperature and 98 

humidity of inlet air are varied while also flow rate into/out of the building is considered. The effect 99 

on the power use by the heat pump used for heating the building is assessed, especially for low 100 

ambient temperatures when ambient air humidity (relative as well as absolute) is low. Calculation of 101 

input exergy versus recovered exergy is used to quantify energy efficiency. 102 

2 Case study description 103 

The exhaust air heat recovery (EAHR) system is part of a new house built in 2017 in southwest 104 

Turku, Finland (99 m
2
, one floor, two-under-one-roof with neighbour house on the north side). See 105 

Figure 1 (left) for an impression. The building volume is approx. 275 m
3
. The house is heated using 106 

geothermal heat pump NIBE F1226-8-R (nominal heat output 8 kW, COPHP = 3.07 ... 4.21 for outside 107 

temperature    -7 … +12°C) for floor heating and hot water production (max temperature 63°C).   108 

 109 

 110 
 111 

 112 

Figure 1: The case study house in Turku, Finland, and the exhaust air heat recovery (EAHR) system 113 

 114 

The focus of this study, the EAHR system, is an Iloxair type Ilox 89Plus (Fläkt Woods) unit [20,21]. 115 

Fig. 1 (right) shows the EAHR unit, which has a maximum flow capacity of up to 102 litres/s (100 Pa 116 

gauge), recommended 20-55 litres/s (150 Pa gauge). The average annual heat recovery is specified to 117 

be approx.         this number will be used here for all calculations (although it would depend on 118 

temperature differences and air flow rates): 119 
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                                                                                                                      (1) 120 

 121 

The number of 75% heat recovery is also one of the definition criteria of a Passive House [22]. It is 122 

assumed that heat Q ≈ enthalpy difference ΔH (i.e. pressure/volume work << heat).  Heat and air 123 

flows through the system are shown in Fig. 2, with some detail on the EAHR. Not visible is the 124 

EAHR outlet for liquid water which may condense from the hot, exhaust air stream – it can be seen in 125 

Fig. 1. Of course, this liquid water output is an important contribution to avoiding ice formation and 126 

frosting in the EAHR; this outlet is not considered in the studies referenced above.  127 

 128 

 129 
 130 

Figure 2: Schematic of the case study heat and air flows, and, (taken from [11]) the flows through the 131 

exhaust air heat recovery (EAHR) system (red = hot, blue = cold                = air, - - - = water) 132 

 133 

Several built-in features limit the ranges of operation of the EAHR [20,21,]:  134 

 During summer, no heat will be exchanged, which occurs if ambient temperature is  > 12°C and 135 

in-house temperature  > 22°C (no heat-up of incoming fresh air will occur), and  136 

 during winter (ambient temperature < 8°C) the flows are controlled to a minimum temperature of 137 

15°C for the inlet air leaving the EAHR, if necessary deploying a 1.2 kW electrical resistance 138 

heater. To avoid frosting in the EAHR the air flows may be temporarily interrupted: this may 139 

occur if ambient temperature drops below -10°C.  140 

 141 

Figure 3 below shows the average monthly temperatures in Turku, Finland, for the years 2010 to 142 

2017. As can be seen only two observations are higher than 20°C. For about 35% of the observations 143 
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the ambient air temperature is above 12°C, and for 54% of the observations the ambient air 144 

temperature is below 8°C. 145 

 146 

Figure 3: Average monthly air temperatures in Turku, Finland, from 2010 to 2017. The data is taken 147 

from the Finnish Meteorological Institute [23]. 148 

3 Calculation of water condensation amounts 149 

Absolute humidity, ω (kg moisture/kg dry air) of a humid air stream was calculated from temperature 150 

and relative humidity, RH (%) and for a (constant) total, ambient pressure ptotal = 101.3 kPa using 151 

[24]: 152 

 153 

   
       

  

   
         

             
  

   
         

       (2) 154 

 155 

with the saturation pressure psat(T) (kPa), with T in °C, given by 156 

 157 

             
             

     
        (3) 158 

The specific enthalpy h (kg / kg dry air) was then calculated, with T in °C, using [24] 159 

 160 

                                (4) 161 

 162 

combining properties of air and water vapour. The mass flows ṁ (kg/s) of incoming and outgoing 163 

humid air are calculated by multiplying the (ideal gas) air density with the volume flows (STP), with 164 
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molar mass 29 kg/kmol for dry air,  adding the humidity using ṁ = ṁdry air ∙ (1+ω) kg/s.  165 

 166 

Using (1) the enthalpy change (decrease) of the outgoing air stream was calculated from the incoming 167 

enthalpy streams, after heat exchange with the colder inlet air: 168 

 169 

                                                                                      (5) 170 

 171 

For the outgoing air stream the saturation temperature was then calculated at which condensation may 172 

occur. For this, the saturation pressure psat (kPa) is calculated from its absolute humidity, followed by 173 

the saturation (condensation) temperature (°C), by reversing, equations (2) and (3) for RH = 100%: 174 

 175 

        
        

       
      and        

       

                 
             (6a, b) 176 

 177 

Using the exit enthalpy for the outgoing air, a criterion for condensation can be given: condensation 178 

occurs when the exit enthalpy of the outgoing air stream is lower than the enthalpy of that stream at T 179 

= Tsat. Thus, the amount of condensation water ṁcondens (kg/s) can be calculated: 180 

  181 

                                                                                    (7)  182 

 183 

with condensation heat for water (kJ/kg) vs. temperature (°C) by: 184 

  185 

                                                                  (8) 186 

 187 

Also, a value for the fraction of the water condensation can be calculated by comparing ṁcondens (kg/s) 188 

with the incoming water content ṁdry air ∙ ω (kg/s) in the air from the building space. When that 189 

fraction is within the range 0 – 100% it can be assumed that the outgoing air stream leaves the EAHR 190 

unit at T = Tsat. Likewise, the temperature at which the inlet air leaves the EAHR (and enters the 191 

building space) can be calculated using a heat balance similar to (5); for the current work this was not 192 

necessary. (Also, no moisture condensation would occur in this stream.) The net amount of water 193 

(kg/s) leaving the building space as moisture can be calculated as 194 

 195 

                                                                                      (9) 196 

 197 

For optimal energy efficiency of the EAHR this is completely condensed. A make-up amount of water 198 
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(liquid) ≥ what is calculated using (9) must be added to the building space to compensate for this, with 199 

heat requirements: 200 

                                                                       (10) 201 

 202 

The expressions above are used also for sub-cooled humid air, considering temperatures down to -203 

10°C, but ice formation is not considered here (as this is circumvented by the by-pass operation of the 204 

EAHR). 205 

4 Calculation results: energy and water mass balances 206 

As noted above, the air flows will be by-passing, and heat transfer won’t occur in the EAHR if 207 

building space temperature is > 22°C and ambient temperature > 12°C (“summer mode”). A normal 208 

in-house comfort zone lies between 18 and 24°C temperature and between 30% and 70% RH [22]. 209 

According to current building regulations, in general cases, 0.35 (litres/s)/m
2
 is the minimum 210 

ventilation requirement, giving 0.5 ACH (air change per hour) [25]. For the air flows, 40 litres/s in- 211 

and outgoing humid flows through the EAHR unit on both the hot and cold side are used for the 212 

calculations; this corresponds to an ACH equal to 0.52 for the 275 m³ building envelope. For flow 213 

rates other than 40 + 40 litres/s the result values given below for energy and moisture can be linearly 214 

recalculated. (Thus, for 20 + 20 litres/s the values given in the Figures and Tables below should be 215 

multiplied by 0.5; for 50 + 50 litres/s the values given below should be multiplied by 1.25, etc.) 216 

4.1  Building space 22°C, RH 50% and varying fresh air inlet conditions  217 

A first system calculation result is given in Fig. 3, for a building space at 22°C, RH = 50%. The total 218 

building space moisture content is then 275 m
3
 ∙8.2  g/kg dry air = 2.2  kg. Ambient temperature as 219 

entering the cold side of the EAHR is varied from -8°C to 22°C, at ambient RH = 30%.  220 

Fig. 4 gives the 1) heat transferred in the EAHR and 2) the heat that must be supplied by the building 221 

space heating system as to evaporate liquid water, both in kW, besides 3) the water amount that is 222 

condensing in the hot side of the EAHR, as g/s and as % of the incoming amount. Fig. 3 gives also 4) 223 

the net loss of water from the building space, in g/s, as a result of a (much) higher absolute humidity 224 

in the air going out compared to the fresh air coming in. For convenience and giving higher accuracy, 225 

the lowest and highest numbers of the respective curves are given in Table 1 for Figures 4 – 7. 226 
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 227 

 228 

 229 

 230 

 231 

 232 

 233 

 234 

 235 

 236 

Figure 4: Heat recovery and water condensation in the EAHR, and building humidity mass balance. 237 

Building temperature 22 °C, RH 50%, in- and outflows 40 l/s, outside air RH 30%. 238 

% indicates % of moisture content condensed in EAHR. 239 

 240 

For this situation the heat recovered by (transferred in) the EAHR varies from ~ 1.8 kW at – 8°C 241 

ambient temperature to zero heat transfer which occurs at ~ 26°C ambient temperature. At the same 242 

time condensation of water in the exit air stream drops from 100% of the moisture entering from the 243 

building space, corresponding to 0.39 g/s water condensation at the lowest temperature, to zero which 244 

occurs at around 18°C incoming ambient air.  The net amount of water leaving the building space 245 

decreases from 0.36 g/s at -8°C ambient inlet to 0.16 g/s at 22°C, which equates to 1.30 (!) and 0.57 246 

kg per hour, respectively. (For comparison: it was reported that a typical family of four persons 247 

“produces” 10 kg of water vapour per day [15].)  248 

 249 

Heat recovery becomes significant at low ambient fresh air inlet temperatures but obviously the 250 

customer/user should supply the water that will go out via (and partially condensate in) the EAHR, for 251 

as far this does not enter with incoming ambient air. This applies especially at low ambient 252 

temperature and absolute humidity. The water the user must supply will presumably be in liquid form 253 

and must be evaporated before it adds to building space air humidity. This heat requirement is also 254 

given in Fig. 3: at –8°C ambient air a 0.89 kW heat input is needed for this, later contributing to 1.81 255 

kW condensation heat transferred in the EAHR. This heat requirement drops to 0.39 kW at 22°C 256 

ambient temperature.   257 

 258 

 259 
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Table 1  Minimum and maximum values for curves in Figures 4 – 7. Building indoor temperature 261 

22°C, air in- and outflows 40 l/s. 262 

 263 

Indoor RH 

% 

50 50 30 30 

Ambient 

RH 

30 70 30 70 

 Min Max Min Max Min Max Min Max 

Heat 

recovered 

kW 

0.30 1.81 -0.31 1.73 0 1.50 -0.61 1.42 

Water 

evaporation 

kW 

0.39 0.89 0 0.78 0 0.50 0 0.39 

Water 

condensed 

g/s 

0 0.39 0 0.40 0 0.24 0 0.21 

Water loss 

g/s 
0.16 0.36 -0.16 0.32 0 0.20 -0.32 0.16 

 264 

The corresponding exergy consumption as a result of water evaporation 22°C ranges from 90 W at           265 

-8°C ambient temperature to zero at 22°C ambient temperature (= building space temperature). In the 266 

EAHR this moisture condenses, at 11°C, giving 60W exergy in return: this results in an overall exergy 267 

consumption of 30 W at -8°C ambient temperature and equal to zero exergy consumption at 22°C.  268 

 269 

Exergy of heat Q, exQ, at temperature T (K), with ambient temperature T°, and of electric power P,  270 

exP are calculated using [26]: 271 

         
  

 
                                             (11a,b) 272 

 273 

For the case study house considered, the heat for water evaporation is supplied by a geothermal heat 274 

pump with COPHP ~ 3 at lower temperatures, which implies that the 0.89 kW for water evaporation 275 

comes at an electricity use of 0.89 kW / 3 =  0.30 kW which is 10× exergy penalty for evaporation 276 

minus condensation in the EAHR. At higher ambient temperatures, where COPHP ~ 4.2, evaporation 277 

of water comes at an electricity cost of 0.39 / 3 = 0.13 kW, without a further exergy penalty since T = 278 

T° = 295K. 279 

 280 

The above shows that a significant amount of water evaporation is necessary to compensate for a net 281 

outflow of moisture for a building envelope. This gives an electricity penalty via the heat pump that is 282 

significant too: 0.13 – 0.30 kW corresponds to 3.1 – 7.2 kWh per day. This is of the order of 10-15% 283 
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of the total electricity consumption of the case study house, including lightning and electrical 284 

equipment.   285 

 286 

The values for the heat needed Qevap for water evaporation, the exergy exQevap of that and the exergy 287 

(electricity) used by the heat pump for this, exQevapHP are given in Table 2. The netto exergy effect of 288 

the water condensation in the EAHR can be calculated using 289 

    290 

                 
        

       
              

        

        
     (12) 291 

 292 

which is also given in Table 2. This equates to netto 30 W exergy consumed for this case, which is 293 

only part of the exergy consumption of the heat pump (electricity) that delivers the heat for the 294 

evaporation, see Table 2, calculated using  295 

           
     

     
        (13) 296 

 297 

 298 

Table 2 Heat Q and exergy consumption exQ related to water evaporation, the HP exergy (electricity) 299 

consumption and the netto exergy effect of condensation in the EAHR, exQrecov for the four cases 300 

considered, for ambient temperatures -8°C and 22°C  301 

 302 

Ambient 

temperature °C 

-8°C (COPHP ~ 3) 22°C (COPHP ~ 4.2) 

Indoor 

RH  

% 

Ambient 

RH  

% 

Q
evap

  

H
2
O  

W 

exQ
evap

 

H
2
O  

W 

exQ
evap

 

HP  

W 

exQ
recov

 

H
2
O  

W 

Q
evap

  

H
2
O  

W 

exQ
evap

 

H
2
O  

W 

exQ
evap

 

HP  

W 

exQ
recov

 

H
2
O  

W 

50 30 890 90 297 30 390 0 98 0 

50 70 780 79 260 26 0 0 0 0 

30 30 500 51 167 29 0 0 0 0 

30 70 390 40 130 25 0 0 0 0 

 303 

 304 

The calculation summarized by Fig. 4 was repeated for more humid ambient air with RH = 70%, 305 

giving the results shown in Fig. 5. A first striking difference with 30% ambient air RH is the net 306 

amount of water entering the building space – see also Table 1 for the minimum / maximum values. 307 

Values for heat recovered in the EAHR and for heat required for liquid water evaporation are 308 

somewhat smaller than for 30% ambient RH, while moisture amounts condensed in the EAHR are 309 
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similar. At higher ambient air temperatures, the heat recovered may become zero and even negative. 310 

(It may be assumed that the EAHR is equipped with temperature measurement rather than 311 

measurement of enthalpy, therefore it is possible to calculate a negative value for recovered heat 312 

based on enthalpies.) The EAHR system can, however, not operate as an inlet air cooler, turning into 313 

by-pass mode instead, with zero heat exchange. This will bring the water loss from the building to 314 

around zero rather than a building envelope moisture accumulation of 0.16 g/s as calculated.    315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

Figure 5: Heat recovery and water condensation in the EAHR, and building humidity mass balance. 326 

Building temperature 22 °C, RH 50%, in- and outflows 40 l/s, outside air RH 70%. 327 

% indicates % of moisture content condensed in EAHR. 328 

 329 

As for the electricity penalty that arises from the evaporation of moisture to maintain building 330 

envelope humidity, 0.78 kW / 3 = 0.26 kW is needed at -8°C ambient temperature, with  a 26 W 331 

exergy penalty for evaporation minus condensation in the EAHR. At 22°C ambient temperature the 332 

electricity needed for the heat pump drops to zero while the exergy of evaporation minus 333 

condensation is positive: a net exergy supply to the building envelope. This is a result of a higher 334 

ambient RH than building envelope RH, giving a net influx of moisture into the building envelope 335 

which eventually via condensation gives an overall heat effect. As noted above, this would be 336 

prevented by the gas flows going into by-pass mode. Therefore the values as given in Table 2 for this 337 

case. 338 

  339 

Thus at 70% ambient air RH the energy penalty for water evaporation as electricity use by the heat 340 

pump is somewhat smaller than at 30 % RH for sub-zero ambient temperatures; at higher ambient 341 

temperatures this electricity consumption becomes zero for 70% ambient RH but not quite so at 30% 342 

ambient RH.    343 
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4.2 Building space 22°C, RH 30% and varying fresh air inlet conditions  344 

Humidity in the building envelope for this case study is in practice measured to be around 30% RH, 345 

regardless of outside ambient conditions. This is experienced as a significant drop in humidity 346 

compared to older housing, where RH is typically varying around 50 - 60%. Therefore the 347 

calculations given above are repeated for RH = 30% building envelope humidity (total air moisture 348 

content 275 m
3
 ∙ 4.93 g/kg dry air = 1.36 kg).  349 

 350 

Calculated results are given in Fig. 6 and Fig. 7 for 30% and 70% ambient air RH, otherwise similar 351 

to the calculations in the previous section. See also Table 1. Compared to a 50% RH air building 352 

envelope case, EAHR heat recovery rates are ~ 15% smaller, while less electricity is needed to 353 

evaporate water to maintain 30% RH. Accordingly, less humidity may condense in the EAHR while 354 

also the net water loss rate from the building envelope is less. At 70% ambient RH and ambient 355 

temperatures above 10 – 15°C there is a risk for a net influx of moisture; this will be suppressed by 356 

the heat exchanger being by-passed since it cannot act as an inlet air cooler.  357 

 358 

 359 

 360 

 361 

 362 

 363 

 364 

 365 

 366 

 367 

Figure 6: Heat recovery and water condensation in the EAHR, and building humidity mass balance. 368 

Building temperature 22 °C, RH 30%, in- and outflows 40 l/s, outside air RH 30%. 369 

% indicates % of moisture content condensed in EAHR. 370 

 371 

The exergy penalty is a result mainly of electricity use by the heat pump that provides the heat for 372 

evaporation of water: this will be 0.13 – 0.17 kW at -8°C and becomes zero at approx. 20°C at 30% 373 

RH or at approx. 10°C at 70% RH. See also the values listed in Table 2. Overall, tolerating a 30% 374 

building envelope RH has an energy savings advantage which may be of the order of 5-10% total 375 

electricity use when compared to 50% RH.   376 

 377 
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 379 

 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

Figure 7: Heat recovery and water condensation in the EAHR, and building humidity mass balance. 389 

Building temperature 22 °C, RH 30%, in- and outflows 40 l/s, outside air RH 70%. 390 

% indicates % of moisture content condensed in EAHR. 391 

5 Conclusions 392 

An analysis on the in- and outflows of moisture and the heat recovery in an exhaust air heat recovery 393 

(EAHR) system without moisture recirculation was made for a modern house in Finland. It is shown 394 

that net outflows of water from a building envelope can be very significant especially at low ambient 395 

temperatures where absolute humidity will be low. Compensating for water losses brings an energy 396 

penalty for water evaporation; supplying this as heat via a geothermal heat pump (COP 3 – 4) may 397 

add 5 – 15% to the house’s total electricity consumption depending on building envelope humidity 398 

(30 – 50% RH) and ventilation rate (0.3 – 0.5 air changes per hour). The results support the finding 399 

that energy use in the form of electricity consumption of the ground source heat pump increases when 400 

increasing the use of water as to increase indoor humidity. It saves energy and water if the air 401 

ventilation flow is minimal if no persons are present in the house. Also, plants will survive better. As 402 

earlier suggested [19], more advanced indoor air quality and ventilation could use measured of 403 

relative humidity or CO2 content as control parameters. Integration with thermal energy storage (TES) 404 

materials that ad-/ab- and de-sorb humidity in a cyclic process while avoiding formation of liquid 405 

water (thus avoiding growth of bacteria, fungi etc.) is another promising way forward for combined 406 

indoor temperature and humidity control.  407 
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