
 
STATEMENT 
 
Analysis and experimental comparison of the performance of energy recovery ventilation 
based on Latent Heat PumpTM concept 
 
 
The rationale of the experiments 
 

Latent Heat PumpTM (LHP) is a novel product designed for ventilation of the living rooms, 
offices and other dwellings where indoor air quality is of importance. It differs from a 
conventional ventilation system by its ability to recover some energy and to prevent 
escaping of this thermal energy into environment (in winter) or passing the excess heat into 
the room (in summer). This will provide a substantial contribution against global warming 
(40-45% of the heating losses in buildings is due to ventilation – “open windows”) and 
savings of energy (decreased need for heating and cooling). 
The performance of the LHP is based on the specific amount of energy stored and further 
released in a regenerative cycle. Many parameters affect this performance, in particular 
climate zone, air flow rate required, thermal load for the dwellings etc. To make a 
comparison of the device efficiency and its potential, different testing procedures are 
needed.  
In this study the parameters of the operation of the LHP unit measured in Helsinki 
University of Technology (TKK), Espoo, Finland have been compared with independent 
measuring data made in Norway and Japan. Thermal performance, efficiency and costs 
saving have been estimated. 

 
The objectives of the testing 
 

The goal of the testing is to measure temperatures and humidities of four air flows (Fig. 1), 
where fresh air and return air properties are normally fixed, and supply and exhaust air 
varied due to internal heat and humidity balance of the unit. There are some oscillations in 
all these variables (in particularly relative humidity is very sensitive to both temperature 
differences and pressure drops), so average values are being used over some time (normally 
a few hours). The logging is being made to a computer system or a data logger. 

 
Terminology used in this statement 
 

Definition of efficiency: there are different interpretations of “heat recovery efficiency”, 
depending of which system losses one takes into account. The efficiency of the heat 
exchanger alone (illustrated below as shaded inner diamond) is higher than the recovery 
efficiency of the ventilation system as a whole, as it ignores the effect of system losses such 
as fan power or casing air leakages, etc, but it is of no practical interest. For the purposes of 
product documentation for heat recovery units, the ventilation unit heat recovery efficiency 
takes into account the losses attributable only to the ventilation unit plus the fan energy 
required for a typical ductwork layout.  
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Fig. 1. The general flow of thermal and electrical power in regenerative ventilation system (Nordic 

test protocol). In all the tests leaks (PL variables) were found negligible and only thermal flows 
(return – indoor air, exhaust – air being returned to the environment, supply – air supplied to the 

indoors and fresh – outdoor air) and electricity for running the system, have been considered. 
 
 

If the ductwork is sufficiently airtight (EUROVENT Class C or better, as shown in the 
Nordic test protocol) and is well insulated, then the duct losses can be negated, in which 
case the ventilation unit and ventilation system heat recovery efficiencies are fortuitously 
roughly the same. 
In all the tests considered in this study, no ventilation system losses are measured so the 
performance of the unit itself is compared. Several formulas are being used for the unit 
efficiency, of which the most common are thermal and total efficiencies (ASHRAE or JIS 
standards): 
 

Thermal efficiency = (Fresh air T – Supply air T) / (Fresh air T – Return air T) 
 

Total efficiency = (Fresh air H – Supply air H) / (Fresh air H – Return air H) 
 
where T is the absolute temperature of the air flow in question, H = (CA+ w·CV)·T + w·L is 
the total enthalpy of humid air, CA – dry air heat capacity (~1006 J/kg·K), CV – water vapor 
heat capacity (~1805 J/kg·K), w – water mixing ratio, kg/kg dry air, L – latent heat of 
vaporisation of water (~2501000 J/kg·K). These formulas were also used in these tests, 
however, one may recognize that when fresh and return air temperatures are too close, the 
resulting efficiency may go over 100%. If both temperatures are equal, efficiency will be 
infinite, which of course does not reflect the true situation. In these tests additional 
definition for thermodynamic efficiency was used, which does not have this drawback: 
 

Thermodynamic efficiency = COP / (1 + COP). 
 

For example coefficient of performance (COP, see below) of 3 for a heat pump means that 1 
W of electrical power is needed to pump 3 W of heat away and thus thermodynamic 
efficiency of the heat pump is 3/(1+3) = 75%. 

 
Definition of COP: Coefficient of performance (unitless) is a measure of efficiency. The 
COP of a traditional heat pump is determined by dividing the energy output of the heat 
pump in W by the electrical energy in W needed to run the heat pump. The higher the COP, 
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the more efficient the heat pump is. For example resistive heat has a COP = 1 (this means 
electrical power of 100 W is totally converted into heat flow of 100 W). 
In the case of air conditioner or a refrigerator COP is defined as the ratio of cold power 
delivered to electrical power used (mostly for compressor work):  

 
COP = [Heat power transferred] / [Compressor work rate] 

 
Fan power is not normally counted because air conditioner compressor is the major power 
user. For LHP there is no compressor and fan is the main power user. Thus in these tests 
COP for LHP is defined as  
 

COPLHP = [Heat or cold recovered] / [Fan electric energy used] 
 
It is necessary to note that “heat pump” does not cool but just transfer heat from one (cooler) 
place to another (hotter), using an additional work, and thus heat transferred plus 
compressor work converted into excess heat, must be dissipated at condenser side (this is 
very typical for Peltier coolers and refrigerators, not may not be obvious for air conditioners, 
because the user does not typically “see” lost power on the outer side on the house). The 
amount of heat to be dissipated is: 
 

[Heat released]A/C = [Heat power transferred] · [1 + 1/COP] 
 
where it is taken into account that electricity used for compressor is finally converted into 
heat and removed away into environment. To make this process efficient, temperature of 
condenser must be even higher than fresh air temperature. 
 
SEER definition: the efficiency of air conditioners is often rated by the Seasonal Energy 
Efficiency Ratio (SEER) as defined by the Air Conditioning And Refrigeration Institute in 
its standard 210/240 Performance Rating of Unitary Air-Conditioning and Air-Source Heat 
Pump Equipment (2006). The higher the SEER rating of a unit, the more energy efficient it 
is. The SEER rating is the Btu of cooling output during a typical cooling-season divided by 
the total electric energy input in watt-hours (W·h) during the same period:  

SEER = BTU / W·h 
 

Formally, the same formula may be used for winter season when thermal energy is that 
which is supplied for heating. SEER depends on the geographic region. In these tests 
“instant” SEER was calculated for every test case, i.e. assuming that these conditions are 
valid through the whole summer or winter season.  
 
Latent Heat PumpTM definition: the term “heat pump” is being widely used to designate a 
device which “pumps” heat from cold to hot place, against normal heat transfer direction 
(from hot to cold). Thus a heat pump must work against heat transfer which requires some 
additional energy. Typical heat pumps are refrigerators, air conditioners, etc. They are only 
efficient if the volume being cooled is small and the required temperature difference is 
small. Thus, opening a refrigerator door will cause it to work continuously, dissipating 
excess heat on the back side condenser. 
As a heat pump, air conditioner cannot simultaneously operate as a ventilator, because the 
dwelling must be closed from the environment. Fresh air supply through air conditioner 
(ventilation mode) is only possible where no cooling is taking place (resistive heating can be 
used in winter). However, since there is no possibility to capture heat from the return indoor 
air, this heat is lost. In summer, during air conditioning, excess water collected on the 
evaporator is drained away and its heat is also lost (~2.5 MJ/kg). 
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To avoid confusion, a comparison between “heat pump” and “latent heat pump” is shown in 
the table below: 

 
 Heat pump Latent heat pump 

Typical example Air conditioner, kitchen refrigerator Enthalpy recovery ventilation 
Working principle Moving heat from cold to hot place 

(cooling) 
Preventing heat/cold going to 

cold/hot place 
Working media Gas refrigerant (Freon, ammonia) None (all solid state) 
Compressor required Yes No 
Condenser required Yes No 
Evaporator required Yes No 
COP definition Cold delivered / compressor work Cold(heat) trapped / fan work 
Maximal COP achieved  at minimal temperature difference at maximal temperature difference 
Humidity recovery No Yes 
Water enthalpy recovery No Yes 
Winter operation  Poor (freezing, low COP) Excellent 
Typical electricity 
demand for a room 

2-5 kW < 0.4 kW 

Simultaneous ventilation No Yes 
Maintenance / disposal Professional / Problem waste Electrician / Normal waste 
Cleaning period Annually 1-2 times 1-2 times per 5-10 years 

 
Testing results 
 

Tests have been performed at three different places, in Oslo (by SINTEF, tests “S”), in 
Tokyo (by Yamatake Corp., Tokyo, tests “JIS”) and in Espoo (by Helsinki University of 
Technology, tests “TKK”). In all the cases similar units were tested but running on different 
air flow and fan power levels. Some test cases required additional input of water vapor to 
maintain higher or lower humidity levels for testing purposes. Testing conditions, equipment 
and methodology used are available on request. Test data from Japan and Norway have been 
received via Acvio Co., tests in TKK have been made in this study in the lab. The base for 
testing conditions based on different temperatures and humidities was chosen for winter (W) 
and summer (S) seasons in Japan, Norway and USA conditions, as shown in Table 1 (data in 
SI units available on request). The average pressure drop of the unit was ~2 p/ft2 and the 
total air pressure was ~2090 p/ft2 as normal atmospheric conditions. 
 
For these experimental data, the following values have been calculated using standard 
HVAC procedures and formulas: 
• Absolute air temperature 
• Water vapor saturated pressure 
• Water vapor real pressure 
• Water/air mixing ratio 
• Dew point temperature 
• Virtual air temperature 
• Density of wet and dry air 
• Sensible specific heat of humid air 
• Total specific heat of humid air 
• Differences between temperatures, mixing ratios and total enthalpies of fresh (F) and 

supply (S), exhaust (E) and return (R) air flows 
• Thermal heat flow of F, S, R and E air  
• Amount of heat flow and heat recovered due to LHP  
• Coefficient of performance (COP) for power (heat flow) recovery 
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• Thermal, total and thermodynamic efficiency of the heat recovery 
• Instant seasonal energy efficiency ratio (SEER) 
• Costs savings for energy recovery for winter (W) and summer (S) seasons 
 
Table 1. Testing conditions for LHP shown for fresh outdoor (F), supply (S), indoor return (R) and 
exhaust (E) air flows. For S-xxx test cases (Oslo) exhaust air temperature and humidity were 
estimated by the balance, all other values were experimentally measured. Exhaust air data are not 
used in the calculations. 

 
Temperatures, °F Relative humidity, % Base for testing Test 

Case 
Test 
place F S R E F S R E 

Air flow 
cfm 

Power 
BTU/h Site Season 

JIS-1 Tokyo 24.8 60.8 68.0 47.3 68 37 45 76 190.1 737.7 Tokyo W 
JIS-2 Tokyo 43.5 69.3 68.0 59.0 82 46 52 80 190.1 737.7 Osaka W 
JIS-3 Tokyo 95.0 87.8 82.4 91.4 50 47 46 38 192.5 737.7 Tokyo S 
S-6 Oslo 110.8 86.0 70.9 95.4 74 100 35 44 117.7 556.7 Miami S 
S-7 Oslo 109.2 83.8 79.3 96.3 55 87 35 50 117.7 556.7 Miami S 
S-8 Oslo 107.1 84.4 79.2 95.9 50 78 35 20 117.7 556.7 Miami S 
S-9 Oslo 105.6 84.4 79.2 95.0 42 62 34 22 117.7 556.7 Miami S 
S-10 Oslo 113.2 84.7 72.3 96.8 77 100 36 9 117.7 556.7 Miami S 
S-11 Oslo 112.3 83.1 76.6 98.2 58 100 35 19 117.7 556.7 Miami S 
S-12 Oslo 106.7 79.7 74.3 93.7 45 79 34 8 117.7 556.7 Miami S 
S-13 Oslo 111.0 82.6 77.5 97.3 41 78 34 5 117.7 556.7 Miami S 
S-14 Oslo 92.8 75.4 72.9 86.4 73 88 26 31 29.4 143.4 Miami S 
S-15 Oslo 94.5 77.5 73.8 87.8 69 88 27 29 29.4 143.4 Miami S 
S-16 Oslo 93.9 76.3 73.4 87.1 63 80 26 12 29.4 143.4 Miami S 
S-17 Oslo 97.0 77.7 73.9 89.6 60 80 27 30 29.4 143.4 Miami S 
S-18 Oslo 94.8 77.9 73.9 88.0 59 77 27 28 29.4 143.4 Miami S 
S-19 Oslo 93.6 77.7 73.4 86.9 51 66 26 22 29.4 143.4 Miami S 
S-20 Oslo 92.3 78.1 72.7 85.5 62 71 52 39 29.4 143.4 Miami S 
S-21 Oslo 93.2 76.6 69.4 84.7 61 74 64 45 29.4 143.4 Miami S 
S-22 Oslo 96.4 75.6 69.6 86.9 57 76 65 43 29.4 143.4 Miami S 
S-1 Oslo 32.9 65.7 74.5 49.3 50 20 26 61 117.7 553.3 Oslo W 
S-2 Oslo 34.5 64.0 70.9 50.7 50 17 23 20 117.7 553.3 Oslo W 
S-3 Oslo -0.6 57.9 72.5 30.6 80 24 24 36 117.7 553.3 Oslo W 
S-4 Oslo -6.7 54.3 68.7 25.3 80 27 27 44 117.7 553.3 Oslo W 
S-5 Oslo -10.5 54.9 71.8 27.5 80 54 43 100 117.7 553.3 Oslo W 
TKK-1 Espoo 100.0 77.5 64.8 83.3 14 26.5 23 17.2 103.0 399.6 Nevada S 
TKK-2 Espoo 95.0 75.2 65.7 80.6 16 26 20 16 103.0 399.6 Nevada S 
TKK-3 Espoo 97.7 76.5 69.1 80.6 12 22.3 22 15 103.0 399.6 Nevada S 

 
The efficiencies and calculated SEER are shown in Table 2. One may see that in some cases 
(JIS-2) thermal efficiency by ASHRAE method is over 100% which means that data based 
solely on temperature differences can be misleading. 
For costs analysis, an assumption was made for 6 cold months (winter season) and 4 hot 
months (summer season), where heat recovery and cold recovery are respectively obtained. 
Outdoor and indoor parameters were assumed to be valid for at least 8 hours a day in each 
season. Two months were assumed to have outdoor conditions closed to indoor where no 
heat recovery is needed.  
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The costs of electricity was assumed constant of 0.12 €/kWh (53 $/MBTU), cost of 
centralized heating of 40 €/MWh (17.6 $/MBTU) and cost of air conditioning for cooling 
higher than for heating (for COP ~2.5 for an air conditioner, for comparison).  

 
Table 2. COP and efficiencies for the test done (Table 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The data of Table 2 are shown in Fig. 2 as function of the fresh air temperature. Thermal 
efficiency and calculated costs savings due to heat recovery are shown in Fig. 3 (winter) and 
Fig. 4 (summer). Because absolute values are difficult to compare, costs savings have been 
calculated as: 
 

Relative savings = [Power costs recovered LHP] / [Ventilation losses without LHP] 
 
where power losses for winter are difference between indoor and outdoor air enthalpies 
multiplied by air flow rate and costs of BTU/h for heating, and for summer are the same 
difference multiplied by (1 + 1/COP), i.e. heat released to the environment, plus electricity 
costs needed for compressor. In all the cases identical ventilation rate is assumed with or 
without LHP and thus cost of running fans (blowers) is not included because it is assumed 
identical whether with LHP or not. 

Efficiency (JIS and ASHRAE methods) Test Case COP 
thermal total thermodynamic 

Average SEER 

JIS-1 14.5 83 % 70 % 94 % 49.44 
JIS-2 10.9 105 % 95 % 92 % 37.05 
JIS-3 8.6 57 % 63 % 90 % 29.42 
S-6 24.9 62 % 47 % 96 % 84.96 
S-7 15.6 85 % 47 % 94 % 53.12 
S-8 11.9 81 % 43 % 92 % 40.55 
S-9 10.4 80 % 48 % 91 % 35.41 
S-10 33.1 70 % 56 % 97 % 112.97 
S-11 18.8 82 % 46 % 95 % 64.07 
S-12 12.5 83 % 47 % 93 % 42.61 
S-13 11.9 85 % 44 % 92 % 40.57 
S-14 12.9 87 % 47 % 93 % 44.09 
S-15 11.1 82 % 41 % 92 % 37.93 
S-16 11.0 86 % 45 % 92 % 37.57 
S-17 11.6 84 % 45 % 92 % 39.62 
S-18 9.6 81 % 41 % 91 % 32.70 
S-19 7.9 79 % 41 % 89 % 27.02 
S-20 9.7 72 % 55 % 91 % 33.09 
S-21 10.6 70 % 60 % 91 % 36.10 
S-22 12.4 78 % 66 % 93 % 42.32 
S-1 9.0 79 % 65 % 90 % 30.65 
S-2 7.3 81 % 66 % 88 % 24.86 
S-3 17.6 80 % 74 % 95 % 60.14 
S-4 18.7 81 % 75 % 95 % 64.02 
S-5 23.9 79 % 75 % 96 % 81.56 
TKK-1 6.5 64 % 49 % 87 % 22.13 
TKK-2 6.4 67 % 53 % 86 % 21.76 
TKK-3 5.9 74 % 64 % 86 % 20.30 
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Fig. 2. Coefficient of performance (COP) of power recovery and SEER vs. fresh air temperature. 
Values scatter is due to different humidity, air flow rates and indoor temperatures. When fresh 

(outdoor) air temperature is equal to indoor temperature, the COP is nearly zero (but positive due to 
humidity recovery in LHP). 
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Fig. 3. Thermal (ASHRAE/JIS standards) and thermodynamic (by COP) efficiencies of LHP in the 
tests (winter). Seasonal costs savings represent share due to prevention of heat loss relative to costs 

losses due to excess heating. 
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Fig. 4. Thermal (ASHRAE/JIS standards) and thermodynamic (by COP) efficiencies of LHP in the 
tests (summer). Seasonal costs savings represent share due to cold savings relative to costs losses 

due to excess cooling and power loss with evaporator (air conditioner). 
 

 
As follows from Fig. 3 and 4 LHP has demonstrated excellent performance in winter (the 
highest efficiencies and costs savings) and summer (high efficiencies, good costs savings). 
In winter (summer), the lowest (highest) outdoor air temperature normally leads to the 
highest COP and SEER (Fig. 2), although absolute values of supply air temperature and 
humidity of course will be different. This is quite opposite to conventional “heat pumps” 
where COP is the lowest for winter.  
 
In the case of LHP, COP depends not only on fresh air temperature but also on humidity 
(Fig. 5). If the fresh air (outdoors) and return air (indoors) have the same or close 
temperatures and humidities, no heat recovery naturally taking place and LHP will work as a 
conventional ventilator with zero COP of power recovery. In this case, however, room does 
not normally need any excess heating or cooling so in this sense there are no power losses 
associated with ventilation. Similar picture may be obtained for thermodynamic efficiency, 
which is directly related to COP (Fig. 6). The average results for these test cases are shown 
in Table 3. 
 
The energy savings must be recalculated in every application case, since a heat reclaim unit 
can affect (a) ventilation heat loss, (b) infiltration heat loss (due to a change in pressure 
conditions), and (c) heating energy costs (e.g. an air-to-air heat pump can displace some of 
the space heating demand). All three components must be in principle calculated: total 
energy consumption, consumption due to conduction heat loss through the building 
envelope, total energy consumption due to adventitious infiltration/exfiltration and total 
energy consumption due to deliberate ventilation (e.g. Nordic standard NS-EN 832) using 
real hourly meteorological data. 
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Fig. 5. Coefficient of performance for thermal recovery (interpolated from experimental data of the 
tests). Zone in the middle corresponds to equal fresh and indoor air conditions when no heat flux 

exists between outdoor and indoor (no need for energy recovery, then COP is zero). 
 
 
 

 
 

Fig. 6. Thermodynamic efficiency of the energy recovery of LHP (interpolation for tests results). 
Central zone corresponds to lowest COP of Fig. 5, when no energy recovery is needed. 
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Table 3. Summary results of the tests 
 

Climate area Season COP Thermal efficiency Power savings Cost savings 
Tokyo W 12.7 94 % 83 % 83 % 
Osaka S 8.6 57 % 74 % 45 % 
Miami S 13.9 79 % 63 % 39 % 
Oslo W 15.3 80 % 71 % 71 % 

Nevada S 6.3 68 % 68 % 42 % 
 

The indoor conditions can be a comfort temperature of 22°C and a water vapor production 
rate as suggested by Sanders (Sanders, C. Heat, Air and Moisture Transfer in Insulated 
Envelope Parts, Final Report, Vol.2: Task 2 – Environmental Conditions. IEA Energy 
Conservation in Buildings and Community Systems Programme, Annex 24. 1996): 
 
 
 
 
 
 
 
 
 
 
The average for all three countries, assuming 3½ people, is 8.79 kg/day. For a living house 
of 1000 sq. feet this means additional humidity source of ~1 g/ft3 which must be accounted 
for return air conditions, also as peak loads (this was not possible to do in the present study). 
 
 

CONCLUSIONS 
 

1. LHP devices have been tested in three different laboratories in three countries for 
different conditions. The LHP has demonstrated average COP values of 14±7 (winter) 
and 13±7 for summer, even exceeding COP = 25…30 in some cases.  

2. Thermal efficiency by only temperature differences (ASHRAE / JIS) is the highest in 
winter (80-100%) and rather high in summer (57-80%). In all cases power savings are as 
average 70-80% of the losses due to straight (non-recovery) ventilation and air 
conditioning, resulting in 40-80% of costs savings per respective season (higher in 
winter than in summer). 

3. The tests data suggest the best application conditions for this LHP device are climate 
zones with longer winter season (north) and hot and humid summer (tropical and seaside 
areas), where power recovery COP values may reach 30…33, thermal efficiency 85-
100% and power savings 75-95% of normal ventilation or air conditioning losses. LHP 
also allows proper humidity recovery. 

4. LHP in all cases provide necessary fresh air supply as required for building norms and 
standards and (unlike air conditioning) does not require closing of the dwelling for its 
work. LHP has no compressor, evaporator, condenser, and harmful or dangerous 
substances. Because its work is based on latent heat recovery (without mass transfer) and 
on prevention of the heat/cold move instead of “heat pumping”, the power demand for 
LHP operation is much less than for air conditioners and compatible with conventional 
ventilation system. 

5.  LHP can be tailored for either of the climate zone to optimize heat transfer and enthalpy 
recovery for local weather seasons. The analysis made was based on the standard 

Humidity origin/source UK DENMARK USA units 
Respiration 1.20 0.90 1.25 kg/day/person 
Cooking for 4 people, electric 2.00 0.90 1.20 kg/day 
Dishwashing 0.40 0.40 0.50 kg/day 
Bathing/washing 0.20 0.40 0.25 kg/day/person 
Washing clothes in unsealed washer 0.50 0.00 0.00 kg/day 
Drying clothes 1.50 1.80 2.20 kg/day 
Washing floors etc. 0.00 0.20 0.00 kg/day 
Plants 0.00 0.02 0.05 kg/day 
TOTAL (assuming 3½ people) 9.30 7.87 9.20 kg/day 






