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Abstract— The present work compares constructional and 

operational features of heat and energy wheels in their 

effectiveness in removing heat or moisture from supply air. 

Heat wheels transfer sensible heat between two air streams 

available with different temperatures, while energy wheels 

transfer heat and moisture between two air streams with 

different temperature and water vapor concentration 

differences. Heat and energy wheels have high effectiveness 

values and low pressure drops, making them both economical 

and environmentally friendly. They can be used as an energy 

recovery device transfers sensible and latent heat between the 

exhaust and supply air streams of a building. 
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I. INTRODUCTION 

Indoor Air Quality of the conditioned air that circulates 

throughout the building space where we work and live i.e. the 

air we breathe during most of our lives to complete the 

requirement of the fresh air. IAQ refers not only to comfort, 

which is affected by temperature, humidity but also to 

harmful biological contaminants and chemicals present in the 

supply air to the conditioned room. In a conditioned room, 

percentage of fresh air is limited as with little or insufficient 

fresh air ventilation and it produces an indoor air environment 

with relatively high levels of contaminants, bacteria, fungi 

and dust which are present to the supply room air. The indoor 

air will have all of the pollutants of the outdoor or 

surrounding air and that are generated within the building by 

different occupants or people and their activities like 

smoking, hair sprays, cleaning products, paints and pesticides 

spray residues, carpeting, copy machines and air-

conditioning coolants. As a result, indoor air may contain 

concentration of some components which are greater than the 

outdoors ambient air leads to unhealthy atmosphere. The 

composite effect of multiple pollutants can seriously impact 

human respiratory systems leading to various short term and 

long term serious illness to the occupants [1-3]. 

 While maintaining indoor air comfort by controlling 

the humidity levels in conditioned spaces. There are several 

methods for maintaining humidity levels in buildings. The 

two main methods are using outdoor fresh air ventilation and 

the other by use of conventional mechanical cooling 

equipment. Outdoor ventilation is simply bringing fresh air 

from outdoors into the conditioned space. The problem with 

this method is that if the indoor air is too humid (above the 

upper maximum level humidity limits), and the outdoor air is 

also very humid there will be little or no moisture removal. 

For this reason, this method only works well in cold, dry 

climates. The other common method uses mechanical cooling 

equipment is to cool and dehumidify the supply air being 

delivered to the conditioned space. The supply air will be able 

to separate moisture from the cooling space. This solves the 

problem of only being able to use outdoor air in cold, dry 

climates. This method however, has very large operational 

costs, including initial costs of purchasing and installing 

equipment and energy costs to run the equipment. Since 

neither of these methods is optimal, recent research has 

suggested another method: using hygroscopic (desiccant) 

materials in the space to moderate humidity inside the room 

to the safe levels or limits [4-6]. 

 A hygroscopic material is one that can readily 

absorb moisture due to its natural affinity. Wood or a salt is 

an example of a natural hygroscopic material. In a building, 

the hygroscopic or desiccant material can be present in the 

walls and ceiling of a room, or in the furniture. If the air in a 

space is highly humid, the hygroscopic materials will absorb 

and store some of the moisture, reducing the humidity level 

in the space in especially hot and humid climates. If that space 

later on becomes too dry, the hygroscopic material will 

release the moisture back into the space increasing the 

humidity level of the space. In this manner, hygroscopic 

materials help to control the humidity level within a 

conditioned space [7]. 

 Adsorption is defined as the ability of a solid 

desiccant to selectively adsorb certain compounds along with 

water vapor, was widely used in the field of clean energy and 

the environment, such as bio-gas cleanups, greenhouse gas 

capture, desulfurization and denitrogenation for ultraclean 

transportation fuels, water purification, etc. other lot many 

applications. Depending on the natural physical, biological, 

and or chemical properties of the targeted contaminants, 

namely, adsorbates, functional adsorbents can be designed for 

the selective removal or separation of adsorbates. One merit 

of adsorptive dehumidification is that it is able to selectively 

remove excess humidity moisture from supply room air over 

a solid regenerable adsorbent under hot and humid ambient 

conditions. In addition, sorbent functionality can be tuned for 

different separation systems—that is, air with high and low 

moisture contents—for various other applications [8,9]. 

II. WORKING PRINCIPLE OF HEAT WHEEL & ENERGY WHEEL 

Heat wheels, as the name implies, are rotating heat 

exchangers that transfer heat between two different supply 

process air streams (Fig. 1). Energy wheels are very similar 

to the heat wheels except that they are designed to transfer 

moisture or water content, as well as heat, between the two 

air streams. They are called energy wheels (and sometimes 

enthalpy wheels or desiccant-coated heat wheels) because 

they convey sensible energy that results from temperature 

differences across the two process air streams and latent 

energy that results from water vapor concentration 

differences between the two process air streams. Heat and 

energy wheels together are gaining marvelous popularity in 

building heating, ventilating, and air conditioning (HVAC) 

systems mainly because of their very high value of energy 

transfer effectiveness’s. Heat/energy wheels are made of 

variety of different materials for heat transfer, with desiccants 

utilized for moisture transfer between two supply air streams. 

The present paper describes the construction and working or 

operation of heat/energy wheels, as well as their effectiveness 

in transferring heat and moisture between two process air 
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streams. Economic and environmental issues are also 

presented [10]. 

 
Fig. 1: Schematic of Working of Heat Wheel 

 Heat wheels are rotating exchangers that transfer 

sensible heat between two air streams with different 

temperatures. These wheels have been used for half a century 

in gas turbine plants and electrical power generating stations 

to recover thermal or heat energy from the exhaust gases and 

preheat inlet combustible air, thus increasing the overall plant 

thermal efficiency to ameliorate overall performance of the 

plant. Typical rotating speeds are in the order of 22-32 

revolutions per minute (rpm). 

 Energy wheels transport both heat and moisture 

between two process air streams as shown in Fig. 2. They 

have more recently been developed for transferring heat and 

moisture between buildings’ supply and exhaust air streams. 

Their market share was increased predominantly in the last 

decade, and energy wheels make up over half of all new air-

to-air heat/energy exchangers installed in buildings. Their 

popularity can be attributed to increases in required outdoor 

ventilation rates in the late decades of 1980’s and a recent 

emphasis on ameliorating worker productivity and health by 

improving the room thermal comfort and indoor air quality 

conditions in buildings where humidity is a key variable. 

After standard ventilation rates were sharply decreased to 

reduce energy use in buildings in 1978, the number of 

buildings with their indoor air quality problems resulting 

from high indoor air concentrations of contaminants 

increased significantly. Inadequate mechanical ventilation for 

providing the fresh outdoor air to the new air-tight buildings, 

constructed in between the 1970’s and 1980’s, led to many 

new and unforeseen indoor air quality problems for better 

health of occupants. Because of this, later on the most 

industrial countries revised their ventilation standards for 

conditioned air to the building to include higher outdoor 

ventilation air flow rates to maintain acceptable indoor air 

quality for a wide range of building types and spaces. In terms 

of improved productivity, it has been estimated that the 

annual benefit would be in terms of millions of billion if all 

buildings were upgraded to meet revised ventilation 

standards. The average economic payback time is expected to 

be 1.6 years [11-15]. 

 
Fig. 2. Difference in Working of Heat Wheel & Energy Wheel 

 A common matrix arrangement in energy wheel is 

where the matrix material is corrugated to form small flow 

channels having different shapes such as triangular or 

hexagonal etc. These small flow channels result in a large 

surface area for heat and mass transfer. The effectiveness of 

heat/energy exchangers is majorly dependent on the 

heat/mass transfer surface area—the larger the surface area, 

the greater the effectiveness. So, heat/energy wheels are 

characterized by high heat and moisture transfer 

effectivenesses because of their high heat transfer surface 

area to volume ratios (P/R ratio), which result from these 

small flow channels. Commercial heat/energy wheels often 

have heat/mass transfer surface area to volume ratios of about 

1000-5000 m2/m3. This means that for each cubic meter of 

exchanger, there are 1000-5000 m2 of surface available to 

transfer heat and moisture. The net result is that it is possible 

to transfer a lot of energy with very compact wheels in 

various applications. The adsorption capacity, regeneration 

temperature, textural properties etc. of the various adsorbents 

used as desiccant material in rotary dehumidifiers can be 

tabulated as follows Table 1. In typical rotary desiccant 

dehumidifiers, the optimal operating parameters are rotation 

speed of 10–30 cycles per hr, wheel thickness of 10–30 cm, 

face velocity of 1–3m/s, and regeneration temperature of 80–

150°C. From the viewpoint of selecting the different 

desiccant materials, adsorbents played an important role in 

the rotary desiccant humidifier, and the adsorbents design has 

received much attention. To design efficient adsorbents, the 

challenges or critical issues to be overcome include (1) 

effective adsorbents for air dehumidification under different 

ambient environmental conditions, which essentially requires 

adsorbents with high adsorption capacity and selectivity, also 
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at a low cost. In addition, other adsorption parameters, such 

as the adsorption isotherm shape, heat of adsorption, thermal 

capacity, moisture diffusivity, and adsorption isotherm 

hysteresis, are of great importance for the adsorbent design. 

Depending on the air humidity, the key requirements for the 

adsorbents are different. (2) Second vital parameter for the 

selection of proper adsorbent is regenerability and lifetime, 

which may be affected by the material stability, such as 

mechanical, thermal, and hydrothermal stability. In the case 

of unstable adsorbents, losses of active sites occur during 

high regeneration temperature, which causes a decrease in the 

adsorption capacity after few regeneration cycles. (3) Energy 

consumption is a great concern for air dehumidification 

technology. Theoretically, evaporating 1 kg of water requires 

2,100–2,800 kJ of heat at standard conditions, and the 

practical energy requirement for dehumidification is much 

greater. For example, the unit energy consumption for 

continuous wood drying is around 3,100–4,200 kJ/kg, 

sometimes requiring as high as 5,200–8,400 kJ/kg [16-19]. 

Type of 

Desiccant 

material 

Adsorption capacity 

(g-H2O/g-adsorbant) 
Textural properties 

Regeneration temperature 

(°C) 

Silica gel 0.08-0.36 2-10 nm 80-150 

Zeolite 0.02-0.30 - 250-350 

Al2O3-Sio2 Composite 0.19 2 nm 160-280 

Aluminium pillared clay 0.21 - 70-80 

Activated 

Carbon 
0.18-0.29 2 nm 70 

Silicon Aluminium Phosphate 0.34 - 70-120 

Starch based polysa- 

ccharide adsorbent 
0.17 - 50-80 

Table 1: Comparison of Various Desiccant Materials in Energy Wheels 

 Adsorbent regeneration is one of the main energy-

intensive processes in the dehumidifier, and the regeneration 

temperature of the adsorbent can predominantly affect the 

total energy consumption of the dehumidifier for reactivation. 

So, the regeneration temperature was chosen as a parameter 

to evaluate the intensity of energy consumption. If the 

required regeneration temperature is comparatively low, 

renewable solar energy, industrial waste heat and other low-

grade heat sources, such as district heat, local waste heat, etc., 

can be readily utilized for the regeneration process. Thus, a 

low regeneration temperature is demanded for an energy-

efficient dehumidification process. To sum up, the adsorbent 

with tailored adsorption characteristics including high 

adsorption capacity, selectivity, regenerability, and high 

energy efficiency for air dehumidification are important [20]. 

 It is but natural that the costs and environmental 

impacts of energy consumption have dictated that 

improvements in productivity, health, comfort, and indoor air 

quality should be achieved with minimal energy 

consumption, and energy wheels have been favoured because 

the energy associated with moisture transfer (humidification 

or dehumidification) in maintaining the thermal comfort in 

the modern building applications is often as important as heat 

transfer, especially in warm, moist or humid ambient 

conditions. The importance of moisture transfer is evident 

when the cooling of moist air is considered. For example, the 

ideal cooling of air from 34°C and 58% relative humidity 

(RH) to 26°C and 52% RH requires four times as much 

energy as cooling air from 34 to 26°C with no change in 

moisture level (i.e., humidity ratio). Moisture transfer in air-

to-air energy wheels can significantly reduce the 

dehumidification and humidification loads of buildings. This 

reduces the energy consumption, as well as the size of the 

cooling equipment needed in the modern building air-

conditioning [21]. 

III. PERFORMANCE PARAMETERS 

Effectiveness of heat or energy wheel is the most important 

parameter for quantifying the performance of energy 

exchangers. It is the prime factor that determines the 

economic viability or feasibility of an energy or heat 

exchanger. Since the inlet operating conditions (temperature, 

humidity, and pressure and air flow rate) usually change quite 

slowly in typical cooling and other industrial applications, the 

effectiveness, determined at steady-state test conditions, is 

used to characterize the performance of energy exchangers. 

The effectiveness can be measured using steady-state or 

transient test methods but care must be taken to ensure that 

the uncertainty in the reported effectiveness value is low. The 

following equations define the three different effectiveness 

values for heat/energy wheels, which can range from 50 to 

85% for commercial wheels [22-26]. 

The sensible effectiveness for heat or energy wheel can be 

given as follows 

 
Effectiveness while transferring moisture in energy wheel can 

be given as following 

 
Total energy transfer effectiveness in case of any energy 

wheel can be given as following 
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IV. CONCLUSIONS 

Heat wheels are rotating heat exchangers that transfer heat 

between two air streams for different thermo-fluid 

applications. They are found in thermal power plants and the 

HVAC systems of building air-conditioning. Energy wheels 

are also rotating exchangers, but transfer both heat and 

moisture between two air streams and are mainly found in 

HVAC systems. Heat/energy wheels are distinguished from 

other air-to-air heat/energy exchangers because of their high 

effectiveness values and large internal surface areas. When 

properly applied, heat/energy wheels are cost-effective and 

reduce energy consumption and environmental impacts while 

transferring heat or moisture between air streams. The 

heat/energy wheels have approximately one year payback 

period, while in the retrofit of existing buildings, the payback 

period will be a little longer (e.g., two to four years). In nearly 

all cases, the total life cycle costs will be lower when 

heat/energy wheels are applied to the different applications. 

The reduction in life cycle costs may be in the order of 25%-

50% and the energy savings may exceed the capital costs of 

the exchanger by an order of magnitude. An additional 

benefit of heat/energy wheels is that they generally have a 

positive impact on the environment because they reduce 

energy consumption and the harmful emissions associated 

with energy production. 

V. NOMENCLATURES 

 ε: Effectiveness 

 T: Temperature [K] 

 m: Mass flow rate of air [kg/hr] 

 h: Enthalpy [kJ/kg] 

 W: Moisture content [gm/kgda] 

 DBT: Dry Bulb Temperature [K] 

 WBT: Wet Bulb Temperature [K] 
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