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Abstract. Using of energy is increasing specially in the last few decades. This increasing have 

many impacts on the energy sources and environment. Heating, ventilation, and air conditioning 

systems (HVACs) consume about 50% of building energy use, so governments are working hard 

in order to develop into sustainable energy. Because of building that are airtight, ventilation is 

very important in order to improve the indoor air quality and living environment. Designing and 

installing a heat recovery ventilation system will enter fresh air and improve the indoor air. In 

this paper we will give the design properties of air-to-air membrane enthalpy exchangers heat 

exchanger which is the main part of heat recovery ventilator system.  In order to improve the 

performance of that heat exchanger we should take into consideration the properties for 

membrane distillation include pore size, moisture diffusivity, selectivity, modulus of elasticity, 

thermal conductivity and tortuosity factor. As a result, developing new membrane designs, 

utilizing novel flow configurations, designing new channel layouts, and incorporating inserts in 

the channels are various techniques to enhance the performance of MEEs. 

1.  Introduction 

The fast growth in the world’s energy use has raised concerns about supply difficulties, energy depletion, 

and serious environmental impacts [1]. Climate change and ozone layer depletion are some of the key 

issues that people have had to deal with [2]. Based on some literature, building energy consumption, 

including its operation and maintenance, currently accounts for 40% of the total global energy demand 

[3, 4]. More so, heating, ventilation, and air conditioning systems (HVACs) are estimated to consume 

40–60% of a building’s energy consumption, a value that varies with the climate [2]. At the same time, 

this consumption of energy causes a large amount of greenhouse gas emissions, such as the emission of 

carbon dioxide (CO2). It is estimated that non-stop rises in carbon dioxide emissions will lead to major 

climate change [5]. Consequently, governments are putting in place policies to develop energy-saving 

and eco-friendly building technologies [6].  

Generality of today’s houses are built to be airtight. While this provides a better control over indoor 

temperature and particulates such as dust and pollen, proper ventilation is often neglected. This leads to 

a ventilation problem that most of the heating, (HVAC) contractors are needed to solve this problem. 

Ventilation is necessary for many different reasons such as negative pressure. This problem is in the 

airtight houses that have negative pressure due to the exhaust systems that suck the air from the house 

to the outside, that result a negative pressure. In addition to the indoor air pollutants, according to the 
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Mechanical ventilation is employed to improve the air quality in rooms, causing a loss of a large amount 

of heat with the exhaust air. One way to reduce energy consumption is to recover the heat energy 

contained in the exhaust air stream [10]. 

Designing and installing a heat recovery ventilation system (HRVS) assumes that fresh air and indoor 

air are ideally mixed if the flows stated in the guidelines are adopted. What actually takes place is that 

air is not renewed due to the various air inlets and outlets, increasing the amount of air to reach a 

minimum IAQ, resulting in an increase in the amount of energy consumed [10]. An additional rise in 

energy consumption results from the use of very efficient filters that remove dust particles, which are 

currently the main public problem [14].  

The use of energy in old buildings is continues and may also keep rising. For that, it is crucial to 

restructure these buildings to reduce energy use and CO2 emissions [15]. One option to address this 

issue is to install hybrid ventilation systems or decentralized facade ventilation [16, 17]. A study by 

Carlsson et al. [21] came to the conclusion that the combination of modernization consisting in sealing 

the building envelope and the use of the ventilation with the heat recovery can make up to a 78% 

reduction in total energy for space heating and up to 83% reduction in greenhouse gas emissions. The 

objective of this paper is to review the properties of MEE in order to design an efficient MEE that will 

be introduced in a heat recovery ventilation system.).    

2.  Literature review  

2.1.  Ventilation 

Ventilation is the mechanism through which clean air is introduced into a controlled space inside a 

building. In heating ventilation and air conditioning system (HVAC), ventilation is the key issue for 

providing indoor air quality (IAQ), while it is also responsible for energy consumption in buildings. 

Thus, improving ventilation systems is crucial not only in energy efficiency but also in increasing IAQ 

in homes [22], work environments and schools [23]. Ventilation is necessary to maintain minimum 

health conditions by keeping indoor air clean [24]. There is no doubt that building ventilation directly 

affects the IAQ, as literature has showed in various studies [25-27]. IAQ is a descriptor of the amount 

and the types of contaminants in the air [28]. Moreover, according to Ashrae definition, acceptable 

indoor air is when the concentration of pollutants in the air is not in an identified harmful level and the 

occupants don’t express dissatisfaction.  

 

Ventilation is the act of moving the outdoor air into a building or a room and then distribute it in the 

area. However, the ventilation process is like the lungs of the building, the main purpose of ventilation 

is to prepare a healthy air for people breathing. A lacking ventilation rate is related with health problems 

such as inflammation, communicable respiratory infections, asthma, allergies, and sick building 

syndrome (SBS) [27]. Thus, ventilation can be done by natural forces such as wind and thermal 

pressures, by opening window or by an artificial way through mechanical ventilation systems. There are 

different types of ventilation such as natural ventilation, mechanical ventilation, hybrid ventilation. 

On the other hand, mechanical ventilation system provides a more reliable, controllable, and comfortable 

means of ventilation than natural means and consumes energy.  

 

2.2.  Heat recovery 

Heat recovery is defined as a device working between two air sources at different 

temperatures, which transfers energy from one side to the other. That is, it works by preheating the 

arriving air to the interior through recycled waste heat. Currently, heat recovery systems can recover 

around 60–95% of waste energy, a very promising ration for future application [29].  The main four 

categories of heat recover system used in residential buildings are rotary wheel, membrane plate, heat 

pipe, and run-around systems. A typical heat recovery system in residential buildings is usually made 



 

 

 

 

 

 

of a heat exchanger core, a fresh air inlet and separate contaminated air exhaust outlet, and a fan, as 

shown in the demonstration (Fig 1) of Mardiana- Idayo et al [30] 

 
Figure 1 A typical heat recovery system in residential buildings 
 

Heat exchangers are a vital part of the heat recovery systems. The heat exchanger is an energy 

employment device with a wide usage in power engineering, petroleum refineries, food industries etc. 

[31-33]. 

3.  Design properties 

 

3.1.  Design of HRV system 

In order to design a heat exchanger there are many factors that must be taken into consideration 

to approach the needed results. The physical model of a membrane-based energy recovery 

ventilator for air conditioning includes supply and exhaust stream channels and a membrane, 

which is used instead of metal materials in total enthalpy exchangers and air-to-air heat 

exchangers.  The supply and exhaust airstreams flow along the channels and exchange heat and 

moisture in a counter-current flow arrangement.  

 

3.2.  Properties of membranes used in MEEs 

The effectiveness of a membrane distillation system relies on the characteristics of the 

membranes chosen. Essential membrane properties for membrane distillation include pore size,  

moisture diffusivity, selectivity, modulus of elasticity, thermal conductivity and tortuosity 

factor as stated in reference [35].   

 

3.3.  Pore size  

Liu defines pore size as the nominal diameter of membrane pores [35]. This characteristic 

impacts the membrane's structure and, as a result, the mechanism of moisture transfer through 

it [37]. Based on pore size, membranes can be divided into two categories: dense and porous. 

Dense membranes typically have a pore size of approximately 0.1 nm, whereas porous 



 

 

 

 

 

 

membranes have a pore size of around 0.1 μm [38]. A larger pore size can enhance a 

membrane's moisture exchange ability, but it also raises the risk of unwanted gases and 

contaminants passing through. Consequently, MEEs require membranes with appropriate pore 

sizes to prevent such issues.  

 

3.4.  Moisture diffusivity  

The most crucial property of the membranes utilized in MEEs is their moisture diffusivity, i.e. 

permeability. This term refers to the amount of moisture that diffuses through a unit surface 

area of the membrane per unit time [35]. Membranes with high moisture diffusivity permit 

water vapour to diffuse more quickly than those with low moisture diffusivity. The moisture 

diffusion resistance (MDR) is the inverse of the moisture diffusivity and indicates the 

membrane's ability to resist water vapour permeation. MDR accounts for 65-90% of the total 

moisture transfer resistance [40].  

 

3.5.  Selectivity 

The term selectivity refers to a membrane's capacity to transmit water vapour over other air 

components, as referenced in [35]. A high selectivity value indicates that the membrane 

primarily permits water vapour transfer while limiting cross-contamination with unwanted 

gases. Increasing the pore size of the membrane can lead to a reduction in selectivity, as noted 

in [46]. Since MEEs not only recover energy but also maintain indoor air quality at acceptable 

levels, it is crucial to employ membranes with high water vapour selectivity in these systems.  

 

3.6.  Modulus of elasticity 

The modulus of elasticity is a measure of the stress change to the strain change during elastic 

deformation [47]. In MEE design, the modulus of elasticity of the membrane is a critical 

parameter to minimize membrane deflection [41]. According to [48], membrane elasticity 

strongly affects the pressure drop in MEE channels. Differential pressure between adjacent 

channels can cause membrane deflection, which depends on both the thickness and modulus of 

elasticity, and high deflection can occur even with moderate pressure differences. Since MEE 

membranes are typically thin, high elastic modulus membranes are necessary to prevent 

significant deflection. A higher membrane elastic modulus leads to less flow misdistribution 

due to membrane deflection, resulting in more uniform convective heat/moisture transfer 

coefficients and better MEE performance [49].  

 

3.7.  Membrane surface wettability  

The measurement of water contact angle (WCA) is used to evaluate the surface wettability of a 

membrane. The primary function of membranes in MEEs is to separate air streams and facilitate 

the transfer of heat and moisture between them. The wetting behaviour of the membrane can 

affect the diffusion of water vapour through it. Generally, hydrophilic membranes are preferred 

for MEEs because they exhibit high water vapour permeability [50]. Membranes with 



 

 

 

 

 

 

hydrophilic properties contain chemical groups that attract water molecules [51]. 

Hydrophilicity can be achieved by using hydrophilic membranes such as Nafion, regenerated 

cellulose, and polyether sulfone (PES) [52]. Alternatively, hydrophobic membranes can be 

treated chemically, through processes such as fluorination, sulfonating, and block co-polymer 

formation [50], or physically, by coating the membrane surface or blending materials into the 

membrane matrix [52]. Physical treatment is preferred over chemical treatment as it is 

environmentally friendly, controllable, and generally less expensive. 

 

3.8.  Thermal conductivity  

The ability of a membrane to conductively transfer heat is reflected by its thermal conductivity. 

Typically, membranes used in MEEs have low thermal conductivity ranging from 0.12 to 0.33 

W/m.K [53, 54]].  

The tortuosity factor, which is the ratio of the length of the pathway through which water vapour 

diffuses in a porous membrane to the length of a straight pathway, determines the membrane's 

water vapour flux. A lower tortuosity factor leads to a higher water vapour flux. The pore 

geometry influences the value of the tortuosity factor, and there are various possibilities for the 

pore geometry of porous membranes. However, the value of the tortuosity factor is often 

assumed to be 2.0 [55]. 

 

3.9.  Tortuosity factor 

The tortuosity factor represents the ratio of the length of the path that water vapour diffuses 

through the porous membrane to the straight pathway's length [37]. If the tortuosity factor is 

lower, then the water vapour flux will be higher. The pore geometry determines the tortuosity 

factor, and there are various pore geometry possibilities for porous membranes. Nonetheless, 

the tortuosity factor value is often assumed to be 2.0 [55, 56]. 

 

3.10.   Membrane materials 

The choice of membrane materials has a significant impact on the performance of MEEs. In 

order to select the appropriate materials for a specific application, several parameters that 

directly or indirectly affect performance should be considered. These parameters include 

moisture diffusivity, water vapor selectivity, and mechanical properties [41]. A comparative 

study conducted by Liu et al.[57] investigated potential membrane materials for MEEs. The 

study found that structural properties such as pore size, porosity, and thickness were the most 

critical factors in membrane selection. Other factors, such as membrane hardness, durability, 

and cost, should also be taken into account. According to [57] several materials could be used 

in MEEs. However, paper and polymer are the two most commonly used materials for 

membrane fabrication in practice. 

4.  Conclusion  

In our study, we provide a comprehensive review of air-to-air membrane enthalpy exchangers 

(MEEs), covering various aspects such as membrane properties and materials. First, findings point that 

membrane properties play a crucial role in the membrane selection process. The MDR contributes 



 

 

 

 

 

 

significantly to the overall moisture transfer resistance, which can significantly impact the moisture 

permeation properties of the membrane and consequently affect the MEE's performance. As well, 

polymeric membranes are commonly used in MEEs due to their favourable moisture permeation 

properties and cost-effectiveness. The performance of MEEs can be influenced by operating parameters, 

flow patterns, membrane types, and operating modes. 

Various techniques have been explored to enhance the performance of MEEs, such as developing 

new membrane designs, utilizing novel flow configurations, designing new channel layouts, and 

incorporating inserts in the channels. The interplay of these techniques can significantly influence the 

overall MEE performance. Among these techniques, the counter flow configuration has demonstrated 

the best performance, albeit being challenging to construct due to the inlet and outlet ducts being on the 

same side. 
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