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Highlight 
Process for the cost reducing of green hydrogen through the production of cold using the recovered heat from 
the hydrogen production process. 
 
Abstract 
The energy transition is at the centre of research and development activities with the aim to fight against 
the effects of global warming. Today, renewable energies play a significant role in the electricity supply 
to the World and their use increases day after day. Because of the intermittency of a large-scale production 
system generates the need to develop clean energy storage systems. Hence, energy storage systems play is one 
of key elements in the energy transition. In this perspective, a green hydrogen is defined as an energy carrier 
thanks to its high energy density in relation to its negligible mass, not to mention its abundance in our 
environment, and its extraction, which does not contribute to any greenhouse gases. However, the production 
cost is not negligible. Hence, this work shows a numerical modelling of the heat balance from a green hydrogen 
production system using a thermal storage in a Metal Hydride (MH) tank for an electrification by Proton Exchange 
Membrane (PEM) fuel cell integrated into the production of heating, cooling and sanitary hot water (SHW) 
through the recovery of the heat released by the whole system combined with the technology of thermally 
activated cooling of an adsorber. This allows demonstrating that the green hydrogen can be an interesting 
solution according in the hydrogen production chain and in the tertiary sectors. 
 
Keywords 
thermal energy; green hydrogen; trigeneration; energy transition; cooling. 
 
Introduction 
A reduction of the world's energy consumption is one of the biggest challenges in the fight against the global 
warming. However, it is especially difficult with a continues grow of population [1] as it results in an increasing 
demand for energy. Hence, the research on the production and storage of clean energy is developing considerably
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to meet these demands. Therefore, to face these issues, the production of clean energy is growing on a large scale, 
especially through solar and wind system, leading to need for a development of clean storage systems. In the same 
strategy of sustainable development, reducing energy losses becomes essential. Therefore, the energy efficient 
techniques for the energy storage have been developed. Among them are the recovery of waste thermal energy 
in power plants to cover certain demands in heating and cooling.  
 
Air conditioning is responsible for almost 15% of the energy consumption today [2] and this percentage is expected 
to increase considerably by 2050 due to the advance of global warming [3]. Knowing that the most used 
technology is still the mechanical steam compression cycle, which contributes to greenhouse gases, it is important 
to develop novel solutions of a cold production using more sustainable systems. In this perspective, techniques 
of cogeneration and trigeneration were born and they found to be the most frequently used in hospitals, hotels 
and large public spaces. The combined cooling and heating and power systems (trigeneration) is a technique 
dating from the 80's, resulting from cogeneration, which itself has more than 110 years of maturity [4]. As can 
be seen in Figure 1 (a), trigeneration allows the recovery of waste heat from electricity production to produce heat 
and cooling. As presented by Baudry et al. [5], the building sector is the second largest consumer of energy 
in the World, far ahead of industry. Furthermore, the need for heating and cooling is relatively important 
and represents the most energy consuming part in the tertiary sector [6]. Therefore, a trigeneration using 
thermally activated cooling has been developed over time in several sectors [7]. 
 
Considering that the use of green hydrogen is one of the pillars of the energy transition nowadays [8] this article 
is focus on a trigeneration in the production of green hydrogen to obtain electricity. With the aim of enhancing 
green hydrogen in the second energy consumer sector through innovative solutions [9], this study takes into 
consideration all thermal losses of the production system (PEM electrolyser), storage MH and electrification (fuel 
cell) to cover the needs of SHW production, cooling and heating (Figure 1 (b)), by using the zig-zag configuration 
exchanger [10] with a better performance. A trigeneration demonstrates several advantages in hydrogen storage 
because the temperatures released in alkaline electrolysers can reach up to 160°C and in Proton Exchange 
Membrane (PEM) electrolysis, temperatures are between 60 and 80°C [11,12]. On the other hand, the High 
Temperature Electrolysis (HTE) allows achieving temperature as high as 200°C. The power-to-hydrogen-to-power 
cogeneration [13–15] integrated to the novel elements presented herein, the hydrogen as an energy vector 
in the energy transition can be considered for heating and cooling with a benefits for the energy sector 
and the environment [16]. 
 
The study conducted in this article shows the technological potential of systems based on green hydrogen. 
Notwithstanding, given the intermittency of renewable energy plants, a proper storage system is the “must”. 
Hence, several studies concerning the use of green hydrogen as a means of storage have emerged [17,18]. 
However, the major drawback in the use of green hydrogen is its cost of production. This work contributes 
to this challenge and shows that enough cooling and heating energy can be produced from the heat that normally 
would be lost from the power-to-hydrogen-to-power process. 
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Figure 1 (a) Trigeneration according to [16]. (b) green hydrogen production with integrated cooling and heating. 
 

Methods 
This work was made using the numerical modelling performed in Matlab R2013a software. MATLAB® 
is a programming platform designed for engineers and scientists to analyse and design systems and products. 
The heart of MATLAB is the MATLAB language, a matrix-based language allowing the most natural expression 
of computational mathematics. 
 
Results and discussion 
 
SWH-Cooling-Heating by green hydrogen heat wasted. 

a. Interest of thermally activated cooling in green hydrogen 
Green hydrogen technology is well known today and there is a variety of research on this topic [18–21]. 
The technologies in competition today are Alkaline and PEM [11]. In this study the PEM technology for 
the storage of green hydrogen is discussed. This technology is relatively easily adaptable to the intermittency 
of the voltage applied to its terminals; therefore, this solution can be used in case of renewable energies (solar 
and wind). As shown in Figure 1 (a), one of the important elements in the combined cooling heating and power 
or thermally activated cooling technology is the process of absorption and adsorption chiller or dehumidifier 
[22]. Absorption technology is widely used; however, adsorption has the advantage of operating at low 
temperatures, which is relatively suitable for this study as the temperature lost in a hydrogen production system 
with PEM technology are rather low. Hence, there is a considerable interest in the thermally activated cooling 
performed in the adsorption mode. Several works show that adsorption is a thermodynamic phenomenon 
suitable for low quantities of waste heat .[23,24] 

b. Description of the system. 
The proposed system, unlike to the previous one [13–15] is equipped with a thermal storage (metal hydride), 
which presents very interesting aspects in terms of thermal power [25], and an adsorber for a heating and cooling 
production. The main components, given in Figure 1 (b), used herein are: (5) the tubular heat exchanger 
to recover heat coming from the fuel cell through forced convection to stimulate cooling on the fuel cell side, (6) 
the adsorber containing the thermodynamic system, which produces cold, heat, SHW using the hot water coming 
from (5) or (3) and the cold water coming from the chiller. The proposed adsorber was selected according 
to the literature [26], and as shown in [23,24,27], the silica gel is an refrigerant fluid efficient in the adsorption 
of low temperature for trigeneration systems. The system contains the cooling module (7), which diffuse frigid 
air from the evaporator. The recovery of hot water from the condenser is given as (10). In the tube exchanger 
(8), the cold water circulates allowing the recovery of the heat coming from the electrolyser, which is modelled 
according to the characteristics given in the literature [28]. Such produced water can be directly used to cover 
the needs of domestic applications. In addition, an additional supply of hot water can be obtained from 
the MH/fuel cell. It is relevant to note that the storage of hydrogen in the MH tank generates a heat, which is  
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released during the storage (exothermic reaction). This heat can be used to boil water. The hydrogen storage 
allows to heat up water to about 65°C from (5), which is later superheated by an external heater to about 150°C 
and circulates around the MH tank and is used for a desorption (endothermic reaction). Furthermore, the system 
contains the supply of the electrolyser constituted by a hybrid system (PV solar – wind) (1), the electrolyser (2), 
the fuel cell (4), and the electrical consumption system (11). 
 
Thermal study. 

a. Fuel cell/electrolysis recovery. 
This part aims evaluating the water heating temperature at the adsorber inlet. A heat transfer by forced 
convection, to implicitly cool the fuel cell or the electrolyser, is proposed. The following assumptions, which are 
in agreement with those proposed in the literature [27,28], were made in this work:  
 

(1) 𝑅𝑒 = (𝜌 × 𝑣 × 𝐷ℎ)/𝜇  
 

(2) 𝑃𝑟 = (𝐶𝑝 × 𝜇)/ℷ  

 
(3) 𝑁𝑈

𝑣𝑎𝑝
= 𝐶. 𝑅𝑒

𝑣𝑎𝑝𝑛
× 𝑃𝑟

𝑣𝑎𝑝1/3
  

 
(4) NU

vap
(tur) = 0.023 × Re0.8 × Prn  

 
(5) 

NU
hw = 1.86 × (Re

hw × Pr
hw)

1

3 × (
D

L
)

1

3 × (
μ

μt

)0.14 
 

 
where: 
𝑁𝑢 - the Nusselt number; 
𝑃𝑟 - the Number of Prandtl; 
D - the hydraulic diameter; 
S and P - the section and the exchange perimeter, respectively; 
𝜇 - dynamic viscosity (kg/(m·s)); 
𝑅𝑒 - Reynolds number; 
Cp - the specific heat capacity (J/(kg·K)). 
 
Tables 1-3 summarise values used for the simulation. 

 
Table1. Specifications Adopted for The Simulation. Source: Author. 

 

Components Rating values 
 

𝐿𝑒(PCM) 1.8 m 

ℷ 𝑃𝐶𝑀  1.32 W/(m·K) 

v𝑎𝑖𝑟  0.1 m/s 

v𝑤𝑎𝑡𝑒𝑟  0.15 m/s 

𝜇 0.000891 kg/(m·s) 

𝜇𝑡 0.000404 kg/(m·s) 

L(coil) 2 m 

𝜌𝑤 997.63 kg/m3 

ℷ 𝑀𝐻 2 W/(m·K) 

ℷ 𝐻2 0.1815 W/(m·K) 

ℷ 𝐶𝑈  386 W/(m·K) 

ℷ 𝑊𝐴𝑇𝐸𝑅  0.6 W/(m·K) 

𝜇 0.000891 kg/(m·s) 

𝜇𝑡 0.000404 kg/(m·s) 
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The coefficients C and n in Figure 2 are determined according to equation (6), and 𝛾 is a coefficient as given in 
the literature [29]. 
   

(6) 𝛾 = 𝑆𝑝/𝐷  

 
 

 
Figure 2. Forced convection heat exchanger (C = 0.386; n = 0.592). Source: Author. 

 

Figure 2 represents the heat recovery mode on the electrolyser and fuel cell sides. The air extractor is used 
behind a coil. The coil and extractor assembly are fitted into a box to promote a heat transfer around the coil. 
The thermal power 𝜑 (W) can be calculated according to the following equations: 

 
(7) 𝜑 = ℎ × 𝑆 × ( 𝑇𝑓𝑢𝑒𝑙𝑐𝑒𝑙𝑙

− 𝑇𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒)  

 
(8) 

ℎ =
ℷ 𝑁𝑢

𝐷ℎ

 
 

 
(9) 𝐷ℎ =

4 𝑆

𝑃
   

 
(10) 

∆𝑇 =
(𝑇𝑓𝑢𝑒𝑙𝑐𝑒𝑙𝑙

− 𝑇𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒)

ln [(𝑇𝑤 − 𝑇𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒) − (𝑇𝑠𝑒𝑟𝑝𝑒𝑛𝑡𝑖𝑛𝑒 − 𝑇𝑓𝑢𝑒𝑙𝑐𝑒𝑙𝑙
)]

 
 

 
where: 
Dh - the hydraulic diameter (mm); 
𝑁𝑢 - the Nusselt number; 
𝑃𝑟 - is the Prandtl number;  
S - the section exchange (mm²); P the perimeter exchanger (m). 
 
The calculation of the outlet temperature can be expressed by the following equation: 
 

(11) 
𝑇𝑜𝑢𝑡 =

𝑇𝑖𝑛

𝑒
𝐾.𝐴

𝑚×̇ 𝐶𝑤

 
 

 
where:  
Cp and Cw - the specific heat capacities (J/K); 
�̇�  - the mass flow rate and k the thermal conductivity (W/(m·K)).  
The same principle of heat recover can be used on the electrolysis side.  
 

b. Heat recovery in the metal hydride (MH) tank  
As presented in Figure 1(b), the cold water recovers heat from the MH storage system presented in Figure 3. 
According to equation (12), during storage, a significant amount of heat is released by the adsorption (hydrogen 
storage). It is important to note that for a desorption, the amount of thermal energy supplied is equivalent 
because it is an endothermic reaction [20]. The proposed numerical mathematical model is based on the 

calculation models of heat exchanger and heat transfer as given in the literature [29,30]. For this model, 
a transfer by conduction through MH - PCM wall - coil – water can be considered. The surface contact 
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between the coil and the MH can be estimated at 1/8 of the lateral surface of the coil, as presented in Figure 3. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The internal shape and size of the MH tank surrounded by a coil recovering heat. Source: Author. 

 

The numerical modelling of the heat production in the MH storage tank by thermal compression is based on 
different works presented in the literature [18,31,32] The expression of heat released is as follows: 
 

(12) 

𝑄𝑀𝐻 = ∫ ∆𝐻𝑑(𝐶)𝑑𝐶

𝐶𝑎

𝑐𝑑

 

 

 
where: 
𝐶𝑎 and 𝐶𝑑 - are determined by PCT diagram.  
For this study, the values used were Cd = 6 NL/kg; Ca = 143 NL/kg; Ta = 20°C; Td = 150 °C and ∆𝐻𝑑  is a standard 
enthalpy of hydride formation expressed in J/molH2. 

 

(13) 𝐶𝑎 = 𝐶𝑎(𝑝𝐿 , 𝑇𝐿)  
 

(14) 𝐶𝑑 = 𝐶𝑑(𝑝𝐻 , 𝑇𝐻)  

 

Where: 
C - is the hydrogen concentration in MH (molH2/kg); 
Ca - the hydrogen concentration during absorption (NL/kg); 
Cd - the hydrogen concentration during desorption (NL/kg); 
ph, pL - the hydrogen pressure during the desorption and absorption, respectively (atm). 
 
The characteristic of the Pressure-Composition-Temperature (PCT) curve determining the reversibility of the 
storage capacity using the MH LaNi5 alloy is given in Figure 4. 
The desorption equilibrium pressure can be determined according to the PCT diagram given in Figure 4 and is 
expressed by the following function: 
 

(15) 𝑃 = 𝑃𝑑(𝐶, 𝑇)  
 
Compression productivity can be expressed as:  

 
(16) 

𝑉 =
𝑚 ∆𝐶

∆𝑡
 

 

 

0.169m 

Water 
flow 

1.8m 

Metal 
hydride 

Coil 

PCM 
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where: m is the mass of MH, ∆t the time of the absorption-desorption cycle and ∆C is the productivity cycle. 
 
The van’t Hoff relation allowing to express the partial molar enthalpy is expressed by the following relation: 
 

(17) 𝑑 𝑙𝑛 (𝑃) =
∆𝐻𝑑

𝑅𝑇
−

∆𝑆

𝑅
   

 
where: 
T - is the temperature (K); 
R - is the universal gas constant (8.314 J/(mol·K)) 
∆𝑆 - is the standard entropy of hydride formation (kJ/(kgH2·K).  
 

 
Figure 4. Curve Phase Change Material (PCM) of MH LaNi5. Source [33]. 

 
Expression of the total heat consumed is equal to the total heat produced during adsorption with the total 
hydride mass (m) and can be calculated according to the following equations: 
 

(18) 
𝑄𝑀𝐻 = 𝛿𝐶 × 𝑚 × (

∆𝐻1 + ∆𝐻𝑁

2
+ ∑ ∆𝐻𝑘)

𝑁−1

𝑘=2

 
 

 
(19) 𝛿𝐶 =

𝐶𝑎−𝐶𝑑

𝑁−1
   

 
This heat can be also expressed by the equation (20) and can serve to determine the resulting temperature. 
It is relevant to observe that the temperature released by the MH tank is estimated in the vicinity 
of the desorption temperature, i.e., close to 150°C. Figure 5 shows the curves of thermal heat release in MH tank, 
obtained by simulation. 
 

(20) 𝑄𝑀𝐻 = 𝑚 × 𝐶𝐻 × (𝑇𝑀𝐻
𝑑 − 𝑇𝐻

𝑖𝑛)  
 
The heat transfer on 1/8 of the coil given in (Figure 5) can be calculated from:  
 

(21) 
𝑄𝑀𝐻 =

𝑇𝑀𝐻
𝑑 − 𝑇𝑝

𝐷𝑖

ℷ 𝐻2×(
𝐷𝑖

2×𝜋

4
×𝐿𝑃𝐶𝑀)

=
𝑇𝑝 − 𝑇𝑠

𝑙𝑛(
𝑟𝑒
𝑟𝑖

)

2𝜋×𝑙×𝑘𝑃𝐶𝑀

=
𝑇𝑠 − 𝑇𝑤𝑎𝑡𝑒𝑟

𝑙𝑛(
𝑟𝑒
𝑟𝑖

)

2𝜋×𝑙×𝑘𝑠𝑒𝑟𝑝𝑒

 
 

 

where 

𝑇𝑀𝐻
𝑑 , 𝑇𝑝, 𝑇𝑠, 𝑇𝑤𝑎𝑡𝑒𝑟  - are the temperatures of MH, external face of MH tank, the coil internal surface and water
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circulating in the coil, respectively; 

𝑘𝑠𝑒𝑟𝑝𝑒 and 𝑘𝑃𝐶𝑀 - are the heat transfer coefficient of the serpentine and PCM; Di  

r - are the internal diameter and radius and ℷ 𝐻2 the thermal conductivity. 

 
Table2. Specifications Adopted for The Simulation. Source: Author. 

 

Components Rating values 
 

𝑟𝑖(coil) 0.077 m 

𝑟𝑒(coil) 0.08 m 

𝐷𝑖(𝑀𝐻) 0.149 m 

𝐿𝑒(MH) 1.65 m 

𝑟𝑒(PCM) 0.169 m 

𝑟𝑖(PCM) 0.149 m 

𝐿𝑒(PCM) 1.8 m 

ℷ 𝑃𝐶𝑀  1.32 W/(m·K) 

 
Using the equation given in the literature [31], the mass conservation can be calculated: 
 

(22) 
(휀 × 𝑉𝑟

𝑑𝜌𝐻2

𝑑𝑡
) = (�̇�𝐻2 × 𝑉𝑟) − 𝑚𝑒𝑙−𝑀𝐻̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

 

 

 
Figure 5. Characteristics of the thermal power in the MH tank( line blue is the heat output (W), line red represents 

the specific heat (J/mol) and line yellow is the molar enthalpy (J/(mol·kg)). Source: Author. 

 

Mass flow of hydrogen circulating between storage tank and fuel cell can be expressed as given here: 
 
(23) �̇�𝐻2 =

1

2
𝑁𝑜

𝜕𝑥

𝜕𝑡
𝑀𝐻2𝑅𝑃  

 

where: 
�̇�𝐻2 - the mass flow rate of hydrogen during MH desorption; 

𝑀𝐻2(
𝑘𝑔

𝑘𝑚𝑜𝑙
) - the molar mass of hydrogen;
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x - atomic ratio of the reaction; 
Rp - the particle density (H2 particle/m3);  
No - molar mass 
휀 - the MH porosity. 
 

c. Evaluation of the cooling-heating-SHW capacity by adsorption silica gel 
The performance of the adsorber is defined according to the coefficients of performance for cooling and heating, 
as well as the different affiliated powers. The heat transfer calculations used above with adaptation 
of the coefficients according to the temperatures can be used to calculate the outlet temperature of the chiller. 
All the characteristics and data were established according to [24,27,34,35]. 
 

(24) 
𝑄𝑐𝑜𝑜𝑙 = ∑

[𝑉𝑐ℎ𝜌𝑐ℎ𝐶𝑐ℎ(𝑇𝑐ℎ𝑖
𝑗

− 𝑇𝑐ℎ𝑜
𝑗

)]

𝑛

𝑛

𝑗=1

 
 

 

(25) 
𝑄ℎ𝑒𝑎𝑡 = ∑

[𝑉𝑤𝜌𝑤𝐶𝑤(𝑇𝑤𝑖
𝑗

− 𝑇𝑤𝑜
𝑗

)]

𝑛

𝑛

𝑗=1

 
 

 

(26) 𝑆𝐶𝑃 =
𝑄𝐶

𝑀𝑎
   

 

(27) 𝐶𝑂𝑃 =
𝑄𝐶

𝑄ℎ
   

 

where: 
𝑉𝑐ℎ  and 𝑉𝑤 - volume flow rate in chilled water and hot water, respectively, 
𝜌𝑐ℎ  and 𝜌𝑤 – densities; 
𝐶𝑐ℎ and 𝐶𝑤 - specific heats; 

𝑇𝑐ℎ𝑖
𝑗

 and 𝑇𝑤𝑖
𝑗

 - inlet temperatures; 

𝑇𝑐ℎ𝑜
𝑗

 and 𝑇𝑤𝑜
𝑗

 - outlet temperatures of the chilled water and hot water, respectively; 

J - data number; 
n - number of complete cycles; 
Ma - the mass as in the literature [10] used for the calculation of the temperature at the outlet of the chiller.  
All the characteristics and data were established according to [23,26,34,36]. 
 

Table 3. Specifications Adopted for the Simulation. Source: Author. 

 

Components Rating values 
 

𝑉𝐻2
𝑒𝑙  10000  

𝜌𝐻2 0.09 kg/m3 

𝐾. 𝐴(evopo+bed adsorption) 2557 W/(m·K) ×1.37 m²+10300 

𝐾. 𝐴(cond+bed desorption) 4115 W/(m·K)×03.71 m²+9850 

𝐶𝑤 4180 J/(kg·K) 

∆𝑆 108.3 J/(mol·K) 

R 8.314 kJ/K 

v𝑎𝑖𝑟  0.1 m/s 

v𝑤𝑎𝑡𝑒𝑟  0.15 m/s 

 
Experiences and analysis 
The performed simulation takes into account the parameters from several research papers, namely [27,29,37]. 
Figure 6 shows the system considered for modelling and according to the numerical modelling the input current 
in the electrolyser was 52 A and was obtained from renewable source. 
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Figure 6. System modelling. Source: Author. 

 

 

Figure 7. Value of the temperature within the fuel cell resulting from the experimental system. Source: Author.
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Figure 7 shows that the temperature variation in the exchanger on the fuel cell side as well as the variation 
of the temperature in the fuel cell for 50 minutes. As it can be seen, in the fuel cell temperature can reach up 
to 82°C and at this temperature water leaving a double tubular heat exchanger can reach 68°C. 
 

 
Figure 8. Hot water circuit temperature. Source: Author. 

 
Assuming that during the exothermic cycle according to Figure 4, the temperature in the MH tank is as high 
as 150°C, the water temperature resulting from the exchanger varies between 100 and 120°C. Figure 8 also 
shows that the use of the MH as a storage medium has a major advantage in terms of thermal power released 
with temperatures of 110 °C around the tank. It can be noticed that the temperature released by the PEM fuel 
cell allows to feed the adsorber for the desorption of the silica gel. After the hot water passes through 
the desorption chamber, a hot water with temperature 50 and 95°C depending on the source can be used.  
 
From Figure 9 the cooling and heating capacities vary proportionally to their efficiency with average values of Qc 
= 18.691 kW and Qh = 12.273 kW, respectively. Certainly, these powers fit into the energy consumption 
of heating and cooling systems. Therefore, they can cover the Heating Ventilation and Air Conditioning (HVAC) 
needs in the building and some industries. Thus, they can play a key role in the achieving the economic feasibility 
of the hydrogen sector. 
 
Figure 10 presents the efficiency of heating and cooling. The values vary between 0-2 and 0-2000 for heating 
and cooling, respectively and on average the COP = 1.52 and SCP = 934.5735 (W/kg) can be obtained. 
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Figure 9. Heating and cooling power. Source: Author. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Variation of the SCP (a) and COP(b) coefficients for hot form of MH. Source: Author. 
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where: 
SCP - is the specific cooling power (W/kg); 
COP - is the coefficient of performance. 
 
Impact 
This article discusses the integration of a thermally activated cooling system into the green hydrogen production 
process. Several studies concerning approaches to reduce the cost of acquiring green hydrogen was given 
in the literature. Among them are cogeneration techniques showing that the heat recovery from the hydrogen 
production process can be used for, e.g., drying food, or for the water heating. This in turn, generates a financial 
revenue by reducing the expenses related to acquisition of energy from diverse sources. 
 
Considering the challenges to combat the global warming, one of aspects to be addressed is to use renewable 
energies to meet the supply needs especially in heating and cooling system. This is especially relevant as both 
represent the vast part of the energy consumption in the tertiary sector. This work highlights the ability 
to produce cold from the same heat losses as the one used to meet the need for heating. Considering 
that the cost of acquisition and use of green hydrogen is high, this study shows that this cost can be reduced by 
using a heat loss management system adapted to the equipment used. In this study, the use of electrolyser 
and a fuel cell proton exchange membrane (PEM) for the production of hydrogen and for its combustion 
is demonstrated. These two elements emit heat, which is potentially lost during the process. In addition, for 
storage, MH balloons can be considered, and they also contribute to the heat losses. The recovery of all these 
heats and its conversion into cooling and heating is a key factor from the environmental and economic point 
of view. It is especially relevant when taken into consideration that the energy consumption related to cold, 
and heating is not negligible and will increase by 2050. This study shows that it is possible to generate a cooling 
capacity of up to 18.691 kW in 50 minutes. All the results analysed showed the potential in the combined cold 
production systems with the process of energy storage by the green hydrogen production. Likewise, this work 
shows the feasibility of simultaneous production of electrical, thermal and cooling energies from the use 
of as a source of clean energy. The implementation of this study could allow a rapid insertion of green hydrogen 
in the tertiary system at a competitive cost with a considerable reduction of greenhouse gases in this sector. 
 
Conclusion 
In this article the thermally activated cooling technology applied to a green hydrogen production system using 
a set of components have been studied 
The applied system showed that different potential heat losses of the system allow to produce considerable 
heating and cooling powers. The thermal power released during the adsorption in the MH tank is the highest 
along the time of the thermodynamic reactions and it reaches as much as 98 kW with water at 112 °C. On the fuel 
cell and electrolyser sides a thermal power of 1.4 kW and 0.8 kW, respectively can be obtained. The temperature 
around the fuel cell is 68°C for 0.884 kW of electricity produced and 0.83 kW of electricity consumed during 
electrolysis. At the leaving side of the system in the adsorber, the resulting air conditioning and heating 
temperatures are around 20 °C and 50 °C, respectively. 
 
For a simulation estimated on 1000 s, average powers of 12 kW and 18 kW for heating and cooling, respectively, 
were obtained. At the same time good coefficients of performance, namely 1.52 and 935 for COP and SCP were 
achieved, respectively. In addition, the fuel cell can deliver an electrical power of 0.88 kW, which is within 
the range of the electrical needs of a household of 5 peoples. This allowed to consider that the design of a kit for 
the tertiary sector or certain industries with the different components used can easily cover the electricity, 
heating and air conditioning needs contributing to the cost reduction of acquired hydrogen for this sector. 
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