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9 Abstract – In the field of energy, hydrogen as an energetic vector is becoming increasingly 

10 important. Specifically, fuel cells powered by hydrogen are becoming an alternative in automotive 
11 and other fields because of their ability to produce electricity without any pollution. Therefore, at 
12 this time there is a very active research field. A fuel cell can be described as a scale down industrial 
13 plant that consists of different subsystems whose purpose is to make the stack works properly. Air 
14 Cooled Polymer Electrolyte Fuel Cells (AC-PEFC) are receiving special attention due to their 
15 potential to integrate the oxidant and cooling subsystems into one, which in term gives the fuel cells 
16 their capability to reduce its weight, volume, cost and control complexity. In these kind of fuel cells, 
17 the Oxidant/Cooling subsystem is of crucial importance and along with three others (Fuel, Electrical 
18 and Control subsystems) make up the Balance of Plant (BoP), which together with the stack comprise 
19 the full fuel cell system. The aim of this paper is to present a comprehensive experimental study of 
20 an AC-PEFC paying particular attention to the Oxidant/Cooling subsystem configuration. According 
21 to the scientific literature, this subsystem has not received the same attention as other subsystems 
22 like the Fuel and Control subsystems. However, a suitable design and size is critical for the proper 
23 functioning of the stack. The analysis carried out in this paper tries to solve some problems that can 
24 appear if the design of the Oxidant/Cooling subsystem has not been optimized. These problems are 
25 related to important aspects such as the performance and the efficiency of the whole system and 
26 temperature distribution over the stack. 
27
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30
31
32 1. INTRODUCTION

33 Polymer Electrolyte Fuel Cells (PEFCs) are a promising technology to produce electricity from 
34 hydrogen for stationary power generation due to its operational strength such as high power density, low 
35 operating temperature, low corrosion, quiet operation, stack design simplification, relatively quick start up 
36 and shut down and especially by its zero emission capability [1]–[4]. In the past decades, there has been a 
37 huge progress in the PEFC field but researchers are still focused on new cell designs, cost reduction and 
38 performance improvement. PEFC technology is having more and more importance because it is suitable 
39 for a wide range of applications, including portable, stationary and automotive power delivery [5]–[8] and 
40 lately it is being more used in backup systems for emergency situations (e.g. earthquakes, terrorist attacks). 
41 Configuration or hybridization of generation systems around the PEFC can be miscellaneous [6], [7], [9] 
42 as well as its control modes [10].
43 For the configuration of a PEFC system, apart from the stack it is necessary to include additional 
44 subsystems for the proper system operation. Generally these systems can be divided into five main groups 
45 which form the Balance of Plant (BoP): 1- Oxidant subsystem: it supplies air/oxygen at the appropriate 
46 conditions for the oxidant reaction, 2-Fuel subsystem: it supplies hydrogen at the appropriate conditions 
47 for the reduction reaction, 3-Cooling subsystem: it removes the heat produced in the stack and keeps it at 
48 the temperature recommended by the manufacturer and removes the water produced, 4-Electrical 
49 subsystem: it connects the stack to electric load,  and 5-Control subsystem: it processes information from 
50 sensors so as to control the actuators, Figure 1 [11]–[13].
51 When it comes to develop a PEFC system, researchers conclude that an appropriate design of the BoP 
52 is essential to the proper PEFC stack operation and influences on the performance of the whole system. 
53 Therefore, according to the BoP design, it is important to optimize the main subsystems avoiding an 
54 oversized BoP configuration which usually results in an increase of parasitic losses, system volume, weight 
55 and noise level [14]. 
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