
       8th Symposium on Hydrogen, Fuel Cells and Advanced Batteries, Buenos Aires, July 11th-14th, 2022 

Development of a hybrid vehicular transport prototype with H2/air PEMFC and Li-
ion batteries (O-3FC) 
A. Rodríguez-Castellanos, J.L. Díaz-Bernabé, S. Citalán-Cigarroa, O. Solorza-Feria1

1 Departamento de Química, Centro de Investigación y de Estudios Avanzados, CINVESTAV- IPN. Av. Instituto Politécnico Nacional 2508, 

C.P.  07360 Ciudad de México. Mexico.

(*) Pres. author: osolorza@cinvestav.mx (**) Corresp. author: osolorza@cinvestav.mx 

Keywords: synthesis of electrocatalysts, H2/O2 PEMFCs 

1. Introduction

Recent studies show that it will be inevitable to initiate
and accelerate the energy transition from traditional energy 
systems to innovative and sustainable alternatives. The in-
tegration of energy systems with the coupling of clean 
sources to produce electricity represent a solution to prob-
lems related to environmental pollution, climate change, 
damage to health and energy supply. In recent decades, the 
direct conversion of chemical energy to electrical energy via 
fuel cells has been the focus of electrochemical research and 
technological developments. The interest in studying fuel 
cells rests fundamentally on two factors: the high efficien-
cies in energy conversion and the notable decrease in pollu-
tants emitted into the atmosphere. Fuel cell technology re-
quires an interdisciplinary involvement, which ranges from 
the use of different fuels, mainly hydrogen, and it´s pro-
cessing, through knowledge of basic concepts in electro-
chemistry, chemical and mecanical engineering. Hydrogen, 
a clean energy source with the highest specific energy den-
sity, represents the best alternative to batteries and fossil 
fuels used in conventional energy production [1-3]. In this 
communication we present the design, manufacture and 
performance of a hybrid electric vehicle prototype, H2/O2 
PEMFC-Li ion batteries, considering reliability as well as siz-
ing space, taking into consideration that the use of this tech-
nology reduces to zero the pollulants into the environment.  

2. Experimental

2.1 PEMFC staks design and building 

Bipolar plates, were made of good conductor high resis-
tivity graphite with channels cut in them which favor the 
gases flow over each faces of the electrodes.  At the same 
time, they make electrical contact with the surface of each 
alternate electrode. A numerical control milling machine, 
CNC, was used for polar, bipolar and final plates machined. 
It was prepared and connected 48 membrane-electrode as-
sembly, MEAs, in a single cell with an electrode surface geo-
metric area of 100 cm2 for anode and cathode sides. This 
configuration creates a stack for feeding a serpentin chan-
nels for feeding humected hydrogen and horizontal chan-
nels for feeding air over the cathode. Figure 1 shows a com-
pact block of the stack which favor electric current passes 
efficiently. The edges of the electrodes were sealed with sil-
icone gaskets, also around each MEA to avoid short-circuit 
in between them. The PEMFC stack dimension are: large of 
26 cm; 8 cm wide and 20 cm high.   

Fig. 1. PEMFC dimensions.  

2.2 Vehicular transport prototype design and building 

An H2 tank with 1400 L is incorporeated behind the driver 
of the prototype, where the PEMFC stack presents a 
consumption of 600L H2/h. The H2/air PEMFC sized of 48 
MEAs to provide an average power of 600 W (20 V, 30 A). 11 
modules of batteries were connected in series containing 
each one 36 batteries joined in parallel to get 39.6 V, 48 A 
(1.9 kW). The chassis of the aluminum tubular structure 
prototype was de-signed in AutoCad, considering frontal 
impact studies of the entire mass of the prototype, at a 
speed of 35 km/h, and the impact would be absorbed by the 
impact attenuators. It is designed for two passengers, driver 
and companion in front, as well as for a person in a 
wheelchair and an additional passenger in the back. The 
body of the prototype was made of fiberglass (Fig. 2). 

Fig. 2. Vehicular transport prototype. 
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3. Results 

Fig. 3 shows the chasis of prototype made of Al, length 
270 cm, width 140 cm, height 170 cm and 350 kg weight. It 
has 4 electric motors of 1kW integrated. 

 

Fig. 3. Chasis of PEMFC, Al tubular made prototype.  

The performance of one half of the stack is shown in Fig.  
4, because our characterization system is limited to 750 W. 
We can observe a maximum power of 484.4 kW in 24 MEAs. 

 

Fig. 4. Performance of 24 MEAs of a H2/O2 PEMFC stack. 

PEMFC applications show good performance at low op-
eration T, small design, and no undermining difficulties un-
der suitably care. Despite their advantages, hybrid electric 
vehicles have a limited battery autonomy with an extensive 
recharging phase. The Energy Management System (EMS) 
schedules energy sources and performs an operation mode, 
where the PEMFC stack might enlarge the battery autonomy 
as it supplies the lower power required by the motor-drive 
during the cruiser period of a drive-cycle pattern. Figure 5 
shows a generalized structure of a series powertrain fol-
lowed for the electric vehicle prototype. The pair motor-
drive and brushless DC (BLDC) electric motor provides the 
necessary electromagnetic torque (τm) to overcome the 
equivalent vehicle torque (τL) -static friction, aerodynami-
cally and wheel rolling resistances-, so the vehicle body 
turns into movement. A velocity command (ω*

m) which 
might be derivate from a useful drive-cycle as J227b, is the 
speed-reference for an inner control-loop that modifies the 
motor winding voltages (vt). In addition, phase-current (ia) is 
continuously monitored for a reliable EMS operation. 

 
Fig. 5. Simplified diagram of series powertrain followed for the 

electric vehicle prototype.  

The care, advantage, design, modelling approaches, and 
common issues of battery modules based on Li-ion cells was 
reviewed [4]. Table 1 shows the configuration of a two-
switch buck-boost converter as PCU used to tie the PEMFC 
source to the powertrain, where FS is the switching fre-
quency, La refers to the main inductor, C is the output capac-
itance, and Q1-Q2 refer to the suitable power transistors.  

Table 1. Requirements of PCU for fuel cell hybrid electric vehicle. 

Topology Fs (kHz) La (H) C (F) Q1, Q2 

Buck-Boost converter 250 150E-6 100E-6 IRF254 

The expected response of the powertrain under four cy-
cles of the J227b drive-cycle was obtained. The single cycle 
lasts 100 s, the maximum velocity of 32 km/h is reached at 
24 s and maintained by 26 s. At 50 s the vehicle decelerates 
over 15s, and then holds a zero velocity by 35 s. 

4. Conclusions 

A hybrid vehicular transport prototype with H2/air 
PEMFC and Li-ion batteries was designed and manufac-
tured. The PEMFC stack global properties was approximated 
by a simple electrochemical model. The parameters of 
FCHEV were employed for real-time simulations of the 
PEMFC system, battery module, BLDC-motors, vehicle body 
dynamics, and control algorithms.  
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