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Abstract: Currently the problem of greenhouse effect is into the world spotlight due to CO2 

emissions. Sources of CO2 gas production in large cities from the transportation sector have reached 

around 60 - 70%. Efforts to reduce CO2 gas production are carried out by developing environmentally 

friendly vehicles, including battery-based electric vehicles (BEV) or fuel cell electric vehicles 

(FCEV). FCEV is expected to be an environmentally friendly vehicle whose technology is mature. 

The main components of FCEV system consists of fuel cell stack that converts hydrogen gas into 

electricity, gas supply, wheel drive motor and hydrogen gas storage tank. The purpose of this article 

is to discuss a comparison of hydrogen gas storage tank materials from Aluminum (Al), Fiber glass 

composite and Stainless steel (SS) which have a working pressure 87.5 MPa (875 bar) by comparing 

the thickness of the tank wall, safety factor, and tank mass. The study carried out the analysis of 

strength of using ASME CODE pressure vessel of tanks from various materials. The shape of the 

hydrogen gas storage tank is a cylinder with a capacity of 5.6 kg with a volume of 142.2 L. The 

material of storage tank is aluminium (Al), fiber glass and stainless steel (SS). Each material was 

evaluated the strength, thickness and mass of storage tank. The yield stress materials was taken from 

secondary data to evaluate the safety factor material. The result analysis of storage tank material 

shown that the lightest mass is fiber glass of 92.3 kg while stainless steel the heaviest of 1381.33 kg. 

The thinnest of material with safety factor of 1 is fiber glass material. 

 

Keywords: FCEV; ASME CODE; strength materials; safety factor; storage tank 

1.  Introduction  

The development of vehicles is currently very rapid. 

The increasing number of vehicles is influenced by the 

level of economic income which is quite good1). The 

increase in the number of combustion motor vehicles has 

an impact on the production of CO2 gas in the air which 

continues increase2). On the European continent, the 

transportation sector produced CO2 gas emissions from 

1990 of 0.79 Gt and increased to 0.95 Gt in 20173). The 

largest increase in CO2 gas was from the transportation 

sector4). The increase in the amount of CO2 gas has an 

impact on the greenhouse effect5). Efforts to reduce the 

greenhouse effect continue to be made by developing 

renewable energy6). Currently, the energy system is facing 

many challenges mainly stem from climate change and 

decarbonization policies, while the use of hydrogen gas 

seems to be able to overcome some of these problems7). 

The transition from fossil fuels to low or zero carbon 

energy sources is a key goal of almost all global energy 

policies and strategies8). However, generating units based 

on low or zero carbon energy sources often experience 

problems when dispatched to conventional thermal power 

plants fueled by coal or natural gas9). 

To reduce CO2 and other greenhouse gas emissions, 

governments in most developed countries are promoting 

the use of electric vehicles10). There are four types of 

electric cars that has been sold in the worldwide that is 

pure electric cars, fuel cell cars, hybrid electric cars, and 

plug-in hybrid cars11). The pure electric cars maybe the 

electric power source are still from carbon burning. Fuel 

cell car is pure green atmosphere due to fuel cell use the 

pure hydrogen gas12). This condition is better in the human 

activity13). Zero-emission vehicles are usually electric 

vehicles that have no tailpipe emissions, such as battery-

based electric vehicles (BEVs) or fuel cell electric 

vehicles (FCEVs)14). Thus BEVs and FCEVs will create 

the green environment that can be to reduce emission 

CO2
15). Figure 1 show the component of FCEV. The 

component are fuel cell stack, wire systems, wheel hub 
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motor, lithium-ion battery, front electric motor, hydrogen 

storage tank16). Hydrogen storage tank of FCEV was built 

to resist inner pressure of 350 bar or 875 bar17). 

 

 
Fig. 1: Component of Fuel Cell Electric Vehicle15). 

 

The mass of the storage tank is important on FCEVs18). 

This storage tank must be able to accommodate hydrogen 

gas over a certain distance, like existing vehicles. With 

long distances, great pressure is required to accommodate 

hydrogen energy which is equivalent to fossil energy. The 

standard 4 passenger light vehicle used is a tank pressure 

of 87.5 MPa and a gas mass of 5.6 kg17). Based on the 

working pressure of hydrogen gas, an analysis of the 

strength of materials suitable for use as tanks in FCEV is 

carried out19). The analysis approach uses equations that 

have been developed by the ASME code for equations 1 

to 520). From this analysis we can obtain sufficient 

information in determining tank materials21). There are 

several design of hydrogen storage tank as type of vertical 

storage tank, sphere storage tank and horizontal storage 

tank as in Fig. 222). 

 

 
Fig. 2: Hydrogen Horizontal Storage Tank22). 

 

Working pressure in the storage tank will result internal 

stress (allowable stress) of the materials23). This stress 

should be under yield strength of the materials24). To know 

allowable stress of the materials was use by using of 

design pressure vessel based on ASME Code21). 

There are several material choices that can be used as 

hydrogen gas storage tanks. The materials compared are 

aluminum material, stainless steel material and glass fiber 

composite material. 

This third material was chosen as a comparison in terms 

of strength and tank wall thickness as well as resistance to 

environmental corrosion. Aluminum (Al) and stainless 

steel (SS) are metal materials that are good against 

corrosion attacks in open air environments. Glass fiber is 

a composite material (Glass Fiber Reinforced 

Plastic/FGRP) which has a lower density than the two 

metal materials Aluminum and SS. The advantage of 

FGRP is that it has better tensile strength compared to Al 

and SS materials. Thus, it is suitable as a hydrogen gas 

storage material in vehicles.  

 

2.  Method 

The selection of thickness pressure vessel can be 

analysed by formula which was written on (1) until (6). 

Analysis was helped by excel software which available on 

the computer. The step of solution can be seen by 

flowchart in Fig. 3. The flowchart shown the action of 

analysis of strength materials based on ASME Section 

VIII, Division 121). 

First, working pressure and volume capacity of storage 

tank must be entered in the system25). The working 

pressure is 87.5 MPa26). Analysis of thickness pressure 

vessel used ASME Code pressure vessel27). Evaluation of 

the thickness materials were carried out by using excel 

software. Several materials was done by using same 

analysis. Its analysis can be given the information of 

thickness, mass, working stress, and safety factor28). 

 

 
Fig. 3: Flowchart Research Activity. 

 

From Fig. 3 it can be explained that the first step is to 

determine the working pressure of the tank and the volume 

of hydrogen gas. The inner diameter of the tank is 

determined according to the dimensions of the vehicle. 

The inside diameter of the tank is set at 400 mm. The next 

stage is to enter a formula based on ASME code standards 

and enter the material types Al, fiber glass and SS. Each 

material is analyzed for strength based on working 

pressure, thickness and safety factor. The final stage is to 

evaluate if the safety factor is equal to or greater than 1 

then the material thickness will be obtained. From the 
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thickness of the material, the mass of the tank is 

calculated29). The formula of thickness pressure vessel can 

use by using formula (1), (2), (3), and (4), while the 

volume by using formula (5) and (6). 

 

Equation of Cylindrical Shell 

 

𝑡 =
𝑃𝑟

𝑆𝐸−0,6𝑃
 (1) 

 

𝑃 =
𝑆𝐸𝑡

𝑟+0,6𝑡
 (2) 

 

Equation of Sphere Hemisperical Head 

 

𝑡 =
𝑃𝑟

2𝑆𝐸−0,2𝑃
 (3) 

 

𝑃 =
2𝑆𝐸𝑡

𝑟+0,2𝑡
 (4) 

Equation to find Cylinder Shell Volume 

𝑉𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑠ℎ𝑒𝑙𝑙 = 𝜋𝑟𝑜
2𝑙 − 𝜋𝑟𝑖

2𝑙 (5) 

 

 

Equation to find Sphere Shell Volume 

𝑉𝑠𝑝ℎ𝑒𝑟𝑒 𝑠ℎ𝑒𝑙𝑙 =
4

3
𝜋𝑟𝑜

3 −
4

3
𝜋𝑟𝑖

3
 (6) 

 

Equation to find Total Volume 

    𝑉𝑇𝑜𝑡𝑎𝑙 = (𝜋𝑟𝑜
2𝑙 − 𝜋𝑟𝑖

2𝑙) + (
4

3
𝜋𝑟𝑜

3 −
4

3
𝜋𝑟𝑖

3) (7) 

 

Equation to find total mass of the tank  

        𝑚𝑇𝑜𝑡𝑎𝑙 = 𝑉𝑇𝑜𝑡𝑎𝑙 𝑥 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 (8) 

 

Parameter for calculation of working stress storage tank 

can be seen in Table 1. 

 

Table 1. Parameter for Calculation of Working Stress. 

No Parameter Unit or Value 

1. Working Pressure MPa 

2. Thickness M 

3. Working Stress MPa 

4. Inside Diameter of the Tank 0.4 m 

5. Safety Factor (N = σy/S) - 

 

3.  Result and Discusion 

The result of thickness calculation analysis for 

materials aluminium, stainless steel (SS) and fiber glass 

that can be seen in the Table 2, Table 3 and Table 4 below. 

 

Table 2. Calculation for Aluminum Material (E=0.9). 

t (mm) S (MPa) N 

40 544.44 0.63 

42 521.30 0.66 

44 500.25 0.69 

46 481.04 0.72 

48 463.43 0.74 

50 447.22 0.77 

52 432.26 0.80 

54 418.42 0.82 

56 405.56 0.85 

58 393.58 0.88 

60 382.41 0.90 

62 371.95 0.93 

64 362.15 0.95 

66 352.95 0.98 

68 344.28 1.00 

70 336.11 1.03 

72 328.40 1.05 

74 321.10 1.07 

76 314.18 1.10 

 

In Table 2, it can be seen that the thickness required for 

aluminum material to withstand a pressure of 87.5 MPa 

with a value (E = 0.9) is 68 mm. The value E = 0.9 was 

taken because it is assumed that the tank has connections 

and valve. The safety factor on aluminum with thickness 

of 68 mm is 1.021). Yield strength of material Al is 345 

MPa22). From Table 2 shown the thickness of 40 mm, the 

working stress of storage tank is 544.44 MPa and the 

safety factor is 0.63. At thickness of 68 mm, the working 

stress is 344.28 MPa with safety factor is 1.00. 

The value 1.00-1.01 is the minimum value for the factor 

of safety (FoS) which is calculated from the ratio between 

the yield strength of the material (MPa) and the maximum 

allowable working stress value (MPa). FoS value is 1.00-

1.01: Indicates that the allowable stress acts in the elastic 

area so that the construction is safe for use at a pressure of 

87.5MPa. FoS less than 1.00: Indicates that the material 

thickness and strength are inadequate to withstand the 

maximum allowable working stress. The working area at 

FoS less than 1 is a plastic area so it is not permitted 

because plastic deformation will occur which will damage 

the tank structure. FoS more than 1.00: Indicates that the 

material thickness and strength are greater than required 

to withstand the maximum working stress. This design is 

safe, but inefficient and wasteful in terms of material use 

and tank mass. 

 

Table 3. Calculation for Stainless Steel (SS) Material (E=0.9). 

t (mm) S (MPa) N 

56 405.56 0.71507 

58 393.58 0.73682 

60 382.41 0.75835 

62 371.95 0.77967 

64 362.15 0.80077 

66 352.95 0.82166 

68 344.28 0.84234 

70 336.11 0.86281 

72 328.40 0.88308 

74 321.10 0.90316 

76 314.18 0.92303 
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78 307.62 0.94272 

80 301.39 0.96221 

82 295.46 0.98152 

84 289.81 1.00064 

86 284.43 1.01958 

88 279.29 1.03834 

90 274.38 1.05692 

92 269.69 1.07532 

 

In Table 3, it can be seen that the thickness required for 

stainless steel material to withstand a pressure of 87.5 

MPa with a value (E = 0.9) is 84 mm. The value E = 0.9 

was taken because it is assumed that the tank has 

connections and valve. The safety factor on stainless steel 

with thickness of 84 mm is 1.0 (E = 0.9)30). From Table 3 

shown the thickness of 56 mm, the working stress of 

storage tank is 405.56 MPa and the safety factor is 0.71. 

At thickness of 84 mm, the working stress is 289.81 MPa 

with safety factor is 1.00. 

 

Table 4. Calculation for Fiber Glass Material (E=0.9). 

t (mm) S (MPa) N 

2 9,780.56 0.08 

4 4,919.44 0.15 

6 3,299.07 0.23 

8 2,488.89 0.31 

10 2,002.78 0.38 

12 1,678.70 0.45 

14 1,447.22 0.53 

16 1,273.61 0.60 

18 1,138.58 0.67 

20 1,030.56 0.74 

22 942.17 0.81 

24 868.52 0.88 

26 806.20 0.94 

28 752.78 1.01 

30 706.48 1.08 

32 665.97 1.14 

34 630.23 1.21 

36 598.46 1.27 

38 570.03 1.33 

 

In Table 4, it can be seen that the thickness required for 

fiber glass material to withstand a pressure of 87.5 MPa 

with a value (E = 0.9) is 28 mm. The value E = 0.9 was 

taken because it is assumed that the tank has connections 

and valve. The safety factor on fiber glass with thickness 

of 28 mm is 1.01 (E = 0.9)31). From Table 4 shown the 

thickness of 22 mm, the working stress of storage tank is 

942.17 MPa and the safety factor is 0.81. At thickness of 

28 mm, the working stress is 752.78 MPa with safety 

factor is 1.01. 

 

Table 5. Result of Material Safety Factor Calculation. 

Materials σy (MPa) t (mm) S (MPa) N 

Aluminium 345.00 68 344.28 1.00 

Stainless Steel 290.00 84 289.81 1.00 

Fiber Glass 760.00 28 752.78 1.01 

 

Table 6. Comparison Mass Calculation Analysis Based On 

Materials. 

Materials Vw (cm3) ρ (g/cm3) m (kg) 

Aluminium 133,365.39 2.78 370.76 

Stainless Steel 172,665.70 8.00 1,381.33 

Fiber Glass 48,641.18 2.00 97.28 

 

Based on Table 5 and Table 6, it can be seen the mass 

of stainless steel material, aluminium and fiber glass are 

1,381 kg, 370.76 kg and 97.28 kg respectively. The mass 

of tank is calculated by equation 8. The yield strength of 

stainless steel material is 290 MPa30), which has 

specification SS 304L32). The lightest mass is fiber glass33). 

This condition is the basis for determining the use of fiber 

glass material because it will reduce the mass of the 

vehicle if used in the automotive industry. The analysis 

shown the thickness of the material due to the yield 

strength of the materials and the working pressure in the 

tank around 87.5 MPa. For application of fuel cell electric 

vehicles (FCEV) should be had the mass of storage tank 

the smallest mass due to it will increase the efficiency of 

fuel consumption34). 

 

 
Fig. 4: Graphic of Thickness vs Working Stress SS material 

at Working Pressure of 87.5 MPa. 

 

In Fig. 4 above, it can be seen the graphic relation about 

the thickness material and working stress of the material. 

The working pressure of the tank is 87,5 MPa. The 

increase of the wall thickness of storage tank will reduce 

the working stress21). The thickness of storage tank will 

affect the mass of tank. In general, the thickness of the 

material can affect the stress distribution in the material. 

Therefore the more thick of material the stress distribution 

tends to be more evenly so that the working stress that 

occurs is smaller35). 

 

4.  Conclusion 

Analysis storage tank of compressed hydrogen have be 

done by using ASME Code, (ASME Section VIII, 
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Division 1). The working stress was affected by thickness 

of tank wall. Increasing of the thickness will reduce of the 

working stress but it will increase the mass of tank. 

The value 1.00-1.01 is the minimum value for the factor 

of safety (FoS) which is calculated from the ratio between 

the yield strength of the material (MPa) and the maximum 

allowable working stress value (MPa). FoS value is 1.00-

1.01: Indicates that the allowable stress acts in the elastic 

area so that the construction is safe for use at a pressure of 

87.5MPa. 

Result of mass analysis of storage tank based on 

working pressure of 87.5 MPa for aluminium, stainless 

steel and fiber glass are 370.76 kg, 1,381.33 kg and 97.28 

kg respectively. The lightest mass of storage tank is fiber 

glass material. It can be used as reference of selection 

materials for hydrogen storage tank of fuel cell electric 

vehicles (FCEV). 
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Nomenclature 

S maximum allowable working stress value (MPa) 

t thickness, excluding corrosion allowance (m) 

P maximum allowable working pressure (MPa) 

r radius excluding corrosion allowance (m) 

ri inside radius excluding corrosion allowance (m) 

ro outside radius excluding corrosion allowance (m) 

π pi (-) 

d inside diameter excluding corrosion allowance (m) 

l length of cylinder (m) 

E joint efficiency (-) 

σy yield strength material (MPa) 

N safety factor (-) 

Vw total volume of wall (cm3) 

ρ mass density (g/cm3) 

m mass (kg) 
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