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1. Introduction 

The Osaka Gas Group is applying its accumulated steam 

reforming expertise to the development of compact hydrogen 

generators (marketed under the trade name HYSERVE) that 

run on city gas (13 A) and LPG. Commercial models with 

hydrogen production capacities of 30 Nm3/h (HYSERVE-30, 

shown in Figure 1) and 100 Nm3/h (HYSERVE-100, shown in 

Figure 2) have already been released, and 16 units had been 

delivered for industrial applications and experimental 

hydrogen stations as of May 2014. These have now been joined 

by a large model with a capacity of 300 Nm3/h 

(HYSERVE-300), which was developed for use at commercial 

hydrogen stations supplying hydrogen fuel for fuel cell vehicles 

(FCVs) and is to go on sale in 2015. 

 

 

 

 

 

 

 

 

2. Overview of HYSERVE processes 

HYSERVE consists of a reforming unit, which generates a 

hydrogen rich gas mixture from city gas and LPG by a steam 

reforming reaction, and a hydrogen purification unit, which 

removes impurities from this fuel mixture to produce a 

high-purity hydrogen gas. 

 

2.1. Reforming unit 

2.1.1 Desulfurization process 

To prevent degradation of the reforming catalyst caused by 

sulfur deterioration, the source gas is first put through a 

desulfurization process to remove sulfur content. In the 

desulfurization process, sulfur in the source gas is converted to 

hydrogen sulfide by the hydrodesulfurization reaction 

represented in the following formula, and then the hydrogen 

sulfide is removed by an adsorption and desulfurization 

reaction. HYSERVE uses Osaka Gas’s proprietary super 

high-order desulfurization agent in addition to an ordinary 

adsorptive desulfurization agent for this, making it possible to 

remove sulfur content to the parts-per-billion level. This allows 

the reformer to be made more compact and extends the life of 

the catalyst. 

 

Hydrodesulfurization reaction (200oC – 300oC) 

 R-SH (mercaptan)＋H2→RH＋H2S  R=alkyl group  

Adsorption and desulfurization reaction (200oC – 300oC) 

 ZnO ＋ H2S → ZnS ＋ H2O  

 

2.1.2 Steam reforming process 

The desulfurized source gas is mixed with water vapor and 

warmed to a given temperature by a feedstock heater. 

Reformed gas having a hydrogen concentration of 

approximately 70 vol% is then produced in a reformer by the 

steam reforming reaction represented by the following formula. 

HYSERVE uses a noble metal catalyst developed by Osaka 

Gas that exhibits high steam-reforming activity and lowers the 

risk of carbon deposition. 

 

Steam reforming reaction (700oC – 800oC) 

 CH4 ＋ H2O ＝ 3H2 + CO (endothermic reaction)  

 

2.1.3 CO shift conversion process 

In order to increase the amount of hydrogen in the 

steam-reformed gas, CO in the reformed gas is reacted with 

steam in a CO shift converter. This raises the concentration of 

hydrogen in the reformed gas to approximately 75 vol%. 

HYSERVE employs Osaka Gas’s proprietary low-temperature 

shift-conversion catalyst, which makes it possible to lower the 

CO concentration of the reformed gas. 

 

CO shift conversion reaction (approx. 200oC – 300oC) 

 CO ＋ H2O ＝ CO2 + H2 (exothermic reaction) 

 

Figure 1  HYSERVE-30 Figure 2  HYSERVE-100 
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2.2 Hydrogen purification unit 

Following shift conversion, the reformed gas is cooled to room 

temperature and then, once the condensed drainage water has 

been separated out, fed to the hydrogen purification process. In 

the hydrogen purification unit, impurities in the reformed gas 

such as H2O, CO2, CH4, and CO are removed by pressure 

swing adsorption (PSA) to produce high-purity hydrogen. 

High-purity hydrogen can be continuously obtained by 

sequential repetition of the absorption, desorption, and 

washing operations using three or four adsorption columns. 

The adsorbed impurities are discharged as off-gas and used as 

burner fuel for the reformer. 

 

Figure 3  Sequence of processes in HYSERVE 

 

3. HYSERVE’s advantages 

HYSERVE’s chief benefits are as follows. 

(1) Compact  

The reforming unit’s compact design using a 

pressurization-type reformer makes HYSERVE among the 

world’s smallest in terms of unit size. 

(2) Low cost 

Standardized specifications and integrated packaging lower 

fabrication and installation costs. 

(3) Fully automated operation 

Automated programming allows the supply of hydrogen to be 

simply and safely started up and shut down via a touch panel. 

Standardization of functions allowing hydrogen production 

load to be adjusted according to hydrogen consumption, and 

also does away with the need for operation by specialist 

personnel. 

(4) Warm standby made possible by hydrogen circulation 

When started up and shut down frequently, HYSERVE 

operates in warm standby, which prevents powdering of the 

catalyst caused by thermal expansion and contraction of the 

reformer reaction tubes during cold startup and shutdown. 

Warm standby capability, made possible by using hydrogen for 

circulated gas, has been made standard on HYSERVE for the 

following reasons. 

1) Shorter startup time: As nitrogen is normally hard to 

separate from gas mixture with hydrogen PSA, it takes some 

time after startup to produce hydrogen of the required quality 

when nitrogen is circulated during standby. 

2) Lower fuel consumption: The reformer burner only needs to 

provide as much heat as has been lost as a result of radiation 

heat loss from each device and cooling loss from circulated 

hydrogen, allowing warm standby using minimal fuel. 

3) Less demineralized water required: As no steam reforming 

reaction occurs in the reformer, power for a demineralized 

water pump is not required during standby. 

 

4. Development of HYSERVE-300 

Like other models in the HYSERVE series, HYSERVE-300 

was designed to reduce costs and space requirements, and also 

to improve reforming efficiency. 

(1) Lower cost and more compact 

Scaled-up hardware, a reshaped heat exchanger, and other 

modifications have made HYSERVE-300 50% cheaper and 

42% more compact to install than three HYSERVE-100s. 

(2) Improved efficiency 

Processes have been redesigned and the following three 

enhancements made to give HYSERVE-300 11% higher 

reforming efficiency (obtained by dividing the heating value of 

product hydrogen by the heating value of input feedstock) than 

previous HYSERVE models 

1) Improved reformer furnace efficiency 

Modifications to the burner configuration and arrangement of 

radiation pipes increase the reaction tube heat input of the 

reformer and improve reformer furnace efficiency (obtained by 

dividing the heat used for reaction by the heat of fuel consumed 

by the reformer) by 16%. 

2) Enhanced waste heat recovery 

Recovery of waste heat has been enhanced compared with 

previous HYSERVE models and the following heat exchangers 

have been added: 

- Combustion air preheater: recovery of waste heat from 

exhaust combustion gas 

- Demineralized water preheater: recovery of waste heat 

from reformed gas at the CO shift converter outlet 

3) Use of vacuum pressure swing adsorption (VPSA) 

A new VPSA method has been developed that creates a 

vacuum during PSA depressurization by means of a vacuum 
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pump. This accelerates regeneration of the adsorbent and 

increases the hydrogen recovery rate (obtained by dividing the 

product hydrogen flow rate by the flow of hydrogen in the gas 

mixture at the PSA inlet). This has raised the hydrogen 

recovery rate from 74% in the past to 85%. The specifications of 

the HYSERVE series are shown in Table 1. 

 

5. Full-scale test model and future action 

To assist HYSERVE-300’s development, a system with the 

same hydrogen production capacity as a commercial model 

(300 Nm3/h) was made to verify performance (Figure 4). The 

specifications required of hydrogen produced by 

HYSERVE-300 and a sample of the test results obtained with 

the test unit are shown in Table 2. Enhancements were made 

to improve the performance of HYSERVE-300’s hydrogen 

purification unit and achieve the product hydrogen quality 

likely to be required to supply hydrogen for FCVs, and the rest 

unit produced favorable results. Based on the results produced 

by the project, Osaka Gas announced the commercialization of 

HYSERVE-300 at the end of October 2013, and the new 

system is to be rolled out to Kita-Osaka hydrogen stations 

entering service in 2015. Osaka Gas will continue to pursue 

further improvements in cost and space requirements and the 

efficiency of HYSERVE-300 in order to encourage the 

introduction and spread of hydrogen stations and so contribute 

to the creation of a low-carbon society. 

 

Figure 4  HYSERVE-300 test unit 

Table 2  Characteristics of hydrogen produced by 

HYSERVE-300 

Item 

Required 

specifications of 

product hydrogen 

Performance in 

real-world tests 

Product hydrogen flow 

rate 
300Nm3/h 305.2Nm3/h 

Product hydrogen purity > 99.999 vol% > 99.9995% 

Concentrations 

of impurities 

CO < 0.2 ppm < 0.1 ppm 

CO2 < 1.0 ppm N.D.* 

CH4 < 1.0 ppm N.D.* 

N2 < 10 ppm < 2.0 ppm 

O2 < 0.5 ppm N.D.** 

H2O Dew point <-80oC Dew point < -90oC 

*Detection limit: 0.01 ppm  **Detection limit: 0.1 ppm 

 

Table 1  HYSERVE series specifications 

Model HYSERVE-30 HYSERVE-100 HYSERVE-300 

Hydrogen production capacity 30 Nm3/h 100 Nm3/h 300 Nm3/h 

Feedstock City gas (13A), LPG City gas (13A), LPG City gas (13A) 

Hydrogen purity At least 99.999 vol% At least 99.999 vol% At least 99.999 vol% 

Unit consumption of feedstock 
0.42 Nm3-13A feedstock 

/Nm3-product 

0.40 Nm3-13A 

feedstock/Nm3-product 

0.36 Nm3-13A 

feedstock/Nm3-product 

Product hydrogen pressure 0.70 MPaG 0.70 MPaG 0.70 MPaG 

Installation space (main unit only) 2.5 mW×2.0 mD×2.5 mH 3.8 mW×2.6 mD×2.8 mH 7.5 mW×3.0 mD×3.3 mH 

 


