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THREE PROCESS DESCRIPTIONS FOR HYDROGEN PRODUCTION
1. Production of Hydrogen from Natural gas through steam methane reforming
Natural gas contains contains methane (CH4) that can be used to produce hydrogen with thermal processes, such as steam-methane reformation and partial oxidation. Hydrogen is mostly produced from natural gas using the thermal steam methane reforming (SMR) process. Natural gas is an important feedstock for H2 production since it is widely available and presents a high hydrogen-to-carbon ratio, reducing the generation of carbon dioxide (CO2) by-product.
Steam-Methane Reforming
It a mature production process in which high-temperature steam (700°C–1,000°C) is used to produce hydrogen from a methane source, such as natural gas. In steam-methane reforming, methane reacts with steam under 3–25 bar pressure (1 bar = 14.5 psi) in the presence of a catalyst to produce hydrogen, carbon monoxide, and a relatively small amount of carbon dioxide. Steam reforming is endothermic—that is, heat must be supplied to the process for the reaction to proceed.
Subsequently, in what is called the "water-gas shift reaction," the carbon monoxide and steam are reacted using a catalyst to produce carbon dioxide and more hydrogen. In a final process step called "pressure-swing adsorption," carbon dioxide and other impurities are removed from the gas stream, leaving essentially pure hydrogen. Steam reforming can also be used to produce hydrogen from other fuels, such as ethanol, propane, or even gasoline. Pure water vapour is used as the oxidant. The reaction requires the introduction of heat (“endothermic”).

Steam-methane reforming reaction
CH4 + H2O (+ heat) → CO + 3H2
Water-gas shift reaction
CO + H2O → 
CO2 + H2 (+ small amount of heat)
2. Production of Hydrogen from Coal
Chemically, coal is a complex and highly variable substance that can be converted into a variety of products. The gasification of coal is one method that can produce power, liquid fuels, chemicals, and hydrogen..
Coal gasification reaction: 
CH0.8 + O2 + H2O → CO + CO2 + H2 + other species
After the impurities are removed from the synthesis gas, the carbon monoxide in the gas mixture is reacted with steam through the water-gas shift reaction to produce additional hydrogen and carbon dioxide. Hydrogen is removed by a separation system, and the highly concentrated carbon dioxide stream can subsequently be captured and stored. 
To produce hydrogen from coal, the process begins with partial oxidation, which means some air is added to the coal, which generates carbon dioxide gas through traditional combustion. Not enough is added, though, to completely burn the coal – only enough to make some heat for the gasification reaction. The partial oxidation also makes its own gasification agent, carbon dioxide. Carbon dioxide reacts with the rest of the carbon in the coal to form carbon monoxide (this is the endothermic gasification reaction, which needs heat input). Gasification is a process that converts organic- or fossil fuel-based carbonaceous materials into carbon monoxide, hydrogen and carbon dioxide.
Carbon monoxide in the synthesis gas, is reacted with steam through the water-gas shift reaction to produce additional hydrogen and carbon dioxide. Hydrogen is removed by a separation system, and the highly concentrated carbon dioxide stream can subsequently be captured and stored. Brown coals are generally preferred for gasification over black coals for several reasons. The main reason is that, because of the high oxygen content of this type of coal, it is less chemically stable and therefore easier to break apart during the gasification reaction. Plus there is a small boost from the hydrogen that is already present in the coal. Water-gas shift reaction is therefore used to reduce the CO concentration and produce additional H2. 


3. Production of Hydrogen from Electrolysis of water
 Electrolysis is a promising option for hydrogen production from renewable resources. Electrolysis is the process of using electricity to split water into hydrogen and oxygen. This reaction takes place in a unit called an electrolyser. Electrolysers can range in size from small, appliance-size equipment that is well-suited for small-scale distributed hydrogen production to large-scale, central production facilities that could be tied directly to renewable or other non-greenhouse-gas-emitting forms of electricity production.
Like fuel cells, electrolysers consist of an anode and a cathode separated by an electrolyte. Different electrolysers function in slightly different ways, mainly due to the different type of electrolyte material involved.
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Hydrogen is produced via electrolysis by passing electricity through two electrodes in water. The water molecule is split and produces oxygen at the anode and hydrogen at the cathode. Three types of industrial electrolysis units are being produced today. Two involve an aqueous solution of potassium hydroxide (KOH), which is used because of its high conductivity, and are referred to as alkaline electrolysers. These units can be either unipolar or bipolar. A membrane is placed between the cathode and anode, which separate the hydrogen and oxygen as the gasses are produced, but allows the transfer of ions.. The membrane allows the H+ ion to transfer from the anode side of the membrane to the cathode side, where it forms hydrogen. 
Alkaline Electrolysers
Alkaline electrolysers operate via transport of hydroxide ions (OH-) through the electrolyte from the cathode to the anode with hydrogen being generated on the cathode side. In an alkaline system the reaction at each electrode are: 
Alkaline Hydrogen Production at the Cathode 2 H2O + 2e-→H2 + 2OH
Alkaline Oxygen Production at the Anode 2OH-→½ O2 + 2 H2O + 2e-
 Alkaline Electrolysers need KOH mixing tank, as no electrolytic solution is needed for these electrolysers. Another example involves water purification equipment. Alkaline Electrolysers also include water purification inside their hydrogen generation unit.. For systems that do not include a water purifier, one is added in the process flow. A water storage tank is included in an alkaline electrolyser to ensure that the process has adequate water in storage in case the water system is interrupted. Each system has a hydrogen generation unit that integrates the electrolysis stack, gas purification and dryer, and heat removal. 
Hydrogen generation unit is also included in alkaline systems. Oxygen and purified hydrogen are produced from the hydrogen generation unit. If desired, a compressor and hydrogen storage can be added to the system. Hydrogen storage and compression are included in the process diagram below, for purposes of this analysis a hydrogen storage is also included. Typical utilities that the electrolysis systems need include electricity for electrolysis and other peripheral equipment; cooling water for the hydrogen generation unit; pre-pressurization gas; and inert gas.
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