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OVER the last three decades the world has witnessed the emergence and growth of the ‘hydrogen economy’.
As a developing country, Pakistan has also to make a strategic choice. We do not have ‘to mimic the industrial countries, and go through a phase that is dirty and wasteful and creates an enormous legacy of pollution.’ We should “leapfrog over some of the steps followed by industrial countries and incorporate modern efficient technologies”.

Hydrogen, a zero-carbon fuel that can be produced by splitting water with renewable sources, and fuel cells, which convert the chemical energy of hydrogen directly into electricity without combustion, constitute the key elements for building a sustainable, secure and competitive clean energy economy.

Commercial exploitation of natural gas in Pakistan commenced in 1955. It created a highly complacent attitude on the part of the country’s planning pundits that the availability of this fossil fuel was unlimited. The stark reality has now dawned that the domestic natural gas resources are getting rapidly exhausted. The planned natural gas supply from external sources, although highly vulnerable from the geopolitical point of view, is likely to generate another phase of damaging complacency.

It is surprising that even under the current bleak scenario, hydrogen does not feature in the portfolio of alternate sources of energy. The reason is simply lack of awareness on the part of our institutions and vision on the part of our political leadership.
Albert Einstein once said ‘visions are more important than knowledge, because knowledge is finite’. From the point of view of energy security it is important that we embark upon a transition strategy for the hydrogen economy. We should first develop an integrated plan for research, development and demonstration of the hydrogen technologies.

The plan has to be supported by appropriate legislation in order to overcome the institutional and economic barriers. Key milestones should be set up to regularly monitor progress in terms of the penetration of hydrogen in the market. The best bet is that we start in the reverse direction i.e. taking up demonstration first. As a first step we should acquire technologies and technological products for the production and utilisation of hydrogen. Obviously, the decision making process has to be supported by a rigorous assessment of technologies. It would be indispensable for the successful implementation of the plans that a genuine partnership between the government, industry and business is in place. Only a technically well-staffed and commercially oriented corporate sector will be able to manage the operational side of the transition programme efficiently.

A variety of energy-technology-economy models are available to prepare feasible roadmaps. However, short of that, we would suggest on the basis of good judgement that in the short run small communities settled in remote isolated areas like the coastal regions, hilly stations and desert tracks should be provided energy independence.

Hydrogen can be produced using any primary source of energy. Therefore, distributed production of hydrogen becomes feasible, when renewable sources of energy like solar and wind are used. They are eminently advantageous for geographical locations having no access to conventional energy systems. As an example the “Fukuoka Hydrogen Town” in Japan is heralding the beginning of the largest hydrogen powered city in the world according to the organisers.

Unlike electricity, Hydrogen can be stored easily and is supposed to be the only viable approach to store energy quantities of more than 710 GWh. Its production system based on renewable energy is modular, which means it could be scaled up with the growth in demand. For a flexible and stand-alone system, in principle, the following configuration may be followed:

The proposed system will be independent and sustainable. All the needs of the society can be satisfied by hydrogen and electricity. Electrolysis of water provides a satisfactory solution for distributed hydrogen production. It paves an early path to the hydrogen economy obviating the compulsion for establishing up-front transmission/distribution infrastructure. Proton Exchange Membrane (PEM) water electrolysis system provides several advantages compared to the traditional technologies.

It facilitates provision of on-site and on-demand hydrogen at homes, service stations, telecommunication stations, energy intensive desalination of water plants, water pumping stations for irrigation or drinking purposes, and other user sites leading to a reduction in transport/ storage costs.

Integration of water electrolysis with renewable energy systems will assume increasing importance as energy storage medium both for centralised and decentralised systems, and for stationary, portable and mobile systems as secondary energy carriers.

Electrolysis of water needs a theoretical minimum of 39 kWh per kg of hydrogen produced, however in practice a range of 54-67 kWh per kg of hydrogen. The US Department of Energy has set the goal of achieving the cost of delivered hydrogen at $2.0-3.0 per gasoline gallon equivalent (gge) based on fuel energy content before tax by 2015.

The costs of PVs and PEM Electrolysers are steadily coming down. It is expected that by the end of this decade solar electricity cost should be less than $0.10 per kWh with projected cost of installing solar photovoltaic systems lower than $2 per Wp. In the beginning we should develop 5kW, 10 kW and 20 kW stand-alone hydrogen production systems.

The other sector needing our express attention is transport. Hydrogen could be put into wide scale use as an automotive fuel to help address problems of pollution and security of energy supply. Hydrogen and fuel cell vehicles can progressively replace petroleum based road vehicles, particularly two and three wheelers. Specialty vehicles, transit buses and agricultural tractors are already using the e-mobility technology. With the passage of time deployment of hydrogen with fuel cells as power units will phase out the use of electric batteries, which have material constraints.

The urban transport system, which is in a miserable state, stand to get immensely benefited. In the long run, Fuel Cell Electric Vehicle System is supposed to be the future of surface transport. We have the opportunity of cashing in on a distinct advantage.

We do not need to disinvest the huge manufacturing assets of the automobile sector, as they exist in the industrial countries.

Therefore, new enterprises should come up to introduce progressively the hydrogen–fuel cell technology in traction, and develop the necessary supply chain. As a target we should aim at converting at least 0.5 of the transport vehicles fleet in Pakistan by 2020 and one per cent by 2030. It is estimated that the population of cars, trucks and buses will exceed four million by 2010 and six million by 2030. Our focus should coverage on the inter-city urban transport rather than the mainstream. For a population of 20,000 vehicles only about 15.5 t/day of hydrogen will be needed. Infrastructure for production, storage and dispensing of hydrogen has to be created. On site production of hydrogen will be the most economic mode.

Significant cost reductions in the automotive fuel cells have been achieved through improvements in the technology by more than 80 per cent since 2002. The current status is $49 per kW and the target for 2017 is $30 per kW with 5,000 hours durability. Existing technologies could produce hydrogen at the refueling site from water electrolysis with renewable energy sources for a cost of $4.90-5.70/kg (including costs of compression, storage, and dispensing), and wind-powered water electrolysis at a centralised plant for $2.70-3.50/kg (excluding cost of delivery, compression, storage and dispensing). Japan is aggressively pursuing the commencement of commercialisation of FCEVs for the general public by 2015.

Market transformation in our country can be brought about by a well organised and continuing effort by all the stakeholders including federal and provincial governments, automobile companies, utility companies, industry, trade groups, and financial institutions.
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