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(1) Overview

Hydrogen produced from renewable sources and used in fuel cells to power multiple applications has the potential to revolutionize the energy sector in a sustainable way. The use of hydrogen is particularly important in transportation, where energy consumption (mostly oil) and greenhouse gas emissions are expected to increase in the coming years. (HyWays, 2008) Even though hydrogen production is still more costly than other fuels, technology improvements in production and high oil prices have improved its economics. Many fuel cell producers have recently announced the cost of the fuel cells is approaching a competitive level, and some demonstration projects are already on the road all over the world. However, without infrastructure there will be no demand for hydrogen and fuel cell technology, and in that situation automotive companies will be unwilling to supply fuel cell cars. On the other hand, without demand there will be no private agents interested in building up the infrastructure. This is the so-called “chicken-or-egg” dilemma. (Plotkin, 2007)
In order to solve this dilemma, the challenge is to bring together the automotive industry supplying the fuel cell car, and the infrastructure to produce, deliver and retail hydrogen. Infrastructure promoters can be found among oil and gas companies, industrial gas companies and electric utilities. Gas and electric utilities might be particularly interested in promoting hydrogen for stationary appliances such as decentralized power generation or small cogeneration of heat and power (CHP) systems.
It is recognized that liberalization of the European energy networks (as electricity and gas) creates new opportunities for the actors, as well as new uncertainties especially concerning investment planning. (Jamasb and Pollitt, 2005) In addition to the regular uncertainties such as the investment risk (investment cost, construction duration), the operational risk (operational costs, particularly input prices), and the demand risk (the demand response can follow or not the projections), the new institutional framework brings also market, regulatory and innovation uncertainties. Firstly, as the market share is henceforth the result of competition, companies are not anymore sure about their future share. Secondly, the deregulation of the network industries raises dynamic uncertainties about the regulatory framework in the future (market concentration, CO2 regulation, etc.) Finally, liberalization amplifies innovation uncertainties. The new context is expected to change the way companies choose their investments. They will prefer to pick low risk innovations, but low long-term benefits to the society (i.e. environment, fuel diversification, economy). (Dixit and Pindyck, 1994) 
Our paper is focused on financing the early hydrogen infrastructure (mobile and stationary). The objective is to improve the understanding about the impact of uncertainties in the investment in hydrogen infrastructure. The research encompasses three main questions: i) which are the uncertainties in the hydrogen infrastructure investment? ; ii) how they will affect investment behavior? ; and iii) what can government do in order to reduce the uncertainty environment ?.
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(2) Methods

Our research is based on qualitative analysis complemented by descriptive statistical instruments. Uncertainties are first identified and possible impacts are explicitly analyzed. The application of financial concepts (net present value, portfolio standard theory and real options theory) is discuss in order to assess the impact of each uncertainty on the investment behavior in the hydrogen infrastructure. 
(3) Results

The main result of the present research is the analysis of different uncertainty sources surrounding new projects on hydrogen infrastructure, as well as their impact on delaying investments in a business-as-usual case. Particular attention is given to the policy implications in order to lower barriers for infrastructure investment. 

(4) Conclusions
Hydrogen for mobile and stationary appliances needs both technology and infrastructure available, which requires huge investments in R&DD, facilities, etc., with high technological risk. Moreover, since the deregulation, utilities have to integrate market and regulatory uncertainties in their investment analysis. In this riskier environment, it seems plausible they are less willing to invest in new technology (or demanding higher returns to accept to undergo the same project), which delays hydrogen market introduction. 
Furthermore, most of the benefits of the new technologies are not appropriable by the investor. Regulators and governments should design market rules in order to internalize those externalities and therefore send the right signals to investors. Also, regulation should be set in order to lower investment barriers in the hydrogen infrastructure. Particularly, public private partnerships can be very important to accelerate technology development (such as fuel cell vehicles), and to ramp up the infrastructure.
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