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Abstract  
 
This paper presents an overview of renewable energy 
technologies, the hydrogen economy, and the impact of 
renewable energy technologies penetration on energy 
price. The paper begins by presenting an overview of 
different energy sources and the impact from hydrogen as 
a fuel into the energy market along with the problems 
associated with hydrogen energy. The work proceeds to 
investigate the applications of hydrogen as a fuel and its 
effects on investment policy in energy industry.  
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1. Energy supply technologies 
 
Continuing population growth and rising incomes lead to 
greater energy consumption, as well as more waste. Over 
the next few decades, the number of people who are 
affected by energy shortages is likely to increase several 
fold. Economically viable methods for renewable energy 
production can reverse this trend and ensure a continuous 
supply of energy. The increasing global energy demand 
and concern about the environmental impact of excess 
usage of fossil fuels have progressively increased the 
interest in energy from renewable energy sources. The 
development of renewable energies into the energy 
market is being pursued by several governments around 
the world in an effort to abate climate change, provide 
security of energy supply and reduce air pollution. In 
order to reduce the carbon emission, policy makers set 
some high targets to achieve. The current UK target 
against 1990 emissions is 34% cut in emissions by 2020. 
Furthermore, an 80% cut in emissions by 2050 is also 
targeted [1], [2].   
 

There are many different energy sources existing. These 
can be grouped into three main categories such as fossil 
fuels, nuclear and renewable energy sources [2], [3]. 
Fossil fuels include coal, petroleum and natural gas/oil 
amongst others. Nuclear fission and fusion are considered 
as the nuclear energy sources [4], [5]. In general 
renewable energy is a clean and non-polluting energy and 
it’s produced from sustainable energy sources [6]. The 
main renewable energy sources are solar, wind, wave, 
tidal, bio-energy and geothermal energy [7], [8], [9], [10]. 
 
Among these renewable sources, solar energy is one of 
the most promising energy sources for widespread 
application [11], [12], [13]. The reason for that includes 
its free access and abundance for most of the places in the 
world. Due to its intermittency and fluctuation, one of the 
important research challenges is to improve the system’s 
efficiency and performance. However, it is evident that 
the solar system has been deployed widely and more and 
more organisations and people are benefiting from 
installing photovoltaic panels, which converts the solar 
energy to electrical energy [14]. It is estimated that the PV 
industry had a global total of 40GW capacity which is a 
significant compared with other renewable energy sources 
[12], [14].  
 
Wind energy is also widely distributed but wind regimes 
differ significantly both within and between regions, and 
variations in wind speed can have a profound effect on 
energy output [15], [16], [17]. Grid connected wind 
power, from large turbines has seen rapid market growth 
recently. The amount of wind power currently installed is 
about 200GW with a growth rate of 40GW installed 
annually worldwide. However the annual growth rate 
differs considerably between regions even within a 
country. For example, expected annual growth rate is 33% 
in Wales and 22% in the UK [17]. Increasing the amount 
of wind power has significant effects on the electrical grid 
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that has to carry the additional load. Large erratic 
fluctuations of wind power are a common characteristic 
and have to be compensated by spinning reserve or 
increased storage facilities. Besides conventional storage 
systems (e.g. pump storage stations, battery/flywheel 
storage) in recent years a particular research emphasis has 
been placed on hydrogen storage systems and associated 
consumption in electric drive vehicle fleets [17], [18], 
[19], [20], [21], [22]. 
 
Wave energy is a clean and renewable energy source and 
its potential is huge, as the energy per meter of wave front 
is substantial along large reaches of oceanic coastline and 
wave energy machines are typically able to convert about 
75% of available wave power into useful energy [23], 
[24]. The biggest problem wave energy faces is the cost, 
but the technology improves and the cost of the 
production drops it will develop into a competitive 
renewable source of energy [24]. 
 
Tidal energy is a form of hydropower that converts the 
energy of tides into useful forms of energy [25]. Tidal 
energy is generated by potential energy from changes of 
water level and tidal stream. The relative celestial 
movements of the earth, the sun and the moon cause a 
periodic movement of the sea surface, and such 
fluctuation of the sea water called tide. Tidal energy could 
provide a quarter of the UK's electricity, but the cost is 
expected to be very high. The UK has some of the fiercest 
tidal currents in the world, but the latest report on 
Renewables from the Committee on Climate Change 
(CCC) states that the tidal turbines will deliver energy at a 
higher cost than PV in 2040. The CCC offers a view as to 
the output of a tidal turbine, suggesting that in a 'high' 
case the figure will be 40%. That is, the average 
electricity output of a 1MW turbine over the course of a 
year will be 400kW. But with sustained research and 
development effort and financial investment through 
government support, tidal energy may become one of the 
UK's most important industries [7], [26], [27]. 
 
Bio-energy production and usage presents a more 
complicated outlook than the other renewable energy 
technologies [28], [29], [30].  This is due analysts taking 
different positions about the likely impacts of significant 
bio-energy use. However, bio-energy is widely seen as an 
important renewable energy resource, with a potentially 
significant role in enabling decarbonisation in the UK and 
globally [28], [29]. 
 
Geo-thermal energy is basically, the heat energy from the 
Earth and it can be found almost anywhere. Many regions 
of the world are already tapping geothermal energy as an 
affordable and sustainable solution to reducing 
dependence on fossil fuels, and global warming [27].  
However, only a handful of locations exist across the 
world that are capable of producing viable and efficient 
levels of electricity from geothermal energy sources and 
as a result of this, in 2007, less than 1% of the world's 
electricity supply was produced from geothermal sources. 
But, recent technological advances have dramatically 
expanded the range and size of viable resources, 

especially for applications such as home heating, opening 
the potential for widespread exploitation [7], [16].  
 
Hydrogen is another alternative to cope with the increased 
global energy demand [31], [32], [33]. It is an energy 
carrier (an energy carrier moves and delivers energy in a 
usable form from producers to consumers) and store, so 
can help with variability and aggregation of a number of 
different energy sources plus hydrogen vehicles [34].  Its 
produce no harmful emissions when used in a fuel cell. 
The remaining section of this paper investigates the 
hydrogen energy together with a cost analysis in terms of 
both commercial and technological maturity.  

 
2. Renewable Hydrogen Energy 

 
The attraction of using hydrogen as an energy carrier is 

growing rapidly in order to satisfy the increasing energy 
needs due to the growing global energy demands and 
energy shortages with high efficiency, lower emissions 
and low fuel usage [1]. Hydrogen is of considerable 
relevance in such circumstances, since hydrogen produced 
from renewable sources has the flexibility to be used as a 
clean, safe and convenient transport fuel [19]. Several 
automobile manufacturers have committed to develop 
vehicles using hydrogen. If hydrogen is prepared without 
using fossil fuel inputs, vehicle propulsion would not 
contribute 2CO  emissions. The drawbacks of hydrogen 

use are low energy content per unit volume, high tankage 
weights, very high storage vessel pressures, the storage, 
transportation and filling of gaseous or liquid hydrogen in 
vehicles, the large investment in infrastructure that would 
be required to fuel vehicles, and the inefficiency of 
production processes. Significant research efforts have 
been made to resolve the problems encountered. For 
example, the renewable hydrogen research  and 
demonstration centre at the University of Glamorgan, UK, 
focuses on the production of renewable hydrogen in the 
following methods; solar powered hydrogen production, 
optimising the electrolyser performance, wind power, and 
bio-hydrogen production from renewable biomass or 
waste. Renewably produced hydrogen, accessible from a 
number of production routes with no carbon emissions is 
an ultimate target [6], [19]. Similarly to this project, there 
are several research and demonstration projects carried 
out around the world. Apart from the transportation 
sector, the effort to increase the amount of renewable 
energy we use is important to a great variety of other 
sectors as well; especially in the area of housing and 
building, and process and production industries [14], [17]. 
Focus lies both on the increase of efficiency and on the 
change from fossil and nuclear fuels to more sustainable 
solutions. One way to integrate a sustainable solution to 
the energy market is through hydrogen [1], [18], [35], 
[36]. It is therefore, essential to search for design and 
operating conditions which lead to reduction of energy 
dissipation and consequently lower hydrogen production 
cost to promote the hydrogen technologies [37]. In 
addition to the energy consumption, the cost of the 
technology and final cost of the hydrogen fuel determine 
the place of hydrogen energy in the energy market [19], 
[20], [38], [39].  
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3. Cost analysis and hydrogen economy 

 
Energy cost in any given renewable energy source 

depends on the system’s design and operation 
characteristics and the quantity and type of losses 
encountered during production and delivery to the end 
user [16], [19]. In this section the energy cost for the 
hydrogen is analyzed with reference to the other 
renewable energies such as solar and wind energy. 

 
Investing in renewable energy could lead to economic 

growth and ensure energy security. Furthermore, it can 
result in technological advancement, create new business 
and jobs [40]. According to International Energy Agency 
(IEA) Levelised Cost of Energy (LCOE) of solar 
photovoltaic was £162 pounds per MWh in 2008 which is 
now £137 pounds per MWh and predicted to be reduced 
to be only £28 per MWh by 2030. In the long term, a third 
generation of PV materials, currently at the laboratory 
stage, may be able to deliver even more radical reduction 
in cost [12], [13]. Similarly for the case of wind energy 
cost is now about £30 pounds per MWh and expected to 
be decreased to £18 pounds per MWh. Thus, it should be 
noted that investment in renewable energy reduces total 
costs and takes part in economic growth [15], [39].  

 
An economically viable way to start using the 

renewable energy (in most cases) is in the production of 
electricity. The cost of electricity produced by wind 
turbines and PV modules can be calculated by the 
following equation [7], [41]. 
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Where, eC is the cost of electricity generated (£/kWh), 

ki
C is the cost of installed capacity for the wind turbines 

or PV modules, rC is the capital recovery factor, τ is the 

operational time, kC is the capacity factor. This capacity 

factor for wind turbines is generally defined as the ratio of 
the annual average power output to the rated power 

output. Similarly for the PV cells, PVC  is defined as the 

ratio of the annual average power output to the peak 

power output. 0C is the operational cost and mC is the 

maintenance cost. 
 
In the case of hydrogen energy, determining the cost of 

hydrogen is very difficult in the current stage of the 
hydrogen economy [19]. The calculation of the price 
involves assumption of mass production, taxes, and the 
way in which hydrogen produced. For example, through 
wind farm or via electrolysis etc, It should be noted that in 
order to achieve the benefits from a hydrogen economy, 
hydrogen need to be produced from a renewable energy 
source [1]. If hydrogen is produced from wind power for 
the purpose of vehicle refuelling, the distance between the 
hydrogen fueling station and wind to hydrogen production 
facility play a significant role in the determination of the 

final cost of the hydrogen energy [17]. Furthermore, the 
hydrogen economy is a network composed of three 
functional steps; production, storage and consumer 
(usage), therefore it is important to consider the costs of 
the entire fuel cycle from well to wheels, otherwise the 
cost of hydrogen energy can differ significantly. By 
adopting the well to wheels approach, it is possible to 
estimate the potential cost of carbon free hydrogen 
generated from renewable sources relative to the use of 
gasoline in typical vehicles today [7], [42]. The 
relationship of the estimated cost of carbon free hydrogen 
is given by the following equation; 

 
G
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Where, 
2HC is the cost of carbon free hydrogen 

(£/gallon), η is the total efficiency and is dependent on 

the way the renewable hydrogen is produced, it may 
include electrolyzer conversion efficiency and hydrogen 

storage efficiency etc. reC (£/kWh) is the reference cost 

of renewable energy such as wind or PV, GceC ( kWh) is 

the capacity of chemical energy in a gallon of gasoline 
(i.e, the capacity of gasoline gallon equivalent). By using 
this formula and comparison of cost analysis, the cost of 
hydrogen per kg in a variety of scenarios can be 
estimated, for example, hydrogen from wind and solar 
cost about 5 - 6 £/kg and 3 -5 £/kg respectively. It is an 
indication that the hydrogen economy is within sight, but 
how fast we get there will depends on many factors such 
as commitments and investment. Furthermore, energy 
policy and progress to date play a key role to the 
successes of a hydrogen economy [39]. In the next section 
of the paper the effects of investment policy in (hydrogen) 
energy industry is investigated.  
 

4. Energy policy  
 
Government energy policy is a key factor to the success of 
a hydrogen economy [10], [27], [31]. It is important to 
note that environmental policies differ significantly [7], 
[9], [34]. Furthermore, hydrogen technologies and their 
applications may require modification of general energy 
policy. It is evident that European countries have the most 
supportive policies and success in exploiting renewable 
hydrogen energy resources. For example, the UK 
government is investing £400 million to support the 
development and evaluation of the potential for hydrogen 
as a fuel for ultra-low carbon vehicles in the UK. This 
programme is called UKH2 Mobility. The objective of the 
programme is to position the UK to begin the commercial 
roll-out of hydrogen fuel cell vehicles in 2014/15; 
similarly Sure4Mobility project is ongoing in Germany. 
Overall in Europe, European Commission (EC) invests 
considerably and supports the development, 
demonstration and deployment of hydrogen technologies. 
Furthermore, in order to achieve its challenging hydrogen 
vision EC provides the European hydrogen and fuel cell 
road map (Fig.1). 
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Fig.1.The European hydrogen and fuel cell road map (www.hfpeurope.org/hfp/keydocs) 

 
 

 
In addition to this, modification of energy policy towards 
renewables is suggested via five components third 
industrial revolution theory [43]. The five components 
are; shifting to renewable energy, using buildings as 
power plants, deploying storage, using the internet to 
transform power grids and electrifying personal 
transportation. However, it is very difficult to achieve 
successful transformation by fulfilling one task at a time. 
The transition must see all of these pillars emerge 
together. The change is not easy, it is not instant, but it is 
necessary to solve the energy problems and ensure 
sustainable development of civilization. 

 
 

5. Conclusion  
 
In this paper, an overview of renewable energy 
technologies, the hydrogen economy, and the impact of 
renewable energy technologies penetration on energy 
price has been presented. In particular, the overview is 
mainly focused on the hydrogen energy and its impact on 
energy market. Overall, we move closer to the 
implementation of hydrogen technologies. It is important 
to note that appropriate policies are vital to the success of 
renewable energies, and in particular for the hydrogen 
economy. 
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