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ABSTRACT
This study highlights the energy problem and the possible saving that can be achieved through
the use of renewable energy technologies. Also, this study clarifies the background of the study,
highlights the potential energy saving that could be achieved through use of renewable energy
technologies and describes the objectives, approach and scope of the study. The move towards a
de-carbonised world, driven partly by climate science and partly by the business opportunities it
offers, will need the promotion of environmentally friendly alternatives, if an acceptable
stabilisation level of atmospheric carbon dioxide is to be achieved. This requires the harnessing
and use of natural resources that produce no air pollution or greenhouse gases and provides
comfortable coexistence of human, livestock, and plants. The increased availability of reliable
and efficient energy services stimulates new development alternatives. We present and focus a
comprehensive review of energy sources, and the development of sustainable technologies to
explore these energy sources. We conclude that using renewable energy technologies, efficient
energy systems, energy savings techniques and other mitigation measures necessary to reduce
climate changes.
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INTRODUCTION
Over millions of years ago, plants have
covered the earth converting the energy of
sunlight into living plants and animals, some
of which was buried in the depths of the earth
to produce deposits of coal, oil and natural
gas1-3. The past few decades, however, have
experienced many valuable uses for these
complex
chemical
substances
and
manufacturing from them plastics, textiles,
fertiliser and the various end products of the
petrochemical industry. Indeed, each decade
sees increasing uses for these products. Coal,
oil and gas, which will certainly be of great
value to future generations, as they are to ours,
are however non-renewable natural resources.
The rapid depletion of these non-renewable
fossil resources need not continue4. This is
particularly true now as it is, or soon will
be, technically and economically feasible to

supply all of man’s needs from the most
abundant energy source of all, the sun. The
sunlight is not only inexhaustible, but,
moreover, it is the only energy source, which
is completely non-polluting5.
Industry’s use of fossil fuels has been
largely blamed for warming the climate. When
coal, gas and oil are burnt, they release
harmful gases, which trap heat in the
atmosphere and cause global warming.
However, there had been an ongoing debate on
this subject, as scientists have struggled to
distinguish between changes, which are human
induced, and those, which could be put down
to natural climate variability. Notably, human
activities that emit carbon dioxide (CO2), the
most significant contributor to potential
climate change, occur primarily from fossil
fuel production. Consequently, efforts to
control CO2 emissions could have serious,
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negative consequences for economic growth,
employment, investment, trade and the
standard of living of individuals everywhere6.
Combined Heat and Power (CHP)
District Heating (DH), also known as
community heating can be a key factor to
achieve energy savings, reduce CO2 emissions
and at the same time provide consumers with a
high quality heat supply at a competitive price.
Generally, DH should only be considered for
areas where the heat density is sufficiently
high to make DH economical. In countries like
Denmark for example, DH may today be
economical even to new developments with
lower density areas, due to the high level of
taxation on oil and gas fuels combined with the
efficient production of DH7.
Most of the heat used for DH can be
produced by large CHP plants (gas-fired
combined cycle plants using natural gas,
biomass, waste or biogas). DH is energy
efficient because of the way the heat is
produced and the required temperature level is
an important factor. Buildings can be heated to
a temperature of 21oC and domestic hot water
(DHW) can be supplied at a temperature of
55oC using energy sources other than DH that
are most efficient when producing low
temperature levels (<95oC) for the DH7. Most
of these heat sources are CO2 neutral or emit
low levels. However, only a few of these
sources are available to small individual
systems at a reasonable cost, whereas DH
schemes because of the plant’s size and
location can have access to most of the heat
sources and at a low cost. Low temperature
DH, with return temperatures of around 3040oC can utilise the following heat sources:
 Efficient use of CHP by extracting heat at
low calorific value (CV).
 Efficient use of biomass or gas boilers by
condensing heat in economisers.
 Efficient utilisation of geothermal energy.
 Direct utilisation of excess low
temperature heat from industrial processes.
 Efficient use of large-scale solar heating
plants.

Heat tariffs may include a number of
components such as: a connection charge, a
fixed charge and a variable energy charge.
Also, consumers may be incentivised to lower
the return temperature8. Hence, it is difficult to
generalise but the heat practice for any DH
company, no matter what the ownership
structure is, can be highlighted as follows:
 To develop and maintain a development
plan for the connection of new consumers.
 To evaluate the options for least cost
production of heat.
 To implement the most competitive
solutions by signing agreements with other
companies or by implementing own
investment projects.
 To monitor all internal costs and with the
help of benchmarking, improve the
efficiency of the company.
 To maintain a good relationship with the
consumer and deliver heat supply services
at a sufficient quality.
Also, installing DH should be pursued to meet
the objectives for improving the environment
through the improvement of energy efficiency
in the heating sector9. At the same time DH
can serve the consumer with a reasonable
quality of heat at the lowest possible cost. The
variety of possible solutions combined with the
collaboration between individual companies,
the district heating association, the suppliers
and consultants can, as it has been in Denmark,
be the way forward for developing DH in the
United Kingdom. The modernisation of the
system components and their power ranges
which allow easy expandability of the supply
structure, the standardisation of interfaces and
the hybridisation by integration of different
energy converters in order to increase the
power availability, represent the most
important measures from the point of view of
system technology10.
Fuel cells
Platinum is a catalyst for fuel cells and
hydrogen-fuelled cars presently use about two
ounces of the metal. There is currently no
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practicable alternative. Reserves are in South
Africa (70%), and Russia (22%). Although
there are sufficient accessible reserves in South
Africa to increase supply by up to 5% per year
for the next 50 years, there are significant
environmental impacts associated with its
mining and refining, such as groundwater
pollution and atmospheric emissions of sulphur
dioxide ammonia, chlorine and hydrogen
chloride. The carbon cost of platinum use
equates to 360 kg for a current fuel cell car, or
36 kg for a future car, with the target platinum
loading of 0.2 oz, which is negligible
compared to the CO2 currently emitted by
vehicles. Furthermore, Platinum is almost
completely recyclable. At current prices and
loading, platinum would cost 3% of the total
cost of a fuel cell engine. Also, the likely
resource costs of hydrogen as a transport fuel
are apparently cheapest if it is reformed from
natural gas with pipeline distribution, with or
without carbon sequestration. However, this is
not as sustainable as using renewable energy
sources. Substituting hydrogen for fossils fuels
will have a positive environmental impact in
reducing both photochemical smog and climate
change. There could also be an adverse impact
on the ozone layer but this is likely to be small,
though potentially more significant if hydrogen
was to be used as aviation fuel11.
Hydrogen production
Hydrogen is now beginning to be accepted as a
useful form for storing energy for reuse on, or
for export off, the grid. Clean electrical power
harvested from wind and wave power projects
can be used to produce hydrogen by
electrolysis of water. Electrolysers split water
molecules into its constituent parts: hydrogen
and oxygen. These are collected as gases;
hydrogen at the cathode and oxygen at the
anode. The process is quite simple. Direct
current is applied to the electrodes to initiate
the electrolysis process. Production of
hydrogen is an elegant environmental solution.
Hydrogen is the most abundant element on the
planet, it cannot be destroyed (unlike

hydrocarbons) it simply changes state (water to
hydrogen and back to water) during
consumption. There is no CO or CO 2
generation in its production and consumption
and, depending upon methods of consumption,
even the production of oxides of nitrogen can
be avoided too. However, the transition will be
very messy, and will take many technological
paths to convert fossil fuels and methanol to
hydrogen, building hybrid engines and so on.
Nevertheless, the future of hydrogen fuel cells
is promising. Hydrogen can be used in internal
combustion engines, fuel cells, turbines,
cookers gas boilers, road-side emergency
lighting, traffic lights or signalling where noise
and pollution can be a considerable nuisance,
but where traffic and pedestrian safety cannot
be compromised. Measures to maximise the
use of high-efficiency generation plants and
on-site renewable energy resources are
important for raising the overall level of
energy efficiency12.
Hydrogen is already produced in huge
volumes and used in a variety of industries.
Current worldwide production is around 500
billion Nm3 per year (United Nations, 2003).
Most of the hydrogen produced today is
consumed on-site, such as at oil refineries, at a
cost of around $0.70/kg and is not sold on the
market (United Nations, 2003). When
hydrogen is sold on the market, the cost of
liquefying the hydrogen and transporting it to
the user adds considerably to the production
cost. The energy required to produce hydrogen
via electrolysis (assuming 1.23 V) is about (33
kWh/kg). For 1 mole (2 g) of hydrogen the
energy is about (0.066 kWh/mole) (United
Nations, 2003). The achieved efficiencies are
over 80% and on this basis electrolytic
hydrogen can be regarded as a storable form of
electricity. Hydrogen can be stored in a variety
of forms:
 Cryogenic; this has the highest gravimetric
energy density.
 High-pressure cylinders; pressures of
10,000 psi are quite normal.
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Metal
hydride
absorbs
hydrogen,
providing a very low pressure and
extremely safe mechanism, but is heavy
and more expensive than cylinders, and
 Chemical carriers offer an alternative, with
anhydrous ammonia offering similar
gravimetric and volumetric energy
densities to ethanol and methanol.
One of the negative results of growing
prosperity worldwide has been an increase in
waste generation from year to year. In
response, policy-makers and researchers are
examining how best to decouple waste growth
and economic growth12.
Hydro power
Hydropower has a valuable role as a clean and
renewable source of energy in meeting a
variety of vital human needs. The recognition
of the role of hydropower as one of the
renewable and clean energy sources and that
its potential should be realised in an
environmentally sustainable and socially
acceptable manner. Water is a basic
requirement for survival: for drinking, for
food, energy production and for good health.
As water is a commodity, which is finite and
cannot be created, and in view of the
increasing requirements as the world
population grows, there is no alternative but to
store water for use when it is needed.
However, the major challenges are to feed the
increasing world population, to improve the
standards of living in rural areas and to
develop and manage land and water in a
sustainable way. Hydropower plants are
classified by their rated capacity into one of
four regimes: micro (<50kW), mini (50-500
kW), small (500 kW-5 MW), and large (>5
MW)13.
Wind energy
Water is the most natural commodity for the
existence of life in the remote desert areas.
However, as a condition for settling and
growing, the supply of energy is the close
second priority. The high cost and the
difficulties of mains power line extensions,
especially to a low populated region can focus

attention on the utilisation of different and
more reliable and independent sources of
energy like renewable wind energy14.
Accordingly, the utilisation of wind energy, as
a form of energy, is becoming increasingly
attractive and is being widely used for the
substitution of oil-produced energy, and
eventually
to
minimise
atmospheric
degradation, particularly in remote areas.
Indeed, utilisation of renewables, such as wind
energy, has gained considerable momentum
since the oil crises of the 1970s. Wind energy,
though site-dependent, is non-depleting, nonpolluting, and a potential option of the
alternative energy source. Wind power could
supply 12% of global electricity demand by
2020, according to a report by the European
Wind Energy Association and Greenpeace15.
Wind energy can and will constitute a
significant energy resource when converted
into a usable form. As Fig. 1 illustrates,
information sharing is a four-stage process
and effective collaboration must also provide
ways in which the other three stages of the
‘renewable’ cycle: gather, convert and utilise,
can be integrated. Efficiency in the renewable
energy sector translates into lower gathering,
conversion and utilisation (electricity) costs.
A great level of installed capacity has already
been achieved. The offshore wind sector is
developing fast, and this indicates that wind is
becoming a major factor in electricity supply
with a range of significant technical,
commercial and financial hurdles to be
overcome. The offshore wind industry has the
potential for a very bright future and to
emerge as a new industrial sector, as Fig. 2
implies. The speed of turbine development is
such that more powerful models would
supersede the original specification turbines
in the time from concept to turbine order 16.
Levels of activities are growing at a
phenomenal rate, new prospects developing,
new players entering, existing players
growing in experience; technology evolving
and, quite significantly, politics appear to
support the sector.
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Fig. 1 : The renewable cycle
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Management and measurement tools adopting environmental management
systems appropriate for the business.
Performance assessment tools - making
use of benchmarking to identify scope for
impact reduction and greater ecoefficiency in all aspects of the business.
Best practice tools - making use of free
help and advice from government best
practice programmes (energy efficiency,
environmental
technology,
resource
savings).
Innovation and ecodesign - rethinking the
delivery of ‘value added’ by the business,
so that impact reduction and resource
efficiency are firmly built in at the design
stage.
Cleaner, leaner production processes pursuing improvements and savings in
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waste minimisation, energy and water
consumption, transport and distribution, as
well as reduced emissions.20
Supply chain management - specifying
more
demanding
standards
of
sustainability from ‘upstream’ suppliers,
while supporting smaller firms to meet
those higher standards.
Product stewardship - taking the broadest
view of ‘producer responsibility’ and
working to reduce all the ‘downstream’
effects of products after they have been
sold on to customers.
Openness and transparency - publicly
reporting on environmental performance
against meaningful targets; actively using
clear labels and declarations so that
customers are fully informed; building
stakeholder confidence by communicating
sustainability aims to the workforce, the
shareholders and the local community.
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Fig. 2 : Energy impact of ventilation
It has been known for a long time that urban
centres have mean temperatures higher than
their less developed surroundings. The urban
heat increases the average and peak air
temperatures, which in turn affect the demand
for heating and cooling. Higher temperatures
can be beneficial in the heating season,
lowering fuel use, but they exacerbate the
energy demand for cooling in the summer
times. Neither heating nor cooling may
dominate the fuel use in a building in
temperate climates, and the balance of the
effect of the heat is less. As the provision of
cooling
is
expensive
with
higher
environmental cost, ways of using innovative
alternative systems, like the mop fan will be
appreciated. The solar gains would affect
energy consumption. Therefore, lower or
higher percentages of glazing, or shading
devices might affect the balance between
annual heating and cooling loads. In addition
to conditioning energy, the fan energy needed
to provide mechanical ventilation can make a
significant further contribution to energy
demand. Much depends on the efficiency of
design, both in relation to the performance of
fans themselves and to the resistance to flow
arising from the associated ductwork. Fig. 2
illustrates the typical fan and thermal

conditioning needs for a variety of ventilation
rates and climate conditions.

RECOMMENDATIONS
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Launching of public awareness campaigns
among local investors particularly smallscale entrepreneurs and end users of RET
to highlight the importance and benefits of
renewable, particularly solar, wind, and
biomass energies.
Amendment of the encouragement of
investment act, to include furthers
concessions, facilities, tax holidays, and
preferential treatment to attract national
and foreign capital investment.
Allocation of a specific percentage of soft
loans and grants obtained by governments
to augment budgets of R and D related to
manufacturing and commercialisation of
RET.
Governments should give incentives to
encourage the household sector to use
renewable energy instead of conventional
energy. Execute joint investments between
the private sector and the financing entities
to disseminate the renewable information
and literature with technical support from
the research and development entities.
Availing of training opportunities to
personnel at different levels in donor
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countries and other developing countries to
make use of their wide experience in
application and commercialisation of RET
particularly renewable energy.
The governments should play a leading
role in adopting renewable energy devices
in public institutions, e.g., schools,
hospitals, government departments, police
stations, etc. for lighting, water pumping,
water heating, communication and
refrigeration.
Encouraging the private sector to
assemble, install, repair and manufacture
renewable energy devices via investment
encouragement and more flexible licensing
procedures.

The non-technical issues related to clean
energy, which have recently gained attention,
include: (1) Environmental and ecological
factors, e.g., carbon sequestration, reforestation
and revegetation. (2) Renewables as a CO 2
neutral replacement for fossil fuels. (3) Greater
recognition of the importance of renewable
energy, particularly modern biomass energy
carriers, at the policy and planning levels. (4)
Greater recognition of the difficulties of
gathering good and reliable renewable energy
data, and efforts to improve it. (5) Studies on
the detrimental health efforts of biomass
energy particularly from traditional energy
users.
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