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Abstract

The main aim of this study is to look for alternatives to current power generation techniques and look for ways for existing as
well as future technologies to combat global warming by reducing greenhouse gas emissions through installation of renewable as
well as carbon capture technologies. Power Generation has been an issue of focus not only in developed countries but also in
developing countries. Global warming and climate change with rising fossil fuel prices with diminishing reserves in recent years
has pushed urge to create clean and reliable energy technologies. This report particularly looks into alternative sources of energy
and what technological options are there for current as well as future power generating system. Economically IGCC with carbon
capture and nuclear power are the stable, reliable and clean for base load of power generation due to rising gas and unstable oil
prices. Countries having reserves of oil and natural gas go with power generating systems based on them though in future these
technologies will be modified to be used with Di-Methyl ether or Bio diesel generators. Biomass and Nuclear power have the
lowest GHG emissions during operation followed by renewable technologies like solar or wind. Solar thermal systems are
gaining momentum with large scale plants being deployed in areas with isolated population. Coal with carbon capture and
storage seems to be a viable option right now but with rising carbon prices the technology will be at par with nuclear in terms of
cost and life cycle operation. Technologies like Fuel cell and Hydrogen Power are still into development which may or may not
be commercialized by 2050. At present for existing fossil based power plants Co-firing of coal with biomass, gas with DME and
oil with Bio diesel are seen as immediate alternative technologies to reduce GHG emissions. Short term alternatives to power
plants would be introducing Carbon capture and Storage technologies with large offshore wind farms and solar PV panels getting
across the map of Europe due to strong government commitment to overcome GHG emissions. The option of nuclear power is
back on table for several countries who are trying to reduce their carbon emissions but decommissioning, recycling waste and
disposal of radioactive fuel is a matter of great concern.
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I. INTRODUCTION

Countries first used reciprocating Steam engines to produce power using coal. Hydro power was next to produce power but it
was spark and diesel combustion engines in early 20™ century marked the entry of oil and gas to in power generation on a
commercial scale. Hence Coal, oil, gas and Hydro power provided power until 1950. Nuclear age came after Second World War
and rapid investments were done in America and Europe to exploit it. It was after the 1970’s oil crisis that led world
governments thinking about alternative sources of energy to replace fossil fuel. Also global warming and greenhouse emissions
led researchers looking out for clean and geographically reliable energy sources. This gave birth to technologies like wind and
solar which are now seen technically and economically feasible to produce power. Fuel cells and Hydrogen power though
expensive are technologies of 21* century. While there is competition between these new renewable technologies and fossil fuels
to produce power, nuclear fusion which has yet to demonstrate itself might be a potential frontrunner. (Breeze, 2005)

I1l. TECHNICAL REVIEW

A. Coal Technology in power production

At present Super-Critical Pulverized Coal (SCPC) Power is an established technology with almost all the new coal power plants
are based on it. Pulverized coal is heated and super critical steam is generated which not only enhances the efficiency of the plant
but also reduce the undesirable pollutants. New technology with Ultra Super Critical (U-SCPC) power plants has 50% efficiency
reaching high temperature and pressure. The other technology available is the Integrated Gasification Combined Cycle (IGCC)
where thermo chemical reaction between coal and oxygen is partially burned to manufacture a gas mix containing carbon
monoxide (CO), carbon dioxide (CO,), Hydrogen (H,) and tiny amount of Hydrogen Sulphide (H,S). After purifying the gas mix
it is fired to produce the exhaust which in turn generates the super critical steam in the heat recovery system generator used to
drive the turbine. The efficiency is almost the same at 46% for both although IGCC has lower non greenhouse gas emissions.
Technological Statistics are presented in Table 1 (ETSAP, 2010).
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Table -1
Key Statistics For Technologies Used In Coal Based Power Generation
Technologies U-scPC | IGCC
Energy Input Hard Coal + Biomass (up to 25%)
Output Electricity
Efficiency % 46 % | 46%
Construction (mths) 42-54 months
Technical Lifetime in years 40
Load % 75-90 %
Max Plant Availability 90%
Typical (Capacity) size MW 600-1100 250-1200
Installed (existing) size GW 1260 1

Source: (ETSAP, 2010)

B. Gas and Oil technology in power production

Gas firing power systems are quite clean and efficient than coal. There are 2 types of gas firing systems.
— Open Cycle Gas Turbine (OCGT)
— Combined Cycle Gas Turbine (CCGT)

OCGT plants consist of a single compressor or gas turbine which is connected to the electricity generator through a shaft. At
full working capacity they give about 42% efficiency and often used for peak load demand.

CCGT on the other hand can be used for both intermediate as well as peak power demand and is an established source of
technology. Heat associated with the gas turbine exhaust is entrapped in a Heat Recovery Steam Generator (HRSG) which is
then used to rotate the electric turbine and produce electric power. It usually has more than one gas turbine and has an operating
efficiency between 55-60%.CCGT not only uses gas but also can be replaced with Qil and produce peak power demand. This
dual nature of CCGT with high efficiency makes it a favourable option for investment. It is also used to produce combined heat
and power up to 277MW per gas turbine (Kehlhofer et al, 2009). Due to high volatility of gas and oil prices and political
setbacks it is not considered as a best option to build a new plant in UK or EU. Technological Statistics are presented in Table 2
(ETSAP, 2010). Future for CCGT is to use Di Methyl Ether as fuel. (Lee et al, 2009).

Table -1
Key Statistics for Technologies Used In Gas Based Power Generation
Technologies OCGT | CCGT
Energy Input Natural Gas
Output Electricity
Efficiency % 35-42 % | 52-60%
Construction time in months 24-30 months
Technical Lifetime in years 30
Capacity (Load) Factor % | 10-20% [ 20-60%
Max Plant Availability 92%
Typical (Capacity) size MW | 10-300 | 60-430
Installed (existing) size GW 1168

Source: (ETSAP, 2010)

C. Biomass and Bio fuels and waste

Combustion of biomass is yielded as a CO2 free process and there are many ways to exploit it with co firing with coal one of
them. Figure 1 shows the different conversion of Biomass Technologies.

e A thermal process of Pyrolysis is when heat is applied for breakdown of molecules in absence of air to give useful
products like bio oil, Syngas. Gasification involves when pyrolysis is done with less supply of oxygen to produce
producer gas. Thermo chemical up gradation of gases during the gasification is by adding Hydrogen to the feed to
obtain methane.

e Biochemical Digestion involving bacteria in absence of oxygen produces biogas containing up to 60% methane. During
the Fermentation process of sugar cane produces bio ethanol. Domestic and Animal waste can be burnt to produce
energy. Technological Statistics are shown in Table 3 (ETSAP, 2010) (Oregon state website).
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Fig. 1. Fuel Production with Biomass
Table - 2
Key Statistics For Technologies Used In Biomass Power Generation

Technologies Biomass CHP | Anaerobic Digestion CHP | Co firing with Coal
Energy Input Biomass
Output Electricity
Efficiency % 16-36% | 26-32% | 36-44%
Construction time in months 18-30 months
Technical Lifetime in years 25
Capacity (Load) Factor % 76-91 75-80 80-90
Max Plant Availability 93 80 90
Typical (Capacity) size MW 50 0.3-10 100
Installed (existing) size GW 30 4 10

D. Wind Energy

A wind turbine comprises typically of a 3 blade turbine but 2 blade turbines are emphasized nowadays mostly due to the reason
that the structure becomes light and the overall costs for production are reduced considerably. Rotor moment of inertia in a 3
blade wind turbine is easy to understand as well as better visual effects with less noise than a 2 blade turbine. Thus 3 blade
turbines are widely used in onshore applications with large populations. (BWEA, 2010) (IET Fact file).
Table - 3
Basic Design approach for Wind Turbines

No. Basic Design Approaches Characteristics
1 To resist high speed wind load Usually having 3 or more blades with less rotor tip speed ratio having high solidity and
(Gedser Mill) reliability.
5 To be comply with shed loads Usually having 1-2 blades with higher rotor tip speed ratio having low solidity with high
(Hutter Turbine) performance.

To control loads mechanically and/or
3 electrically.
(Smith Putnam)

Usually having 2-3 blades with medium rotor tip speed ratio with high control and directions
of blades can be moved mechanically

(Thresher, 1998)

Modern Grid Connected Turbines follow the 3 option shown in Table 4 because it gives better power quality, rotor tip speed

ratio is low and lower structural costs than 1 because it does not have to withstand high speed winds. The Europeans Wind

Turbine Standards (EWTS) Project is started for better exchange of wind energy standards between different countries like

Germany, Netherlands and furthermore harmonise standards at a global level with American and Indian Standards (Ackermann-
Soder, 2000).

E. Solar Energy

When a crystal of pure silicon is subjected to sufficient light energy there is a random movement of electrons which jump out of
holes and return back to the source atom, on returning back the energy gained by electron is given up which is then transformed
into electrical energy. Different solar energy technologies with their basic principles are given in Figure-2 below (ETSAP, 2010).
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Fig. 2. Different Solar Energy Technologies
The major solar thermal Technologies that have been developed explored in table 5. The Parabolic Trough System is
commercially available and can be used in conjunction with a fossil fuel based power plant. Parabolic dish system is the shows
potential technology but lacks commercial demonstration. (IET, 2010) (Boyle, 2004)

Table - 4
Different Solar Thermal Technologies.
Technology Principle Disadvantages

Parabolic Trough Solar energy is concentrated on a receiver pipe located Low conversion efficiency, supplementary fuel source and

System along focal line of one axis trough collector system. large volumes of cooling water.
Central Receiver Heliostats reflect solar energy on heat exchanger mounted Less proven performance characteristics and high costs

System on apex of a tower. has made this system yet not commercialized.

Parabolic Dish 2 axis tracking dish is sued to concentrate solar energy on a Lack of commercial size distribution.
System heat exchanger located at focal point of the dish

(ETSAP, 2010)

111.DISCUSSION

Currently Co firing of Biomass has gained momentum in UK and Europe. Drax and Ferry-bridge currently fire Biomass directly
in the boiler with the former also used pet coke on a trial base which was successful. Low NO, burners and Flue De-
Sulphurization plants remove the harmful NO, and SO, emissions respectively up to 90% in a coal power plant. Long term plan
of Carbon Capture Storage is under plans with UK actively trying to be a leader in it. With CO2, SO, NO, removed from a coal
based power plant then Coal stands to be a clean and stable source provider. Estimates for building a new IGCC based coal
power plant in Kent is put at £1bn, new gas fired station is put at £800m and nuclear power station at £1.5bn (BBC, 2008). Coal
Generation with Biomass Co firing is the immediate alternative while Power Plants with CO, capture is the best alternative to
near future with concept of cleaner coal also coming into spotlight with abundant proven reserves of coal being found in world.
Replacing coal with nuclear power stations is an alternative with electricity price stability and no dependence on international
coal market prices and imports and reducing 90% emissions. (Beer, 2010)

A. Economic Factors

Parsons Brickerhoff conducted a study to real time cost of operating and maintaining the power plants. Figure 3 include cost
involving levelised, fuel, carbon offset, capital, operating and maintenance, decommissioning. Clearly nuclear is a winner in with
costs staying in the same range with variables such as inflation, fuel prices, decommissioning costs. OCGT system for peak load
has 2 alternatives , one having peak load at 20% and another with oil-gas fired OCGT will have rising costs when wind
generation falls considerably and OCGT is used for peak power production.

From figure 4 big variations are seen in the capital costs of different technologies, where nuclear and Renewable are having
high capital costs, fuel costs are negligible when compared to conventional power sources. Costs of fossil fuels are highly
fluctuating involving political and geographical factors. Operation, maintenance and general overhead costs are relatively
consistent for all systems with OCGT and wind farms having lowest and highest costs respectively.
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Fig. 3. Cost for producing Electricity in pence/KWH. Source: Parsons Brinckerhoff.
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Fig. 4. Cost Breakdown of all Technologies Source: Parsons Brinckerhoff

B. Environment Factors

Today whether its fossil fuels or renewable energy, environmental impact is taken into consideration to lower the greenhouse
gases and more importantly find cleaner and efficient technologies for future. Power generation technologies account for a large
amount of global emissions of which emissions from fossil fuels are outlined below and they are compared with nuclear and
biomass energies.
Table - 5
Key Statistics of Environmental Emissions for different Power Generation Technologies.

Energy Technology CO2 and other SO2 NOx Particulate matter Fly ash By
Source emissions, KG/MWH g/MWH g/MWH g/MWH Kg/MWH products
COAL SCPC 730-850 110-250 180-800 8-25 60-70 Gypsum
IGCC 700-750 50 70 5-25 60-70 Sulphur
OCGT 480-575 - 50 - - -
GAS cCGT 340-400 - 30 - i -
B Biomass CHP Negligible 30-60 60-65 11-24 0.07-0.08
| Anaerobic Negligible ) ) ) )
o} Digestion CHP
M
'g Co Fgg;ﬁ with Negligible - <400-800 - - -
S
Nuclear None during Operation - - - - -

Source: (ETSAP, 2010)

It can be seen from Table 6 that Combustion of coal produces a lot of global emissions while it is reasonable for gas and
biomass the former is exposed to price fluctuations while latter cannot be subjected to large scale power plants. Co firing
biomass with coal leads to a significant amount of NOx emissions. Nuclear is the best option environment point of view with
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only its size of land for construction a matter of concern. Clearly nuclear power is a winner in all aspects whether it’s economic
analysis or environmental aspects and keeping the prices of electricity low and stable for a long time.
These emissions are of a great concern to mankind and a number of legislations have come into effect to curb them.

C. Legislations

Kyoto Protocol (1997) and Copenhagen Summit (2009) are the driving force behind United Kingdom (UK) and European
Union’s (EU) attempt at reducing greenhouse gases and setting emissions reduction target. This led to a number of legislations
which came into effect to meet the targets. European Union Emissions Trading Scheme (EU ETS), Integrated Pollution
Prevention and Control (IPCC) regulation and Large Combustion Plants Directive (LCPD) came into effect to curb the pollution
of undesirable pollutants.

1) EU ETS (European Union Emissions Trading Schemes)

Started in 2005 it is world’s first functioning greenhouse gas emissions trading system. Each EU member state has a European
Commission approved National Allocation Plan (NAP). Emissions from installations covered by system are monitored by an
overall cap which is further converted into allowances where 1 allowance=1tonne of CO, EU member states are distributed the
allowances which at the end of the year account for their actual emissions. Installations with surplus allowances can sell to other
companies and if installations go beyond their limit they need to buy allowances from other installation. In this way the
emissions remain fixed because the allowances are fixed (Carbon Trust UK).

2) LCPD (Large Combustion Plants Directive)

Its main aim is to control emissions of SO,, NO, and suspended Particulate Matter (SPM) by reducing acidification and ground
level ozone formation throughout Europe by regulating power stations, refineries steel industries etc. It is imposed on new plants
built after 1st July 1987. Plants built before have 3 options 6 power plants including 3 oil fired ones have opted out of total 16 in
Great Britain. Graph showing LCPD for power plants in GB with number of hours remaining before they shut down are shown
below in Figure 6 (DECC, 2010).

LCDP OPTIONS FOR
PLANTS BUILT
BEFORE 1ST JULY
1987

MEET NEW EMISSION 20,000 OPERATIONAL CLOSE BEFORE 1ST JAN

LIMITS BY FITTING FLUE  4oURS BETWEEN 1ST 2008
GAS DESULPHURIZATION  jaAN 2008 AND 31ST

AND LOW NOx BURNERS JAN 2015

Fig. 5. LCPD options for power plants
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Fig. 6 Special Feature-LCPD affecting plants in United Kingdom. Source: DECC
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UK has set its own ambitions and targets to reduce greenhouse emissions. Climate change Act 2008 and Climate Change Act

2010 with Energy Act 2008 and Energy Act 2010 are the UK legislations to meet the targets.
Table - 6
UK legislation covering Climate change and Energy Policies.
Aims
to develop carbon management, helping the shift towards a low-carbon economy in the UK
Climate Act 2008 —  toshow UK leadership internationally, signalling the commitment to taking active participation of
responsibility for dropping global emissions in the context of developing negotiations on global
agreement at Copenhagen in December 2009.
reflection on accessibility of new technologies (such as Carbon Capture & Storage (CCS) and up-and-
Energy Act 2008 coming renewable technologies
— match up with the UK's changing requirements for secure energy supply (like offshore gas storage)
— Guard our environment and tax payer as energy market changes for United Kingdom.
The Act includes provisions on:
Energy Act 2010 - Carl_)on capture and st(_)rage_(CCS)
— Introducing mandatory social price support
—  Fairness of energy markets
—  Measures to improve energy efficiency
3)The Energy Security —  Measures to improve energy security
and Green Economy Bill —  Measures to clarify liabilities and responsibilities
— Additional measures to enable investment in low carbon energy supplies (to facilitate low carbon
generation)

Legislation

(DECC, 2010).

D. Carbon Capture and Storage

Climate change is the biggest challenge man faces in this century. Though alternative sources of energy like wind, hydro, solar
and geothermal have been developed; they are not capable of replacing the current fossil fuel based power plants to meet the
base load for power generation. Thus in the transition period fossil fuel based power plants will be required to be operated but
cleaner technologies will be needed thus the need for carbon capture arises.

Power station

Fig. 7. Basic Carbon Capture Storage And Utilization. (Extracted From BBC Website)

— CO2 injected in empty coal mines displacing CH4 which is valuable fuel

— CO2 injected and stored deeply within saline aquifers

— CO2 can be easily used for extraction of oil directly provided it’s feasible.
Figure 7 shows the basic CCS and CCU. Currently there are 3 principle ways to trap the CO, produced in large combustion
plants.

—  Oxyfuel Combustion

—  Pre Combustion

— Post Combustion
In future chemical looping will be developed where CO,is obtained without contact of fuel and air.

1) Oxy Fuel Combustion

Air is replaced by O, during the combustion of fuel which does not produce Nitrogen in flue gas which then primarily comprises
of water vapour and CO, by condensing the flue gas stream cools to water and a pure concentrated stream of CO,,
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— Limitation: limited technology exists to separate oxygen from air which requires large amount of energy. Once
technology improvements are achieved it seems this may be the best option for commercial use in lignite based large
power plants.

2) Pre combustion

solid fuel is converted into synthesis gas (CO+H,0). CO is then reacted with steam to produce CO, and H, Absorption is used to
separate CO, and H, out of which H, is combusted to give water vapour as flue gas. Advantage is that it produces hydrogen,
chemicals and electricity which are all useful.

- Limitation: technology update is required for the gasifier and gas turbine.

3) Post Combustion

Scrubbers are used to separate CO, from flue gas using amines by absorption process. Once CO, is absorbed, solvent is heated to
release pure CO, with steam from the turbine and can be reused again.
- Limitation: Overall efficiency of plant is reduced in heating the solvent.

Captured CO?2 is then transported from plant to near storage sites which include Existing/Depleted Qil fields and Deep Saline
Aquifers by Physical, Solubility and Mineral trapping where it is stored for millions of years safely.
(Vattenfall Website)

Currently pilot plants are being operated for Carbon Capture and Storage so demonstration plants can be commercialised are
shown in table 8.

Table - 7
Carbon Capture and Storage sites with size and location.

. Size (tonnes of Working/ .
Company Location CO,lyear) Technology planned Storage Site
Statoil Sleipner Field-North Sea Imillion Post 1996-2002 Deep S_allne
Combustion Aquifer
Dakota Gasification Saskatchewan Canada 3 million Pre 2000-2004 Depleted Oil
Company ' Combustion 2004-2009 Fields
Sonatrach :
BP Salah, Algeria 1.2million Post . July2004 Deplgted oil
- Combustion onwards Fields
StatoilHydro
Statoil Mongstad, Norway 100,000 POSI. 2009 onwards -
combustion
Vattenfall Ferrybridge, UK 36,500 POSt. July 2009 -
combustion onwards
Gaz deFrance , Dutch Amsterdam, The Post
Government Netherlands 20,000 Combustion 2004 onwards j
Post .
Vattenfall Spremberg, Germany 87,500 Combustion 2008 onwards Empty gas field
CO2CRC Otway Basin, Australia 32,500 Post 2008 onwards Deep Saline
Combustion Aquifer

(Vattenfall, 2010)(Dgc, 2010)(Gccsi, 2010)(Sintef, 2010)

IV.CONCLUSION

With new environmental directives coming from EU and UK government companies investing in new power plants have to deal
a lot before they can commercialize them.

- The immediate option to Coal power generation technology is to have up to 25% Biomass Co-firing.

- Long term alternative to fossil fuel is to introduce Carbon Capture with pilot plants for CCS already in use.

- With the ability to produce hydrogen new Coal Power plants if built should be IGCC because they have lower
greenhouse gases than SCPC, hence hydrogen can be utilised for a Hydrogen economy in future.

- Nuclear still stands out to be the best alternative option for producing heat and electricity replacing fossil fuels for base
power production provided the funding and social constraints are met. With zero emissions during the operation
together in the midst of Legislations like LCPD and EU ETS simultaneously with rising gas and instable oil prices make
nuclear power as the best option for base power production.

- As carbon Capture coal power plants comply within the EU limit of emissions, more time to explore other form of
energies like hydrogen, ethanol based fuels will be made commercially viable together with a green low carbon and
hydrogen economy to replace fossil fuels by 2050.

- Green energies like off shore wind Turbines are a viable option for intermediate load and also to reduce load on the base
power plants with technological improvements and lower manufacturing costs in the last decade.
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- Exploitation of Solar and wind power technologies has already begun with more coming designed for providing a base
load for producing power ultimately replacing fossil fuels.

- Government initiatives on solar energy for electricity and heating should be used in remote places and at a domestic and
community level to reduce the pressure on the base power plants in countries with high solar radiation.

- Biomass and Bio fuels must be operated in villages and remote places for Combined Heat and Power up to 30MW size
plants.

- Thus overall a mixture of power generating technologies like nuclear and coal with biomass co firing fitted with carbon
capture technology will provide base load for power generation right now. Doing so will reduce not only the operating
and maintenance costs but will reduce the environmental emissions dramatically in coming years complying with EU
legislations and reaching 1990 levels of emissions by 2050.
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