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In reply to the National Grid Consultation paper entitled 
“Operating the Electricity Transmission Networks in 2020” 

 
R. Bass, W. Malalasekera and H.K. Versteeg 

Wolfson School of Mechanical and Manufacturing Engineering,  
Loughborough University, Leics LE11 3TU, UK. 

 
About the authors of this reply and their current work 
 
Robert Bass graduated from Loughborough University as an Electrical Engineer. In 
his long industrial career he has worked in the Nuclear, Steel and Sugar industries.   
He was appointed as a main board Director of British Sugar Plc. in 1986 and was 
responsible for engineering in the 17 factories, annual capital expenditure and 
maintenance. He studied at the Harvard Graduate School of Business on the 
Advanced Management programme in 1980. In 1988 he became responsible for the 
company diversification programme as the company moved into joint ventures to 
generate power for the national grid. He has been involved in a number of research 
and development projects in control engineering and published papers within the 
international sugar world on these subjects. During recent years he has been directly 
involved in the development, concept design, funding and project management of a 
number of gas fired power plants. He has a good knowledge on wider issues of 
power generation including renewable energy and is interested in its efficient capture 
and delivery into the electricity supply chain. He recently completed a Ph.D. at 
Loughborough University in 2008 entitled “ The potential benefits of strategically 
located energy storage and integration of power from renewal energy sources.  
 
W. Malalasekera is a Professor in the School of Mechanical and Manufacturing 
Engineering at Loughborough University who has worked in the development of 
combustion, radiative heat transfer, numerical techniques for CFD for over 20 years. 
He gained his Ph.D. at Imperial College in 1988 working with Professor Fred 
Lockwood who pioneered the initial theoretical developments to make it possible to 
study coal-fired furnaces with CFD. Prof. Malalasekera has a substantial national and 
international reputation supported by many publications in the field of CFD, 
combustion and radiative heat transfer. At Loughborough he conducts courses in 
combustion, heat transfer (includes environmental radiation) and contributes to M.Sc 
courses in Thermo-fluids. He has a keen interest in energy related issues and he is 
engaged in numerous research work associated with efficient combustion and energy 
related aspects. H.K.Versteeg is a Senior Lecturer in the Wolfson School of 
Mechanical and Manufacturing Engineering who is mainly interested in 
interdisciplinary research with a focus on the application of computational fluid 
dynamics (CFD). He is engaged in many thermo-fluid related projected and has 
contributed to the development fundamental work on radiative heat transfer. 
Versteeg and Malalasekera are the co-authors of the book “An Introduction to 
Computational Fluid Dynamics: The Finite Volume Method”. this book is used as a 
CFD course text world-wide. Versteeg and Malalasekera were also the co-
supervisors of the Robert Bass’ recent Ph.D. on energy storage and renewable 
energy. 
 
Based on our recent work and experience we offer the following responses to 
the questions asked in the consultation paper. We also that we have done 
considerable work in some of the areas discussed in the consultation paper 
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and a recently written paper which address some of the issues is attached for 
further information. 
 
Question 7 
 
The use of the CCGT power plants to provide both flexibility (i.e. variability output to 
compensate for the unpredictability of renewable energy (RE)) and security of 
supply will have a number of consequences. 
 
Each time a CCGT plant is required to deliver power at a rate below its optimum 
performance, the conversion of the fossil fuels into electricity will be inefficient: 
 
Technical Issues 
1) The fuel usage per MWh generated will increase and as a consequence the CO2 

emitted into the environment will also increase per MWh  
2) When CCGT plants are required to restart either from a ‘Hot or Cold’ condition 

increased volumes of NOX are emitted 
 

Financial issues 
3) The economic implications of performing the response role add to the adverse 

position of the CCGT plants as their cost increase per MWh exported: 
a) The fuel cost rise 
b) The CO2 trading costs  increase 
c) The staff operating costs increase 
d) The maintenance costs increase particularly with respect to the gas 

turbine costs  
e) All the Fixed Overhead costs increase 

 
Environmental Targets 

a) Some of the claimed reductions of the UK CO2 emissions due to the use 
of power generated by the RE sector will be lost as the balancing stations 
emit more CO2.  

 
Funding New Capacity 
As the proportions of RE increases (specifically from the use of wind power) no 
realistic estimate of the income streams for the CCGT plants will be possible. This 
makes a priori calculations of the return on capital difficult. Therefore, it will be 
increasingly difficult to raise the capital funds to build new power plants to perform 
these services as the providers the Senior Debt (The banks) or the equity holders 
(The Owners) would place a high risk factor on such projects. 
 
Research Results 
The above assertions are substantiated by the attached paper (to be presented at 
the 5th Dubrovnik Conference on Sustainable Development of Energy Water and the 
Environment Sept 2009) describes work carried out at Loughborough University to 
evaluate the impact on a modern CCGT generating power plant of operating at 
various levels below the optimum operating conditions and during plant start-up. This 
work was carried out using data from an operational plant and identifies the 
increases in fuel used, CO2 and NOX emitted. 
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A second paper is currently being prepared which places specific values on the cost 
implications for GGCT plants when required to modulate the output variability of 
renewable energy. 

 
It is now possible to calculate the increased physical impact and the resulting cost of 
any power output profile demanded of a CCGT plant when required to provide a 
variable pattern of power generation.   
 
Question 17  
 
We agree with National Grid’s view that low wind conditions place little confidence on 
the ability of wind power to provide power when evaluating electricity operating 
margins. If the system is to rely upon this sector to provide marginal capacity, it will 
require extra wind turbines to be installed across a wide geographic area to provide 
the target volumes of renewable energy and to make provision for marginal power 
contributions etc. 
 
In particular we suggest that the greater proportion of wind energy installed will 
require back-up power available for a very significant proportion of this capacity if 
secure supplies are to be guaranteed. The attached weather data for December 
2006 from 20th to 27th (issued by the Metrological Office) indicates clearly that little or 
no wind power would have been generated  by this sector for 7 days across the 
whole of the United Kingdom at a time when the national power demand is high. 
During this period the conditions across the whole of the UK was subjected to a 
period of very low wind speeds. This was caused by an anti-cyclone centred over the 
central / southern part of England lasting for 6 days. Attached figure at the end of 
document illustrates the surface pressure map of the UK and the adjacent coastal 
waters on 20th December. This kind of weather patterns can result in no wind power 
or very little wind power and whole reliance of wind power alone to cover a set 
fraction of the power requirement is unreliable. 
 
It is interesting to note that even if tidal energy was part of the overall mix of 
renewable energy, it would be necessary to take into consideration the variations in 
both the output available across any 24 hr period and the variations in power 
available across the lunar cycle from Spring tide to Neap tides.  
 
 
Question 30  
 
The reply to Question 7 above indicated that the funding of new fossil fuel plants will 
be difficult due to the uncertainty of a reliable income stream. The fact that a very 
significant proportion of the current generating capacity is to be progressively retired 
makes the funding issue of new plants and important consideration. This older plant 
currently on the system supplies most of the reserve capacity and as it is now fully 
written down in capital value, the power is supplied at marginal cost.  
 
The removal of the old plants will be happening just as a large increase of variable 
and intermittent renewable energy is planned to be commission on the system. It 
must, therefore, be questioned if new fossil fuelled generating capacity will be funded 
and available to provide secure flexible power without a guaranteed income stream.  
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Question 38 
  
We wish to suggest that the Storage of Energy within the Transmission and 
Distribution (T & D) system developed by Dr Bass at Loughborough University could 
provide a solution to a number of issues raised in your consultation paper. However, 
before energy storage is to play a significant role a number of fundamental questions 
need addressing: 
 

(1) Where should an energy store be placed in the T & D system to  gain 
maximum technical and commercial benefits? 

(2) What would be the optimum capacity of these stores? 
(3) What response characteristic would be required? 
(4) What control and protection systems should be provided? 
(5) What savings can be attributed to such stores?  

 
     For the industry players 
          a) Reduced T & D losses,  
          b) Better utilisation of the T & D system 
          c) Reduced capital requirements for new T & D lines  
          d) Provision of Balancing Services & Black Start 
          e) Trading opportunities 
   
      For Customers 
          e) Reduced Triad charges 
          f ) Reduced Unit charges 
          g) Increased security of supply 
          h) Potential income from the sale of power and services 
          i) The storage of locally produced RE of use during high priced  
             power 
 
All these questions have been studied at LU and a clear pattern of both the benefits 
and further issues are emerging. It is hoped that further papers will address these 
findings in the near future. 
 
A New Energy Storage Technology 
 
At Loughborough we have been studying the potential of alternative methods of 
storing energy beyond those technologies which have been well documented. 
 
Currently, we are studying the development of a system to store up to1MWh which 
should have response characteristics similar to those of a flow battery but with an 
expected life cycle in excess of 25 years. it would be simply to manufacture as it uses 
well proven and readily available component parts. 
   
This development has progressed to the point where it is now seeking funds to 
construct a demonstration project. 
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Fig. 1 The Pressure map for the UK on 20th Dec. 2006  
(issued by the Met Office December 2006) 

 
 





 

 

 
(a) Breakdown of power output (Cold start) (b) Gas flow and power output – cold start 

(c) CO2 produced and power output –  
cold start 

(d) Cold start NOx emission rate mg/m3 and 
power output 

Figure 2. Measured output during cold start of the CCGT plant 
 
Hot-Start operation 
The hot start is able to reach full load output when the temperature of the turbines and HRSGs 
have only fallen marginally from operating conditions. This occurs after an outage of 2 to 4 
hours. Typical patterns of gas demand, turbine power production and CO2 emissions is shown 
in Figure 3. 
 

  
(a) Breakdown of power output (Hot start) (b) Gas flow and power output – hot start 

(c) CO2 produced and power output –  
hot start 

(d) Hot start NOx emission rate mg/m3 and 
power output 

Figure 3. Measured output during hot start of the CCGT plant 


