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Grid Balancing at Times of Surplus

There is one over-riding problem with the model, and one that is not mentioned in the ‘What to watch out for’ section of the introduction to the DECC 2050 calculator tool. That is: what happens to surplus, variable, non-thermal electricity generation when it exceeds total electricity demand?

Under most of the example pathways, the maximum electricity generation will exceed average electricity demand at least some of the time. For example, in Pathway Alpha the total of electricity from non-thermal renewable generation is about 350 TWh/y, making an average of 40GW from these sources. However, most of this will be wind power, and not forgetting that wave power correlates closely with wind power, the typical peak level of electricity generation from these variable sources will conservatively be 80GW and may be up to 120GW. However, the total electricity demand is about 850TWh/y, corresponding to an average of only 97GW. Given that nuclear power is providing about 280TWh/y or an average of 32GW, there will inevitably times when supply exceeds demand unless more radical measures are taken to balance supply with demand. It is unlikely that nuclear power can be flexible enough to cope with the variations on its own.

Pathway Gamma has the most difficulty coping with surplus electricity, having about 510TWh/y of electricity from variable renewables (58GW average, up to 174GW peak), but an average electricity demand of only about 90GW.

Radical flexible demand will be required, such as:

Extra, flexible resistive heating to displace gas boilers and CHP
Hydrogen production using electrolysis of water
More PHEVs that can use up the electricity, but only when that electricity is available

The modelling of very flexible demand and times of surplus electricity supply can really only be undertaken by a time step model to establish how often this happens and the total amount of energy that might otherwise be lost by curtailment of renewable energy.

Limitations of the Calculator Spreadsheet

If a user tries to model a 2050 scenario with high levels of non-thermal renewables and/or high levels of nuclear power, but low biomass use, the calculator cannot cope. The output tells us that electricity supply exceeds demand, but use of liquid petroleum products remain stubbornly high and emissions exceed the 80% reduction target. Even with the maximum electrification of transport, heating and industry, and the maximum levels of storage, demand-shifting and backup, it is very difficult to achieve the 80% emissions reduction. It appears that the calculator forbids the production of hydrogen using surplus renewable energy, and that the only permitted way of decarbonising non-electric fuel use is via biomass or hydrogen production from fossil fuel in conjunction with CCS.

In the calculator, surplus electricity from nuclear and non-thermal renewable sources appears to be wasted.

Capacity factors of electrical generators

The capacity factors of each generator type are not displayed, only the total amount of electricity generated from each source. This has a big impact on the financial viability of building generating plant with high capital cost, for example nuclear power and plant with CCS.

For example, a recent report by the Wuppertall Institute in Germany illustrates that fossil fuelled generation with CCS may be more expensive than non-thermal renewable energy, (Esken et al. 2010)

Low capacity factors, or ‘utilisation’ factors coupled with high costs bode very badly for these capital intensive forms of generation.

Capacity factor is another area where a full time-step model is essential.

Hydrogen and Synthetic Fuels

The conversion of biomass into gas, liquid fuels and solid fuels is modelled in detail with carefully chosen conversion factors at each stage, but as previously stated, the production of hydrogen by electrolysis is not modelled at all.

Furthermore, hydrogen can be, and is already, used to manufacture fuels, thus converting hydrogen into a more conventionally useful form. Today, hydrogen is used in tar hydro-cracking. With known technology, hydrogen could be used to upgrade biomass to hydrocarbon fuels, as researched at Edinburgh University (Mignard, Pritchard 2008, Mignard, Pritchard 2006)

Research and Development is already well underway to manufacture hydrocarbon fuels using hydrogen and carbon dioxide, for example at Solar Fuel Technology GmbH (Solar Fuel ) and Carbon Recycling International (CRI)

Resource Limitations of Biomass

Most of the example pathways use large amounts of biomass without fully addressing concerns over the long-term availability of those resources and their impact on competition for fertile land with food production, dwindling availability of water for irrigation, and the impact on energy security for the UK (Gallagher 2008)

The only example pathway with low biomass use, Pathway Epsilon, still relies on high levels of fossil fuel use with CCS and uses a relatively low level of non-thermal renewable energy. Again, the option of conversion of electricity to fuels is ignored.

In addition, your predictions for the cost- effective availability of biomass supply are predicated on simple calculations that do not take into account the realities of the relative future costs of fossil fuels. Further work is required to provide a robust forecast for biomass pricing up to 2050. It is not realistic to assume that biomass will remain cheap as fossil fuel prices and penalties for using fossil fuels increase.

Definition of Primary Energy

In some pathways, for example Gamma, it is obvious that the primary energy supply from non-thermal renewable energy closely matches the electricity generated from those sources (see report page 21) but in another pathway, Delta, the total electricity generated from nuclear power is only 640TWh/y but the primary energy from nuclear power is 1800TWh/y. This must mean that primary nuclear energy is accounted as energy in the nuclear fuel, not electricity produced from that fuel. This was not immediately clear from the description or the report, but is a minor issue

Comments

Bryte Energy is a specialist consultancy that specialising in the development and deployment of low carbon energy systems. We have extensive experience of the challenges and issues that the proposed model is seeking to address, and have spent many years developing our own software to address these.

Whilst we welcome the development of the proposed model, we believe that it contains a number of fundamental weaknesses

The modelling of realistic flexible demand and times of surplus electricity supply can really only be undertaken by a time step model to establish how often this happens and the total amount of energy that might otherwise be lost by curtailment of renewable energy. This in turn allows opportunities for alternative vectors such as hydrogen to be identified.

In addition, only a dynamic and holistic (cross sectoral) analysis, incorporating economic data, can reveal the importance of techno-economic factors that affect the viability of many technologies and pathways (including the availability of biomass). 

Bryte Energy has a proprietary software model that is able undertake such analysis, and perhaps more importantly the expertise to operate it and interpret its outputs.  The model is called FESA (Future Energy Scenario Assessment).

Information about this model can be found in the attached flyer or in a recently published paper in the Journal of Power Sources
(Barton, Gammon 2010)

We would welcome the opportunity to meet with the DECC Project Team to explore how we may be able to support you in further developing your model, using the know-how and insights we have developed with the application of our FESA software.

[personal details removed]
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