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The DECC Call for Evidence for the 2050 Pathways Analysis ran from 27 July to 5 October 2010. The text below shows the answers where responses were provided; not all respondents replied to all questions.
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Q1. Scope of model:

Q1.a. Temporal variations in supply and demand and the potential role of Hydrogen
We believe that the degree to which hydrogen is glossed over or entirely omitted within the report is a major omission.  Hydrogen could potentially contribute significantly to meeting many of the major challenges highlighted in the report, especially those concerning grid balancing, energy storage, fuel for the transport sector (including large freight), the flexibility and financial viability of CCS, bio-energy constraints, evolution of the gas network, etc.
One of the main reasons that hydrogen's potential role remains invisible to this model is that it does not take a dynamic view of varying energy supply and demand.  Another reason is that the flow of energy between sectors is not fully accounted for, particularly at timescales demanded by weather-dependent renewables.  Understanding the effects of weather patterns on the balance between energy supply and demand at any given moment requires year-round, dynamic (short-timestep) and holistic (i.e. including heat power and transport sectors) analysis of the system.  Weather systems frequently demand grid balancing adjustments over periods of days and weeks.
Hydrogen production by electrolysis can be used as a grid balancing load and a source of clean fuel for use (predominantly) in the transport sector.  Electrolysis enables time-shifting of loads over longer timescales than most other energy storage options, which are generally applicable at timescales of seconds, minutes and hours rather than the days and weeks that hydrogen achieves.  Hydrogen provides an energy source for vehicles that gives longer travelling range than battery-only electric vehicles and also enables refuelling times of around 5 minutes.  Hydrogen can be used in the production of low carbon, synthetic fuels for aviation and heavy, long-distance freight transport.
Because hydrogen predominantly takes the energy that must be absorbed in balancing the grid and tranfers it to the transport sector, it also dramatically reduces the need for electricity storage within the power sector.  The latter simply incurs financial and efficiency costs, whereas the former converts a low value by-product into a high-value fuel at relatively high efficiency (approx 70%, using the higher heating value of hydrogen).
Hydrogen is produced in pre-combustion CCS, enabling more efficient plant operation, better return on investment, wider market applicability, higher value revenue streams (from off-sales to transport applications) than post combustion CCS methods.

Q2. Scope of sectors:
Q2.a. No.  As described in Section 1 above, the inclusion of hydrogen into the model opens up a range of alternative possibilities that are not presented and could address many of the challenges outlined in the report.

Q3. Input assumptions and methodologies:
Q3.a The potential deployment of hydrogen powered vehicles has not been fully explored. 
There is little more than a vague assumption that fuel cell vehicles (FCVs) will play a role and no consideration of the potential that hydrogen internal combustion engines (HICEs) might have in the early stages of a transition to hydrogen markets (or how they might be instrumental in boosting parts of the UK automotive sector).
Q3.b. 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. 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. The option of conversion of electrical energy to fuels is ignored.
In addition, our experience of 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.
Q3.g. Comment as per Section 3 (b) above: there is a general lack of robust analysis of the relative pricing of alternative fossil fuels in many recent studies.  This is fundamental to the development of an accurate model for the uptake of alternative fuels.

Q4. Common implications and uncertainties:


Q4.a. By almost totally ignoring hydrogen, the key commonalities related to its potential contribution are omitted.  This, in turn, affects the validity of some of the key commonalities mentioned in the report: e.g. those relating to energy storage, FCV deployment, bio-energy deployment.
A separate issue is that the assumption in the Common Messages section that energy can be easily traded through interconnectors does not take into account the potentially competing dynamic supply and demand issues across international borders that my constrain such international trade.  To take account of this, dynamic modelling of the international energy system must be undertaken, or a more cautious view of the value of interconnectors taken.

Q5. Impact of pathways:

Q5.a. System Dynamics
Dynamic (i.e. short-timestep), holistic (i.e. cross-sectoral) analysis of the functioning of energy systems is critical.  Without it, many issues are rendered invisible.  Revealing such 'elephants in the room' as hydrogen and other energy storage technologies can significantly affect the attractiveness of many of the pathways explored and suggest various others that should be investigated.

Q6. Cost analysis:

Q6.a. A dynamic and holistic analysis, incorporating economic data, can reveal the importance of techno-economic factors that affect the viability of many technologies and pathways.  This is especially relevant with respect to the low capacity factors demanded of many technologies in low carbon energy systems that must balance intermittent and inflexible supply with variable demand.

Q7. Future improvements to model:

Q7.a. 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 for example illustrates that fossil fuelled generation with CCS may be more expensive than non-thermal renewable energy, http://www.wupperinst.org/uploads/tx_wiprojekt/RECCSplus_final_report.pdf
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 the production of hydrogen by electrolysis is not modelled at all, despite its probable role by 2050. It appears that hydrogen production by electrolysis is simply not permitted in the calculator.
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 by Robin Wallace and Dimitri Mignard at Edinburgh University. Research and Development is already well underway to manufacture hydrocarbon fuels using hydrogen and carbon dioxide, for example at Solar Fuel Technology GmbH and Carbon Recycling International.
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. 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.
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.
How we can help
Bryte Energy is an engineering consultancy that specialises 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 (http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TH1-4Y7P4M4-1&_user=10&_coverDate=12%2F15%2F2010&_rdoc=1&_fmt=high&_orig=search&_origin=search&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=13b9f3e9952c15da314fb2ac7fd44321&searchtype=a)
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.  Our contact details are provided on the attached flyer.
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