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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.


Organisation name: Loughborough University and Bryte Energy Ltd


Q1. Scope of model:
Q1.a. Temporal variations in supply and demand and the potential role of Hydrogen (See comments sexction for references)
Non-thermal renewable energy is very variable. In the UK, non-thermal renewable energy is dominated by onshore wind, offshore wind and wave power. Each of these sources has an average capacity factor of about 30%, and all 3 are closely temporally correlated. The peak supply of these renewable sources is close to 3 times the average, leading to curtailment of their electricity, even when aggregated over the whole of the UK. That is unless some flexible demand can step in and make good use of surplus electricity. Conversely, at times of low supply and high demand, for example when the UK is under a winter high-pressure weather system, the supply of electricity from these sources can drop close to zero. The length of time of these peaks and troughs of renewable energy supply can last for days to weeks, but can also create rapid swings in power output, (Sinden 2005, Oswald, Raine & Ashraf-Ball 2008). Simple time-shifting of electrical demand cannot cope with these longer term variations.
We believe that the degree to which hydrogen is glossed over, and electrolysis is entirely omitted within the report is a disturbing major omission. .
Hydrogen has the potential to contribute to the solution of 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 time step) 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.  To date, all storage technologies struggle to be financially viable, (Mott MacDonald 2003)but electrolysers do have substantial potential for cost reduction, (Newborough 2004, Roy 2010)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 also 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 transfers 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 also produced in pre-combustion CCS, enabling more efficient plant operation, better return on investment, wider market applicability, and higher value revenue streams (from off-sales to transport applications) than post combustion CCS methods. A key consideration is that pre-combustion CCS can run continuously, producing hydrogen that can stored for use in CCGT generating plant or other uses.

Q2. Scope of sectors:
Q2.a. No. As described in 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.
The omission of hydrogen production by electrolysis precludes futures with higher levels of non-thermal renewable energy generation and more nuclear power but lower levels of biomass and fossil fuel use.
Q2.b. Yes

Q2.c. Yes


Q3. Input assumptions and methodologies:
Q3.a. No. In the transport sector, 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). HICEs are cheaper than FCVs and offer efficiencies not much worse than FCVs.
Q3.b. There are other methods for converting biomass directly into fuels, notably thermal depolymerisation (TP). TP appears to be most suitable for fatty biomass waste, for example slaughterhouse waste, but may be extended to other types.
The hydrogenation of biomass also offers a way of making fuels at much greater carbon efficiency. Instead of immediately releasing some carbon dioxide in the fuel production process, all the carbon contained in a biomass material can be converted into fuel by reaction with hydrogen from electrolysis (Mignard, Pritchard 2008, Mignard, Pritchard 2006, Srinivas, Malik & Mahajani 2007). - See document attached to section 7a for these references.
Q3.e. What do you mean by ‘long term spatial development’? Does this mean urban sprawl? or over-centralisation of services?
Q3.g. 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.
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.

Q4. Common implications and uncertainties:
Q4.a. No. 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.  Wind power in particular is affected by weather systems spanning many countries (Oswald, Raine & Ashraf-Ball 2008). 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.
Again, references in document attached to section 7a.
A further point about biomass resource: Level 4 of UIK biomass resource sets out a scenario in 2050 in which 4.2 million hectares of land is used to grow biomass. The amount of biomass energy produced seems to imply a production of 20 tonnes of dry biomass per hectare per year and a calorific value of 17MJ/kg. This might just be possible from well irrigated, well fertilised land, but not from the low-grade, low-maintenance upland that will tend to be left over after food production has been satisfied.

Q5. Impact of pathways:
Q5.a. System Dynamics
Dynamic (i.e. short time step), holistic (i.e. cross-sectoral) analysis of the functioning of energy systems is critical.  Without it, some issues are rendered invisible, such as long-term variability of renewable energy supply and weather-related patterns of energy demand.  The ability of all energy networks to balance supply and demand of energy at all times of day, week and year, and in all weather patterns, is an extremely important criterion. Novel solutions can, and should be, investigated: hydrogen production by electrolysis; plug-in hybrid vehicles that do not have to be charged from the grid at all on days of low electricity supply; heating systems that can use either electricity or a fuel.  

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. More details and references in the attached document.
Note that this response is a refinement of the previous response by Rupert Gammon at Bryte Energy Ltd, and includes a few more points and references for evidence.
Q7.b. Yes, distributed generation (microgeneration) and retro-fitting of energy efficiency meaasures fall into this category. It is unlikely that no housholds will install a particular generation, and it is also highly unlikely that every household will adopt that technology. Perhaps a rate of development along a trajectory might be chosen, from pioneers, through early adopters and late adopters to stragglers.
it is also worth recognising that local concentrations of certain technologies might run up against technical constraints. For example, if all houses in one street were to install a large amount of solar photovoltaic panels, that would push the distribution line voltage above its upper limit, but only in sunny weather when local electricity demand is low.
[See Loughborough University and Bryte Energy Ltd attachment]
