2050 Pathways Analysis – Call for Evidence Response

National Grid owns and operates the high voltage electricity transmission system in England and Wales and, as National Electricity Transmission System Operator (NETSO), we operate the Scottish high voltage transmission system. National Grid also owns and operates the gas transmission system in Great Britain and the distribution system in the heart of England serving approximately eleven million offices, schools and homes. In addition, National Grid owns and operates significant electricity and gas assets in the US.

Key Messages:
National Grid is committed to playing its part in addressing climate change and is supportive of this consultation process. In order to reach the Governments target of 80% Green House Gas (GHG) emissions reduction by 2050, and 15% of energy to be supplied from renewable sources by 2020 we will need Government, industry and consumer collaboration to determine a pathway for meeting these targets. A joined-up approach is essential to get the right legislative and regulatory frameworks in place and ensure necessary infrastructure investment is available in a timely manner for the connection of new renewable and non-renewable sources of electricity generation. We also need to support the development of new technologies to ensure that the targets are met in the most cost effective, diverse and sustainable way. Certainty in both technology and policy are crucial to ensuring the required investment happens; however, we are on the cusp of a paradigm shift in how we store and utilise energy, consequently, it is important and prudent that we avoid action that prematurely closes down technology options.  
We welcome the opportunity to respond to DECC’s 2050 Pathways Analysis Call for Evidence consultation including the development of the 2050 Pathways Calculator model. We believe the model is a comprehensive and excellent tool by which to study the implications of various energy demand levels and sources of energy supply. Clearly the next phase of the model development will be crucial in gaining further insights in the future potential energy mix and the associated system implications of alternative pathways. 
The key messages that in our view are fundamental to understanding how the UK can meet the climate challenge in a diverse, sustainable and affordable way are:

· Energy efficiency measures across all sectors are vital to ensure affordability.

· Decarbonisation of electricity and the role networks (electricity, gas and carbon) in facilitating zero carbon generation, e.g. renewable and nuclear, and low carbon e.g. fossil fuel with Carbon Capture and Storage (CCS).
· Electrification of heat and transport being delivered in a cost effective way.
· Model development that incorporates seasonal demand variation as well as peak demands and the associated system implications.

· The role of back up generation and demand side response in energy balancing with increased levels of intermittent generation. 

· While keeping options open until such time as new technology is commercially proven gas will play an important role in the energy mix. However, gas can be more than just a transitional fuel with the development of CCS and biomethane.
The impact of all of these factors needs to be investigated more fully to gain further insights into how they will affect the plausibility of alternative pathways.
General Comments:

Currently there are a wide range of scenarios being discussed in the market and while each scenario report provides new insights the one thing that is absolutely clear is that the pathway to a low carbon future remains uncertain. It is also clear that there is going to be significant change in how we use and source our energy and that the future will be dependent on technology and infrastructure choices which need to be developed to a state that can be evaluated fully. Hence we need to keep all options open until appropriate research resolves the many barriers to the technologies which we will potentially become dependant on. 

The analysis identifies several common messages across the alternative pathways that will be key to delivering a low carbon future all of which we agree are fundamental. Underlying all is the need for reductions in energy demand through energy efficiency measures which when coupled with the decarbonisation of electricity and the electrification of heat and transport will result in significant reductions in emissions. 

We agree that in all credible scenarios that achieve the targets the electrification of heat plays a significant role; however, its penetration into existing properties without the appropriate levels of insulation will be dependent on the development of new technologies for seasonal storage of electricity and heat (i.e. large scale storage with the ability to provide energy over a long period) and as yet these technologies do not exist at commercial scale. In addition the timing of the electricity network upgrades (in particular distribution networks) to cope with the additional heat requirements will be critical as they would need to be ahead of the demand switch from gas to ensure system constraints do not result in failure to meet demand.  Consequently, keeping alternative options to provide this seasonal/peak heating, e.g. the gas network, is a practical and inexpensive way to ensure costs are minimised while we research alternative technologies/sources and electricity networks are upgraded. 
In addition we see the role for gas in the future as more than just a transitional fuel; technology developments such as CCGT CCS, biomethane injection and CNG vehicles should contribute to the most economic and flexible scenarios by utilising an existing network while also enhancing diversity and hence security of supply. 

With regard to the challenge of electricity balancing with increasing levels of intermittent generation there are a number of back-up supply options available and we agree that the options with the foremost potential identified in the pathways analysis are flexibility designed into generating stations, storage, interconnection and flexible demand. Whilst we believe these will all have a role as part of a portfolio, it is clear that they have different capabilities in meeting the drivers to balance supply and demand. Only generation with associated fuel storage (e.g. CCS coal or gas fired generation) and interconnection can meet prolonged variations in demand or low wind generation output. However, while all but pathway Beta assumes a vital role for CCS in meeting the emissions reductions target by utilising bioenergy credits the pathways appear to understate the potential role of coal and gas generation using CCS.

We are supportive of the work done so far and for the opportunity to contribute to the next phase of the modelling. As part of this response we identify a number of areas for future model development as well as highlighting the work we and others have undertaken. Consequently, we would welcome the opportunity to share the results of this work with you in more detail.

Responses to specific questions:
1. Scope of model:
Are there any low carbon technologies or processes or major demand-side

options which are not currently included within the scope of the model but that

you consider should be in future?

The main key areas that we feel the next phase of model development would benefit from include the following:

· Analysis of seasonal and peak demand variation and the alternative ways to meet cold winter day demands (including the segmented analysis of the housing stock)
· Demand side flexibility options

· Stress tests

· Alternative transport fuels

· Gas power generation with CCS

· Cost analysis (see answer to question 6)

Seasonal demand variation analysis:

While the model comprehensively covers annual energy demand and emissions we feel the next phase of development would benefit from looking at seasonal and within day demands particularly for heat. The effective modelling of seasonal variations in demand and analysing how these can be met from existing sources e.g. gas boilers and new sources e.g. heat pumps and district heating would also enable the identification of the potential contribution from future energy storage technologies whether for heat or electricity.

This limitation in the model is accentuated by the use of a generic average household size rather than a segmented approach. This can be illustrated by comparing the energy (gas and electric) profiles for different types of houses (1 bed flat to a 4 bed detached) and then how the profiles can vary across the year.

Chart 1: Gas demand by house size.

[image: image26.emf]0

100

200

300

400

500

600

2010 2014 2018 2022 2026 2030 2034 2038 2042 2046 2050

Year

TWh

Interconnector

Oil

Coal

CCS

CCGT

Wind

Renewable

Nuclear

CHP


Chart 2: Electricity demand by house size.
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Chart 3: Seasonal gas demand variation. 
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Chart 4: Seasonal electricity demand variation.
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Charts 1 and 2 show gas (read heat) and electricity daily profiles for January; whereas, charts 2 and 3 show the seasonal gas and electricity daily profiles for days in each quarter for a typical 3 bed terrace house. The key points to note are as follows:
· The gas consumption is significantly larger than the electricity consumption due to the gas heating and hot water load. The dominance of the heating load causes the diurnal shape to the gas profile

· The variation in gas consumption between house types is much larger than the variation in electricity demand, again as a result of the heating load

· The electricity load profile is characterised by a late night/early morning trough and an evening peak. The trough occurs when most people are asleep and appliance use is at a minimum. The evening peak is due to lighting and the additional appliance use when people return home from work or other activities.

· The gas profiles show a much higher seasonal dependency than the electricity profiles due to the dominant heating load. The electricity profile is mainly affected by the additional lighting load in winter.
These points will have significant implications for the electrification of heat and in particular the development of the electricity distribution networks (DNO). A recent study undertaken by GL Noble Denton
 “IFI3: Impact of Future Energy Systems on Energy Networks” investigated the impact on distribution networks (gas and electric) of the electrification of heat and transport by segmenting the housing stock and looking at alternative ways of charging EVs. The conclusions of the report are summarised as follows:
· Accelerated deployment of electrical heating will require the early upgrade of local DNO infrastructure, as well as generation, and consideration needs to be given to the deployment of such technologies, or incentives to encourage the uptake of such technologies, in balance with both regulatory programmes and the capabilities to deliver supporting infrastructure.

· The analysis indicates that differing property types may require different heating technologies, new build may be well suited to heat pumps but older properties may require additional heating for peak periods (market segmentation approach to peak demand - dual heating, single source heat pump, or CHP).
· Demand Side Response (DSR) is significant but really needs to be coupled with heating and transport systems to provide real benefits. The rate of battery charge (cars) and profile for heat demand (flat or diurnal) warrant further consideration when designing the scale of electric upgrade. 

· It identifies a role for micro CHP (as a choice to enhance appliance efficiency), which combined with dual heating air source heat pump system could provide flexibility for demand balancing whilst maximising heating efficiency levels. 

The charts above illustrate the need to segment the analysis of heating in the home due to the diversity across different house types. The following analysis now takes the next step and looks at how insulation could reduce demand for heat and how this demand could be best sourced. This analysis firstly looks at seasonality in heat demand for a 4 bed detached house before moving onto it’s within day demand.
Chart 5: Heating Load Duration Curve

[image: image5.emf]
Chart 5 shows hourly load duration curves for heat demand in 2050 for an existing 4 bed detached house, then with a 20% and 50% reduction in demand due to increased energy efficiency measures and finally a new build property circa 2030. Clearly the new build has a much flatter heat curve and consequently is more suited to a heat source like a heat pump that delivers a constant level of base load heat (to enable the achievement of a high Coefficient of Performance), whereas, the house with a 20% reduction in demand requires significantly more heating during the winter. The net effect of this difference is that a 5kW heat pump (similar to a standard air source heat pump) could meet the heat demand for the new property but for the existing property would require top up heat for around 1000 hours i.e. a number of hours per day over several months. This additional peak heat requirement could be met, in part, with a higher rated heat pump but it would also still require additional heating from e.g. a stand alone gas boiler or a gas boiler as part of an integrated dual fired appliance or (possibly, in the future) from energy storage. 
There are currently a number of boiler manufacturers (e.g. Worcester Bosch) who are developing integrated appliances for the home that combine heat pumps and condensing boilers with additional plans to integrate them with other technologies e.g. solar thermal to deliver the heat required throughout the year. Other technologies being developed include integrated CHP units, gas fired heat pumps and fuel cell CHP units. The practice of augmenting heating appliances is currently underway as many new commercial buildings are combining heat pumps with gas boilers.  Also the concept of augmenting heating appliance is nothing new as most homes today use gas boilers with electric fires and immersion heaters.          
Another way to analyse heat demand is to look at within day profiles. The following charts show the within day hourly heat demands for the 4 bed house with a 20% reduction and a new property on a cold day in 2050. While a 5kW heat pump can meet all of the new property’s heat demand it would fail to meet the existing house’s demand for most of the day. Hence there is a requirement for top up peak heating, which could be provided inexpensively from existing gas boilers using initially natural gas then subsequently biomethane, or from new storage technologies. Note, even doubling the heat pump size wouldn’t meet all the heat demand.
Chart 6: Typical Within Day Cold Day Heating Demand (existing house)
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Chart 7: Typical Within Day Cold Day Heating Demand (new house)
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With the development of smart technologies heating demand (space and water) when coupled with the appropriate levels of insulation could realistically reduce demand during the day and increase demand overnight. Chart 8 illustrates this concept with demands over the day including peak demands being reduced and the overnight trough filled in to a level that makes the most of the heat pump. Even under this scenario in cold conditions significant levels of peak heating will be required. 
Chart 8: Typical Within Day Cold Day Heating Demand (existing house)
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It should be noted that in the example above, i.e. the 4 bed detached house with a 20% saving and using a 5kW heat pump, over 90% of its annual heat demand is met from the heat pump (with 69% on the cold day shown above), which is equivalent to a Level 4 “High” electrification pathway. So it might be expected that the requirement for peak heating will be far greater than suggested above.

In addition there are significant practical issues to overcome in relation to retro-fitting heat pumps to existing properties that were not designed for a lower level of heat output (than gas boilers). As the recent Energy Saving Trust report “Getting Warmer: a field trial of heat pumps”
 pointed out there are also a number of other issues including installation complexities, control systems/ease of operation, hot water temperatures and cost. 
To enable heat pumps to work effectively in many existing properties significant levels of additional insulation will be required, in particular, cavity wall insulation. However, there are around 8million homes without cavity walls so unless solid wall insulation is installed a heat pump couldn’t meet all the heat demand. Whilst some will no doubt fit solid wall insulation, we believe that even the proportion assumed for Level 2 (25%) is unlikely because of a number of factors including; the visual impact (for larger properties where the aesthetics are more important than cost), the space it would take up (for smaller properties) and cost (which according to the Energy Savings Trust for a 3 bed detached house would be in the range of £6000-£14000 depending on whether it covers interior or exterior walls and would be on top of the heat pump cost of around £6000). 

The above example has concentrated on the larger end of the housing market, and clearly as other smaller property segments are analysed the levels of heat demand will fall; however, the profile will remain broadly similar and hence the peak heating issue will still remain. The issue fundamentally relates to the economics of utilisation; if heat pumps are used to meet all the demand, this implies the need to run some power stations for only a small number of days, whereas dual firing with heat pumps and a top-up gas boiler (or use of some new energy storage technology) may avoid the need to build power stations that will operate with low load factors, and potentially cost significantly more than alternative sources of energy not to mention associated planning and connection issues. 
Consequently, we feel the scope of the model needs to be expanded to include analysis of seasonal heat demand and how that is sourced. In parallel with this, analysis of new energy storage technologies for both heat and electricity needs to be undertaken to better understand their potential contributions.

Demand-side flexibility options:

The development of smart meters, smart appliances and home automation opens up the opportunity to drive energy efficiency and promote efficient time of use of energy through, for example, time of use tariffs. However, the degree that can be achieved will be dependent on the willingness of consumers to permanently change their behaviour. 
For a given level of generation availability (i.e. no intermittency), we can expect a shift of some flexible demand from day to night, driven by more attractive energy prices when demand is low. However, the proliferation of wind turbines will disturb this position so that energy prices will be both a function of when consumers want energy and the availability of generation (wind power). 

Therefore, wholesale electricity prices could well be lower at times of high demand and high wind power output and conversely higher when demand is much lower and the wind output is low.  This could be compounded further where there are high levels of base load generation e.g. nuclear, and the market has an increased surplus of available generation.

The consequence of this is that any available network capacity will become increasingly significant in determining whether the wholesale balancing of supply of energy and end user demand for energy can be achieved.  Smart enabled demand will therefore need to be driven by both network constraints as well as wholesale energy prices.

High wind penetration implies a significant change in the diurnal shape of thermal generation requirements.  To illustrate this effect, the following charts show metered demand and wind output over January 2010 (chart 9) while chart 10 shows the thermal generation requirement (demand net wind) as the green line after scaling the wind to 26GW. Note that this is significantly lower than levels assumed in scenario Alpha (80GW) however demand is a lot lower and so we believe it is a fair illustration.

Chart 9: Electricity demand and wind output
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Chart 10: Thermal generation requirement
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Chart 10 shows that thermal daily generation peaks are much more variable with the peak from one day being similar in value to the trough from the two to three days after (see 17th Jan). Realistically, this means that the electricity price will become more volatile and prices will encourage any movable demand to move to periods of low price rather than low demand which are the periods of high wind output.  
The consequence of this will be the requirement for more flexible behaviour by consumers on the demand-side, thermal generators and system operators. Equally, the electricity networks will need to be appropriately sized to allow optimisation of the cost of constraining available generation / flexible demand with the cost of providing the network capacity. 
Stress tests:
The model only currently looks at one stress test regarding a short cold windless period; however, many other stress tests could be utilised which would be facilitated by the model being expanded to include seasonal modelling. These tests could look at supply shocks, prolonged cold weather, access to imported energy etc. An example of the type of stress tests that could be utilise are found in Ofgem’s Project Discovery which included a number of stress test for gas but could equally be used for other energy sources e.g. bioenergy.
Alternative transport fuels:

The potential of Plug-in Hybrid Electric Vehicles (PHEVs) and in particular, electrically powered vehicles is still to be realised, with further developments contingent on significant developments in battery technology.  Nevertheless, it is not unreasonable to assume that battery technology will improve to the extent that light passenger and commercial vehicles will become viable and more common-place in the UK.  However, there is no such prospect for heavy goods vehicles and plant, other than hybrid vehicles, which will continue to rely on conventional fuels or biofuels to provide sufficient power and range.  A lower carbon alternative to petrol and diesel for these vehicles and indeed for PHEVs could be greater utilisation of Compressed Natural Gas (CNG). This technology is already proven and in use in the UK and worldwide (notably in Argentina and Sweden) and with relatively low levels of investment could be made more widely available using existing fuel stations, many of which are located near to gas mains infrastructure. 

Although a fossil fuel, natural gas is the cleanest conventional fossil fuel and its use would therefore help to reduce heavy vehicle emissions, mitigate supply risk over competing demand for biofuels and enable the cost effective utilisation of heavy vehicles and plant for the foreseeable future, or until suitable alternatives are developed including the potential for using biomethane.    

CNG is therefore a realistic alternative, in particular, when compared to hydrogen which has a number of issues, most notably losses through energy conversion, which many commentators have highlighted as a severe limitation on its effective use. Consequently, we feel CNG should be included in the transport levels of change either along with hydrogen or instead of hydrogen in particular as large quantities of CNG can be safely distributed around the country to filling stations using an existing network, with compression at the filling station.  

Gas power generation with CCS:

Although the document acknowledges the potential role for gas generation with CCS (carbon capture and storage) the model doesn’t. We believe its inclusion would enhance the model as there could be a substantial role for gas fired CCS plants due to the large number of CCGTs already on the system, the comparatively lower construction and operating costs of CCGTs (particularly in scenarios of favourable future gas prices and availability), and the possibility of CCGTs still being required to contribute a substantial load factor in 2050 while also enhancing diversity of supply. 
2. Scope of sectors:
a).Does the range of alternative levels of ambition presented for each sector cover the full range of credible futures? If not, what evidence suggests that the range of scenarios should be broader than those presented?
Range of Levels:

While a good number of the ranges look challenging across electricity, heat and transport they are nevertheless plausible: however, in our view, there are a small number of ranges that do appear too wide e.g. nuclear where the full range is 0-146GW. One issue with such wide ranges is the potential knock on effect to the intermediate levels in that they become too spread out with large gaps between the levels; however, on most occasions this has been mitigated by referencing examples to justify the intermediate levels. 
Other ranges which could be considered too wide include solar PV at 0-165GW (particularly given the small size of most units even allowing for floor based solar parks or technology advances for wall based PV), onshore wind 0-50GW (due to planning permission difficulties and replanting uncertainties) and to a lesser extent offshore wind 0-140GW (due to onshore planning permission, supply chain issues, replanting uncertainties and network connection challenges). In the case of offshore wind it is not necessarily the upper bound of 140GW (level 4) which is the main issue (indeed it could even be suggested that it might be understated), but how this would interact with other generation. For instance in a pathway with low demand levels and high renewable penetration this could result in offshore wind dominating the generation mix and producing an unbalanced pathway.
Another point to consider when choosing a generation mix, or any combination of trajectories, is that while individually the separate trajectories may be at level 2 the combined effect could become level 4 for the outcome e.g. size of electricity or CCS networks or installation rates for appliances etc.
For bioenergy imports levels 1 to 3 look reasonable but level 4 is significantly higher then the IEA’s maximum potential. While this may be possible as mentioned using algae we would question the feasibility given competition from other counties and concerns about sustainability not to mention the practicality and emissions associated with transportation.
On the other hand we feel the level trajectories for electric cars and vans are too narrow particularly when many commentators are looking at scenarios where all light vehicles are EVs or PHEVs and the relatively quick replacement rate for vehicles once a product becomes commercially viable e.g. the short timeframe needed to switch from leaded to unleaded petrol. Consequently, we feel the model and subsequent pathways would gain more of an insight into alternative options by being able to include a wider range of light vehicle electrification. In addition level 3 and 4 assume large amounts of hydrogen, which is surprising given the concerns of many commentators about the energy conversion losses associated with using hydrogen.

Demand Levels:

The demand levels shown appear inconsistent with the Low Carbon Transition Plan (LCTP) and Renewables Energy Strategy (RES). For example, for space heating and industry it’s only level 4 that shows a significant fall whereas the LCTP/RES showed a 16% fall in heat demand by 2020. Hence we feel the demand trajectories do not reflect the previously published work by DECC, and the promotion of energy efficiency as the most cost effective way of reducing emissions. This is illustrated by chart 11 which compares the electricity demand level included in pathway Alpha with the Updated Energy Projections 2009 (UEP09 as used for the LCTP) and the latest UEP10 which shows the significant increase assumed by level 2 trajectories in the model. Consequently, we feel the model’s analysis would be enhanced if the demands intermediate levels are narrowed so level 2 or 3 are closer to UEP/LCTP demands.

Chart 11: Comparison of electricity demands LCTP and Alpha[image: image23.emf]0
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“Intelligent” Judgements:

As mentioned in the document the model doesn’t make “intelligent” judgements on combining different options and in particular one such example was given for roof space for solar PV and solar thermal. However, there is also another dimension to this and that involves the efficient use of roof space.

Dealing with the total area of roof space first, we have the following observations; the model restricts solar thermal to suitable domestic buildings and using an assumption of 10 million suitable dwellings
 the level 4 trajectory gives 24 m2 per building that has solar thermal. This would appear to be greatly over-specified: a 3 m2 installation can provide enough hot water for an average house in summer, and it is not clear that even such a large installation will provide adequate hot water in winter. 
The total roof and façade space in the UK is estimated at 4,000 km2, so it is reasonable to assume that 1,000 km2 of this is south facing.  Using level 4 trajectories for both solar PV and solar thermal the total area of the installations is 970 km2, so the combined trajectories have not breached the available space.  However, as some of the PV is on ground based installations there is some space left for solar thermal on non domestic buildings.  
Secondly, when considering efficient use of roof space; whilst it is true that the heat produced by solar thermal is less flexible than the electricity produced by solar PV, the much better energy conversion rate means that solar thermal extracts more energy per unit area and consequently should be given an appropriate share of the roof space in any scenario.
Another example of where different trajectories need to be connected is the level of demand and the level of electrification. In general the two will need to go together, as without higher levels of insulation electrification of heat using, for instance, heat pumps, wouldn’t provide the required heat level. This philosophy is supported by the suggestion that under the Renewable Heat Incentive, for homes to qualify for payments their SAP ratings (Standard Assessment Procedure) would need to each a certain level.   

b). Do the intermediate levels of ambition (levels 2 and 3) provided for each sector illustrate a useful set of choices, or should they be moved up or down?

Generally we feel the ranges are reasonable but sometimes where level 4 is very high it appears to influence the intermediate levels. This is particularly the case in relation to nuclear where we believe that the intervals between levels are large. For example, between Levels 1 and 2 and between 2 and 3 the intervals are 40GW, whereas many commentators believe a total of 30GW could be the maximum by 2050, given the likely global demand for new nuclear stations. Another example of this is for wave power with gaps between levels equivalent to 300km of installations.
Other large gaps, for instance, tidal range are justified because of the small number of very large projects.

The main consequence of such wide ranges between intermediate levels is that it limits the options of using a wider variety/combination of low carbon technologies as the resulting scenarios rely on a smaller number of low carbon technologies.

The levels of capacity in the intermediate trajectories make it very difficult to model a system with significantly lower electricity demand than that found in pathway Alpha.  It is possible to select trajectories in domestic and commercial heating, industrial processes and transport that give an electricity demand similar to that found in National Grid’s Gone Green scenario (see Appendix B for a summary document) and for more detail the presentation material
.  However, selecting trajectory 2 for nuclear and wind generation capacity gives a total generation from these generating types alone that is far in excess of the demand.  Under trajectory 1 for these technologies there is little or no new build, and the closure of existing capacity means that these are entirely un-represented by 2050.  In comparison National Grid’s Gone Green scenario has a more balanced generation mix including wind, nuclear, other renewables, and CCS with both coal and gas. Hence if the gap between levels was narrowed it would enhance the choice and combinations of various low carbon technologies. Note that if there is more generation capacity chosen the model simply exports the surplus without considering whether there is sufficient demand in Europe or considering the cost of building the necessary infrastructure i.e. interconnectors.
c). The 2050 Pathways Calculator currently describes alternative directions of

travel rather than different levels for some sectors where changes reflect a

choice rather than a scale. Is this a suitable approach and clear to users?
Choice rather than scale is a reasonable approach to adopt; however, the practicalities of different pathways e.g. build rates for all the equipment and appliances needs to be considered carefully. 
Role of biomethane/biogas:

We have previously published analysis that has demonstrated that biomethane, produced via anaerobic digestion or by thermal gasification of biomass, can make a significant contribution to the decarbonisation of Britain’s gas supply. In addition, recent analysis commissioned by the Energy Networks Association (ENA) from Redpoint
 demonstrates that maximising the potential of biomethane would allow gas to continue to be used for heating out to 2050 and beyond, thus efficiently utilising the existing gas distribution system for energy delivery, whilst still allowing the UK to meet its greenhouse gas reduction targets.  
Britain already has a comprehensive heat network – the gas distribution system – reaching 80% of existing homes, and the continued use of this valuable resource for distributing energy would be a more economic outcome than undertaking the huge investment in new generating plant and reinforcement of electricity distribution systems that would be required to completely electrify heat to consumers unless a cost effective way of storing electricity and/or heat is developed. Grid-injected biomethane is a supremely flexible fuel, and could be used locally in conventional efficient condensing boilers, in micro-CHP units and in community / I&C-scale CHP units, as well as opening up the possibility of local compression for vehicle fuel. In addition, use of the existing gas network for the distribution of renewable energy enables this energy to be stored within the network itself, and at dedicated gas storage facilities, far more efficiently than electricity can be stored. 
The 2050 Pathways analysis notes that there are finite biomass resources available for conversion to various forms of renewable energy (e.g. bioliquids for transport, biomass heating, biomass combustion / biogas for electricity production). However, the analysis (Part 2 E and F) forecasts a potential indigenous range of 140TWh/a to 600TWh/a for energy from biomass in 2050. This compares with the forecast of 200 TWh/a of renewable gas (biomethane) potential in National Grid’s January 2009 paper
 under its ‘stretch’ scenario, so the manufacture of this quantity of renewable gas does not appear to be implausible. By comparison with the trajectories set out in Figure D3, 200 TWh/a would represent a very significant proportion of total domestic heat demand in 2050. 

When considering the competing claims of different renewable energy pathways using finite biomass, we believe it is important not to ignore the considerable utilisation benefits of making and distributing renewable gas. However, as noted above, distribution of biomethane would be via an existing efficient gas infrastructure directly into homes, enabling consumers to continue to use existing appliances (if they wish) without the need for the significant cost and disruption involved in the replacement of heating systems and / or installation of district heating mains. However, biomethane could also be used in parallel with electric heating (e.g. provided by heat pumps) to satisfy the winter peak heating demands. We note that 10 out of the 16 heating and cooling pathways shown in Table D9 include biogas for heating, rightly recognising the value of the gas distribution network in keeping open options for heat supply by biomethane (and natural gas); however, surprisingly only 1 mentions the use of biomethane in gas boilers with the others using biogas/biomethane in community sized CHP which would be a more costly option due to the requirement for a new heat network.

While the 16 alternative pathways cover a wide range of possibilities they actually miss an important one that is both realistic and cost effective; namely a combination of heat pumps and gas boilers which, given the current high penetration of gas boilers and the option to use low levels of natural gas as top up to heat pumps, or biomethane as the main source for home heating, appears a very practical and credible pathway. Particularly as a number of boiler manufacturers are actually developing an integrated appliance combining a heat pump and a condensing boiler.
As noted earlier the marginal cost of providing an additional unit of energy for heating from electricity increases dramatically with decreasing load factor of supply due to the very high additional capital costs of generating plant and expansions in electricity distribution networks to supply short duration peak loads. By contrast the gas distribution system is already sized to meet peak heating loads, so the marginal costs of providing renewable gas relate mainly to the costs of the biomethane / bio-SNG (Synthetic Natural Gas) plants themselves. 

A further advantage of developing grid injected biomethane for heating relates to maintenance of diversity of energy supplies to consumers, compared to moving to 100% electrification of heat. Linked to the lack of consumer disruption point above, it also enables renewable energy to be delivered to consumers without dependency on the purchasing decisions of millions of individuals. 

When compared to the use of biogas to generate electricity, biomethane injection into the gas grid represents a more efficient use of the biomass resource (in the absence of local uses for surplus heat from the generator); it provides more than twice as much renewable energy. Finally, as the electricity grid decarbonises over the next 20 – 30 years, refining biogas to produce biomethane for grid injection will make a larger contribution to greenhouse gas reduction than using the same biogas to produce electricity. 
European experience of biomethane injection

Other European countries are promoting renewable gas injection into their gas networks, with the ambition that it will in future make up a significant proportion of their gas supplies (e.g. Holland 8 – 12% by 2020; Germany 6% by 2020, 10% by 2030).

Hydrogen injection into gas network:

In addition to the work that we and others are undertaking to encourage biomethane production and connection to the gas network, we have also commissioned work to decarbonise gas by removing carbon molecules from methane.  The product of this process is known as Hydrogen Enriched Natural Gas (HENG) and could lead to significant reductions in UK carbon emissions.  Although, at this stage it has only been employed as a demonstration technology, we are considering the feasibility of building a larger plant which would remove methane from the gas network and after processing, inject HENG downstream of the plant.

Role of backup plant/supply:
There are a number of back-up supply options available and we agree that the options identified in the document with the foremost potential are flexibility designed into generating stations, storage, interconnection and flexible demand.

Whilst we believe these will all have a role as part of a portfolio, it is clear that they have different capabilities in meeting the drivers to balance supply and demand identified within section P of the document. Only generation with associated fuel storage (e.g. CCS coal or gas fired generation) and interconnection can meet prolonged variations in demand or low wind generation output, which will occur. For addition information please refer to Poyry’s, “Impact of Intermittency on Electricity Markets Summary report July 2009”
.     

In addition to those areas identified, we believe that Open Cycle Gas Turbines (OCGTs) could also contribute to short term electricity balancing in a cost effective and overall lower polluting way than would otherwise be the case. This is because, whilst their per-unit running costs are high (both financially and environmentally) they are relatively inexpensive to build and can run up and run down quickly for relatively short durations. For instance during 2009/10 1.3GW OCGTs provided a third of the total reserve requirement but only generated 67GWh of electricity which implies a load factor of about 0.005%.
3. Input assumptions & methodologies:

a). For each sector, are the input assumptions and the methodologies applied to those input assumptions reasonable?
The approach adopted is comprehensive using a wide range of sources and covers all the salient areas of potential development and change with only a few exceptions which will no doubt be addressed in the next phase of the model/calculator development e.g. seasonality in demand over the year and generation ranking order.
However, there are a couple areas we feel do need to be addressed and these are: firstly that the recession and financial crisis will no doubt affect the first decade of the scenario period which will then put more pressure on delivering the challenging level of investment and delivery required thereafter. The second is the assumed growth in household numbers out to 2050 which looks very high, particularly for new build. For instance starting from 26m households in 2010 and with 0.1%pa demolitions (~1m by 2050) 380,000 new builds pa would be required to achieve the stated 2050 household number. This is 100,000 more than the new build rate of 285,000 stated in the text, so unless the difference is made up from flat conversions of existing households, the figures look very optimistic. This is particularly the case when considering that over the decade before the latest recession the average annual new build rate was 180,000 pa. 
When combined, these two assumption changes would actually help reduce the levels of demand and make the target easier to meet; however, the financial tightening over the forthcoming years will work the other way and put added pressure on delivery in future years.  

As regards specific sectors:

b). Are the bioenergy conversion routes used in the model accurate, or are there more efficient routes for converting raw biomass into fuels?
Possible constraints on biomethane

In Section D the potential role for grid-injected biomethane is outlined briefly under “Biogas technologies” (p116) and the potential for rapid uptake due to the lack of demand-side barriers is highlighted. This is in line with our view on the consumer acceptability of this technology, outlined above. However, several constraints on the use of biogas for heating are also mentioned, including:

· Uncertain volumes of biomass and organic waste into the future. We note that sections E and F outline the range of forecast volumes of biomass and organic, and that, as noted above, these are not inconsistent with grid injected biomethane making a very large (200 TWh/a) contribution to space and water heating requirements. The development of gasification technology is the key to opening up the full potential of woody biomass / waste for production of renewable gas, as further explained below.


· A high demand pull from other sectors of the economy, particularly transport where use of biogas as a fuel is possible. We agree that there will be the need to prioritise the use of biomass resources to ensure that they are utilised in the most appropriate and efficient way, but believe that the existence of the gas distribution system and the ease of use of renewable gas by consumers argues for priority to be given to this particular biomass energy conversion pathway as one that is likely to be extremely economically efficient compared with other capital intensive pathways. In addition, there may well be a place for use of biomethane in transport (particularly for commercial vehicles), and this will be most efficiently achieved by use of the gas distribution system to deliver the gas to local CNG filling stations.


· Injection into the high pressure transmission network may be problematic due to the higher concentration of oxygen compared to natural gas. It is most likely that biomethane (at least from anaerobic digestion plant) will be injected into the medium and intermediate pressure tiers of the distribution system, as compression to the higher transmission tiers is unlikely to be cost effective. However, in any event, the same oxygen limit (0.2% molar) currently applies to both the gas transmission and distribution systems. The HSE is currently reviewing evidence for the effects of higher oxygen concentrations on gas pipelines and consumer appliances and expects to report on this later this year. Several countries in continental Europe operate gas pipeline systems with higher oxygen limits with no reported adverse effects on networks or consumers (e.g. Germany has a 3% oxygen limit for dry gas networks).

Thermal gasification

Table F5 includes reference to gasification / methanantion as a potential pathway for manufacturing biomethane, however this pathway is not mentioned in the main body of the report as a technology that merits development or which could contribute to renewable gas production. A recent report by E4Tech suggested that bioSNG might be produced from multi-MW gasification plant at a cost of around 5p/kWh 
 

In addition, we have developed the concept of an “Urban Energy Centre” which demonstrates the feasibility of an integrated waste to energy plant to produce bioSNG. The concept is to co-locate complementary waste to energy technologies (anaerobic digestion, autoclave, gasification, etc) to maximise energy efficiency by utilising waste heat from the different processes.
 The centre has been scaled to take 100,000 tonnes per annum of food waste and 600,000 tones per annum of mixed municipal and C&I waste and would produce enough gas to heat over 40,000 homes at a total production cost of around 6p/kWh.

We believe that further research, demonstration and deployment (R,D and D) into thermal gasification is required to unlock the potential of this energy conversion technology for renewable gas generation, and that, like carbon capture and storage in respect of electricity production, it merits a major development focus in the years ahead.

Finally, there is increasing evidence that biochar, produced in conjunction with gasification / pyrolyis may be an effective and efficient way to abate carbon, and can be carbon negative. There may exist the opportunity to create renewable gas in conjunction with the production of biochar for soil conditioning and carbon sequestration benefits.

c). Can the model’s assumptions on wave resource be improved, for example

regarding the length of wave farms, their distance from shore, the efficiency of

devices, constraints from other ocean users, and other assumptions?
National Grid isn’t in a position to comment in any detail; however, as part of the Offshore Development Information Statement (ODIS) consultation process we did review a range of potential offshore development scenarios and reports. One such study was undertaken by the Offshore Valuation Group; however, while the trajectory levels were consistent with this study for tidal stream the alternative levels for wave use higher capacities than those suggested by the study which consequently may overstate the potential.
As with wind generation, wave power will be intermittent and will no doubt be closely correlated to wind output. This will add to the flexibility required from balancing plant/tools and subsequent volatile wholesale prices. 
d). Can the model’s assumptions on tidal stream resource be improved, for

example regarding the method for assessing the resource at specific locations,

and the scaling up of individual devices into an array?
See response to previous question.
e). Is there any evidence that would help build an understanding of the potential impact of long term spatial development on transport demand, and how could this be accounted for in the model?
While there may be some merit in this we believe it wouldn’t have a large enough impact on the outcome to justify a separate category. Its impact if required could be allowed for within the sector travel activity.
f). Due to uncertainties in the evidence base on energy demand and associated emissions, the model currently sets out only one level of ambition for the future UK share of international shipping. Is there any evidence you could contribute to help build a greater understanding of the potential shipping trajectories?
No particular evidence; however, new larger ships which are significantly more efficient than existing ships and run on cleaner fuel can clearly contribute to limiting the growth in emissions. In addition the process for agreeing an international allocation mechanism for both aviation and shipping should inform this sector.
g). Could the relative roles of coal and gas out to 2050 vary from the assumptions shown in this work, and if so, how?
Natural gas is the lowest carbon fossil fuel and could still play an important role in meeting the 2050 targets in a cost effective way rather than just being a transitional fuel. In particular its role for industry and power generation when coupled with CCS will be vital to ensuring a diverse supply of energy. The development of unconventional gas sources, e.g. shale gas and coal bed methane, will no doubt continue to have an important role in ensuring that large amounts of gas will be available well into the future at affordable prices. 
As previously mentioned we also see an important role for the use of biomethane in domestic heating, in industry and for CHP units. 
4. Common implications & uncertainties:

a). The introduction to the report sets out some of the implications and

uncertainties common to the illustrative pathways. Does this list cover the

key commonalities? If not, please identify other common implications and

uncertainties and provide evidence as to why these are key conclusions from

the analysis.
We would agree with the common messages identified as the key requirements for a low carbon future. Underlying all is the need for reductions in energy demand through energy efficiency measures which when coupled with the decarbonisation of electricity and significant electrification of heat and transport will result in significant reductions in emissions. In addition to this high level message there is the challenge of electricity balancing with increasing levels of intermittent generation, along with the key role of bioenergy in the energy mix. However, while all but pathway Beta assumes a vital role for CCS in meeting the 80% reduction in emissions by utilising bioenergy credits the pathways appear to understate the potential role of coal and gas generation using CCS (recognising that the model only uses coal for CCS but acknowledges that gas could also play a role).  
Role of CCS:

The report recognises that two common messages from the pathways are that “reduction in emissions from … industrial processes will be necessary” and “fossil fuels continue to play a role”.  We agree that these are common outcomes from the pathways but note that these outcomes are largely predicated on the success of actions taken to speed the deployment of CCS.  It follows that much stronger recognition should be given to an additional common message concerning the necessary CCS action: We must maximise the opportunity for the UK to exploit the potential benefits of CCS infrastructure.
Supporting evidence:
· In five out of the six illustrative pathways scenarios, including pathway Alpha, CCS deployment on the supply side (“combustion + CCS” level 2) is relied upon for a substantial contribution (40GW of CCS equipped generation) of the overall emissions reductions;

· The 2050 pathways analysis shows, the only conceivable path for UK industry to both thrive and attain lowest or even medium energy intensity is where industry is coupled with the roll out of CCS infrastructure (“industrial processes” trajectories B, C and D);

· However, it should be noted that there is an error/inconsistency in pathway Beta which is intended to illustrate the impact upon other sectors if CCS were not deployed at scale.  Pathway Beta adopts trajectory C for industrial processes which assumes CCS rolls out after 2025, capturing 24% of emissions in the metals, chemicals and minerals sectors by 2050, i.e. some14MtCO2 captured per annum in 2050.  If “industrial processes” in pathway Beta are reset to trajectory A, to truly remove all reliance upon CCS, then climate targets are not achieved (2050 emissions only 74% below 1990 levels).  Heroic efforts in virtually every other demand sector are then required to make pathway Beta succeed;

· Clearly it is incompatible to assume that CCS might somehow stall at the power station demonstration stage and yet flourish for roll out throughout the industrial sector.

· The findings in relation to this reliance upon CCS are consistent with those of many other national and international commentators including the International Energy Agency (IEA);

· It has been shown that to the best knowledge of leading experts (e.g. IEA), the cost of meeting the equivalent climate targets absent CCS would be some 70% higher than for solutions involving CCS.  It is in the interests of UK taxpayers and the UK economy that a common objective should be to avoid a high cost path to 2050;

· The building blocks of the CCS chain are already known to work technically (as evidenced by the availability of manufacturers’ performance guarantees).

· It follows that CCS is clearly already understood to be one of the “good bet” actions.

Many commentators note that there is presently uncertainty as to which technology solution will prove most effective for the capture of CO2.  The expectation of an iterative learning process is a reason for trialling a range of different capture technologies through limited size demonstration projects before embarking on deployment at scale.  However, we are much more certain about other elements of the CCS supply chain:
· The location of the new wave of cleaner fossil fuel power stations will most likely be at the pre-existing fossil fuel sites where transport, water and grid connections are already established (these are similar to the considerations for replanting nuclear power stations);

· The location of our energy intensive industries is close to many of these power stations, in communities where there is a long industrial heritage and skilled workforce;

· The location of our CO2 storage resource is in known offshore subsea geological formations.  The degree to which depleted hydrocarbon reservoirs or saline formations may be employed is yet to emerge, but happily geology off the UK coast presents us with the benefit that to a large degree such formations are co-located – particularly in the southern North Sea.

· The technology for transporting large quantities of CO2 by pipeline is already mature.  We do not need to trial multiple transport technologies in multiple limited size demonstrations.  One pipeline can accommodate CO2 for many different capture facilities, and new pipeline assets will have a substantial asset life – perhaps straddling multiple eras of iterative capture technology development.

Within our current knowledge of known and emerging technologies we are also fairly certain that:
· We desire a range of fuel diversity for security of supply considerations;

· We desire a range of flexible generation for peak balancing and managing the use of intermittent sources of renewable generation;

· We can only conceive a path for industry to thrive and attain medium or lowest energy intensity where it is coupled with CCS infrastructure.

· There is no time to lose in the fight against climate change and we must act on the full range of opportunities available to us;

· If we fall behind the international race to develop CCS we will forego the potential economic advantage of being a leader.

Consequently, it follows that the specific common implications are:

· Early investment in CCS transport infrastructure between clusters of CO2 sources and sinks is a specific “good bet” action.

· Early provision of such infrastructure would significantly reduce the barriers to entry for capture plant developments.

· Early provision of such infrastructure would act as an insurance policy against the potentially much higher costs of attainment of climate goals if CCS deployment were not given the very best opportunity to succeed.

Challenge of balancing the electricity network:

In our response to question 3c we mention the role of backup generating plant in system balancing; however, in addition we believe a heating solution and its ability to contribute to system balancing warrants significant investigation over and above extending current technologies.  For example, an integrated solution that combines multiple sources of energy and storage (e.g. hot water) could help meet the wind intermittency and peak heating challenges. For example; an integrated smart appliance in the home that utilises solar energy, heat pumps and a top up heater fuelled by biomethane (which can be stored) that switches energy sources when wind output is low can replace, in particular, the direct resistance heater within the heat pump and therefore remove the requirement for backup generating plant and saving significant levels of generation and network investment. 

Role of Fossil Fuels:
While fossil fuels will continue to have a role to play as highlighted as a common message we feel their contribution has been understated within the model as both our analysis and ENA/Redpoint’s “Gas Future Scenarios Project” show that a continued use of gas (natural gas with CCS and with biomethane) is the most cost effective way of achieving the targets even under high commodity price scenarios. We expect that this will become more evident when the model starts to consider costs of alternative pathways.  

5. Impact of pathways:

a). What criteria should be taken into account in understanding the impact and

relative attractiveness of pathways?
There are a number of criteria that could be used to measure the attractiveness of the many potential pathways to 2050; however, we think the most important are the following:

· Clearly cost is of paramount importance; however, it is the relativity of the costs between the different pathways that is the important issue, particularly given the uncertainty of how absolute costs may change going forward. 
· Diversity/security of energy supply so each pathway can be rated and assessed against certain stress tests. 

· Practicalities of building and installing all the new equipment required in each pathway as individual trajectories may look realistic but if combined with other may prove unachievable e.g. will there be enough manpower to install all the heat pumps, solar panels etc as well as the large electricity networks required to meet the demand and generation patterns?
· Regulatory frameworks will need to be appropriate and take account of the long term view i.e. infrastructure will need future proofing to avoid rebuilding e.g. electricity networks every decade.
· By how much will consumer behaviour need to change for the potential saving in energy use to be achieved? What information/education of consumers, smart technologies, market frameworks, and tariff structures would be required to support this? For example, in its recent report on heat pumps the Energy Saving Trust stressed how important consumers and installer education is for the successful operation of heat pumps.
6. Cost analysis:

a). Can you suggest a methodology by which the wider cost implications of choosing one pathway over another could be accurately reflected, and any relevant findings from such an approach?
When considering the cost implication consideration should be given to the full detailed costing of alternative pathways including the seasonal profile of heat demand.
Detailed Costing Analysis:

Analysis recently undertaken by Redpoint for the ENA, and soon to be published in the report “Gas Future Scenarios Project”, costed four alternative pathways to 2050, all of which meet the emissions reduction targets and contain significant levels of electrification but also varying contributions from gas (for a detailed description of these alternative pathways please refer to Appendix A). 
The methodology employed to fully cost these alternative pathways incorporates assumptions on capital investment costs, operating and maintenance costs (both fixed operating and maintenance, FOM, and variable operating and maintenance, VOM) and fuel costs by technology for all of the modelled sectors and end-uses.  It also incorporates assumptions on transmission and distribution network capital costs (capex) and operating costs (opex) for both gas and electricity, including costs associated with gas network decommissioning.  In all cases, investment costs have been annualised using sectoral assumptions on the Weighted Average Cost of Capital (WACC), and overall costs have been discounted at the HM Treasury Green Book social discount rate of 3.5% real.
There are various ways in which system costs could be segmented for the purpose of communicating modelling results.  In this report Redpoint have initially allocated costs on a sectoral end-use basis between transport, heating and other electricity end-uses, with heating costs divided further into domestic, services and industrial settings.  Within each sector, costs are categorised as follows:
· end-use investment – the capital costs associated with end-use technologies such as boilers, heat pumps, electric vehicles, and appliances

· end-use FOM / VOM – the fixed and variable operating and maintenance (O&M) costs associated with the end-use capital stock

· end-use fuel and carbon – the direct fuel and carbon costs associated with the end-use sectors, for example gas fuel for heating and petrol for conventional vehicles, excluding electricity

· electricity supply and storage – the combined capital, FOM/VOM, fuel and carbon costs associated with electricity supply (ie, generation) and electricity storage
· electricity and gas T&D – the combined capital and operating costs (including rates and new connections) associated with electricity and gas transmission and distribution, which have been allocated across end-use sectors on a pro-rata basis, and
· LNG and gas storage – the combined capital and operating costs associated with LNG terminals and gas storage facilities.
The costs associated with electricity supply and storage, electricity and gas T&D, and LNG and gas storage facilities have been allocated across the end-use sectors on a straightforward pro-rata basis, based on the share of gas and electricity in delivered energy demand for each service
.  
The results of this cost modelling can be summarised as follows:

Chart 12 shows NPV costs out to 2050 for domestic sector heating based on a level 2 (the same level as used in the 2050 Pathways analysis) trajectory heat demand and differing levels of electrification. The chart highlights that the pathway with the highest level of electrification has the highest cost, particularly for end use investment in the home and electricity supply and storage. The reason for this is “peak heating” and the associated cost of running power stations for a small number of days or providing electrical/heat seasonal storage.
Chart 12: NPV of costs – domestic sector heating
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When all sector costs are combined including transport the NPV costs are shown in chart 13. What this highlights is the significant costs associated with end use investment in transport which can be explained by the number of cars (petrol, PHEV or EVs) that will be bought between now and 2050. 
Chart 13: NPV of costs – total for all sectors
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What this analysis demonstrates is that pathways with ongoing gas use could offer a cost-effective solution for a low-carbon transition relative to scenarios with higher levels of electrification.  The baseline assumptions indicate potential savings of more than £700bn over the 2010 to 2050 period – around £20,000 per household or £10,000 per person – with consequential benefits for consumers, the economy, and the competitiveness of GB industry.  Sensitivity analysis indicates that cost savings are still present under assumptions of higher commodity price trajectories and faster technology learning rates, although the difference in costs is reduced relative to the baseline.
Peak Heating Illustration:

The cost implication of the peak heating argument can be easily summarised as follows by analysing annual load duration curves:

Chart 14 shows heat and electricity demand at today’s level assuming all homes have dual fired appliances, i.e. heat pumps with a gas boiler, resulting in 80% of all heat demand being electrified (equivalent to level 3). 

Chart 14: Heat & Electricity Demand with Dual Fired Appliances
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Chart 15 shows heat and electricity demand at today’s level assuming 85% of homes have heat full electrified with15% using gas boilers with no dual fired appliances resulting in 80% of all heat demand being electrified (equivalent to level 3). 

Chart 15: Heat & Electricity Demand without Dual Fired Appliances
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The final chart shows the two subsequent electricity demand curves. At today’s level of demand the benefits of using fuel switching would be to reduce the peak demand level on the electricity network by circa 600GWh/d which is equivalent to 25GW for the daily average load but around 40GW for peak times.  Note that this assumes that load has been flattened within day and that all properties have heat pumps; if resistive heating is used or demand can not be flattened then the requirement for additional capacity would be larger. Consequently, there is a large potential cost saving in using dual fired appliances so any cost analysis/modelling would need to make an allowance for this.
Chart 16: Electricity Demand Comparison.
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7. Future improvements to model:

a). Do you have any further suggestions for refining the 2050 Pathways Calculator?

As part of our responses to the above questions we have identified a number of enhancements to the model which we feel are important in gaining a further insight to and understanding the implications of certain pathways;

· Model needs to incorporate the seasonality of demand, in particular, heat demand and whether this seasonality can be met effectively with alternative energy sources including storage.
· More stress tests could shed some light on limitations of a number of pathways. These tests could look at supply shocks, prolonged cold weather, access to imported energy etc.
· Model needs to consider interactions between different pathway assumptions to avoid inconsistencies as found in pathway Beta with regard to CCS.

In addition to these we feel the following developments would also be beneficial:

Firstly, when trying to replicate our Gone Green scenario using the model, whilst we could reproduce the demand levels we found that due to the large gaps between intermediate levels we could not replicate the generation mix. This issue also occurred when we tried a number of other scenarios all with plausible generation mixes. Hence the model needs to incorporate smaller gaps between intermediate levels to allow a wider range of low carbon generation technologies while assuming the same demand levels.

Secondly, the model allows  too much generation to be chosen and dispatched so what happens is that the model then simply generates using all available capacity and then exports the surplus without any consideration to whether there would be a demand for it. Another issue with this process is that it results in any associated emissions from this exported electricity being included in the UK total thus requiring more reductions from other sectors. This problem could be resolved by developing a generation ranking order that will dispatch the lowest carbon generation first and then stop generating once demand has been met thus preventing unwarranted emissions from generation plants that only end up exporting their electricity.
Thirdly, the treatment of solid hydrocarbons in thermal generating capacity is surprising. In pathway Alpha there is some coal capacity open in 2025, in both the conventional thermal and CCS categories.  However, the requirement for ‘coal’ is completely met by solid biomatter, leaving coal from the coal reserves to be exported or stockpiled.  Whilst it is true that there is new dedicated biomatter generating capacity under construction it is not clear that all the capacity open in 2025 is of this type, especially as some coal is burnt again in subsequent years.  Maybe it would be prudent to introduce a limit on the percentage of biomatter than can be burnt. 
Fourthly, the text on page 116 states that biogas demand for transport fuel may be a constraint on biogas use for heating; however, within the model no transport trajectory includes biogas. 
Fifthly, whilst the model is a very comprehensive piece of work there are some considerations which would make it more usable for both expert users, who may wish to use the full excel version, in terms of the flexibility of the model and for the general public in trying to engage them in the fight against climate change.

For example, when using the Excel model a more detailed set of user instructions would be useful, particularly if it explained how energy flows within the model were obtained as there are a large number of named ranges and indirect references that are time consuming to follow through the model. It is also difficult to alter the model if you want to choose a trajectory which is not already set up (for example if you believed 20GW of nuclear would be built by 2050).  The model’s flexibility would be improved if you could allow the end point to be fully flexible and the trajectory calculated by the difference between the start and end points.  The points system for difficulty could be retained with the score for falling between the trajectories as they stand now being interpolated.

For the general public even the simple model may be too complicated,  it would probably reach more people if the number of options was reduced to the big levers (Nuclear, Wind, CCS, Demand measures and similar) with small impact changes like geothermal and micro-wind set to a level 2.

Sixthly, due to the phasing in of certain technology pathways e.g. heat some existing technologies are still around in 2050; however, it was surprising to note that under heating technology pathway 13 (88% electric, 11% district heating and 1% geothermal) as used for pathway Alpha the model still has a residual amount of gas boilers providing 14% of domestic heat energy in 2050. This may well illustrate that a more diverse source of heating should be allowed for with the alternative heating pathways.

In addition to the above there are some operational modelling issues you may want to consider, for instance:
Excess generation options:
At times of high wind output and low demand the amount of wind output plus baseload generation can exceed the demand.  An important issue is to decide how to manage this situation, possible choices are:

· Simply curtailing the wind output (e.g. with 26GW wind capacity, you need to curtail ~2% of the wind MWh to manage the issue this way)

· Store the energy

· Move demand to meet the excess (cheap) power – examples would be electric vehicles or heat demand.

· Export the energy to continental Europe.

Hence not only would the model benefit from this but it would also be useful to consider electricity imports not just exports particularly given the potential level of interconnector capacity assumed. 
Operation of electricity network and reserve and response requirements under different pathways:
We have published some estimates of the future reserve and response requirements on our website.
 These forecasts are consistent with National Grid’s ‘Gone Green’ and ‘Slow Progression (Business as Usual)’ plant mix forecasts as detailed in the 2010 Offshore Development Information Statement
.  We can offer this model to be used to translate from plant mix scenarios to the reserve and response requirements.  The model, in principle, takes a plant mix (and various technical parameters of the plant types) and schedules the plant to meet the demand reserve and response requirements.  The model also takes into account the fact that the reserve requirement depends on the amount of wind generation.  This model may require some development but could assist the understanding of network balancing issues.
b). Could the 2050 Pathways Calculator be improved to reflect the fact that the

level of ambition for some sectors will depend on local preferences? Could the

Pathways Calculator be improved such that the inherent degree of individual

and local choice in a chosen pathway were clear?
While we suspect this will be a factor it may well be a level of detail too much to effectively incorporate within the model e.g. consumer tolerance to the inconvenience of building/digging up of roads to accommodate new electricity and district heating networks or how the local population could react to the location of new plants e.g. nuclear or CCS, particularly if they are associated with district heating.
APPENDIX A: Description of ENA/Redpoint Scenario Pathways

Scenario/Pathway Summary Table:
	
	
	DIMENSION 2: Commercialisation of Energy Storage Technologies

	
	
	Low / Slow
	High / Rapid

	DIMENSION 1: Commercialisation of Carbon Capture and Storage 
	High / Rapid 
	GREEN GAS
 
Transmission-delivered gas: HIGH
- gas + CCS

- some unabated gas for balancing

Distribution-delivered gas: HIGH
- district heating + CCS
- biomethane for peak heating

- some use of CNG in transport
	STORAGE SOLUTION
 
Transmission-delivered gas: HIGH
- gas + CCS

- small amount of unabated gas

- additional balancing via electricity storage

Distribution-delivered gas: LOW
- heating and transport largely electrified

- heat storage used to balance seasonal heat

	
	Low / Slow 
	GAS VERSATILITY
Transmission-delivered gas: LOW
- renewables / nuclear dominate

- some unabated gas for balancing

Distribution-delivered gas: MEDIUM

- biomethane at max potential

- some use of CNG in transport
	ELECTRICAL REVOLUTION
Transmission-delivered gas: LOW / NONE
- renewables / nuclear dominate

- balancing via electricity storage, flexible nuclear, interconnection and DSR

Distribution-delivered gas: LOW / NONE
- heating and transport largely electrified 
- heat storage used to balance seasonal heat


Scenario/Pathway Summary Description:
The following describes the key scenario drivers map onto the scenarios developed for the study, with ‘high / rapid’ and ‘low / slow’ settings on each driver giving a 2x2 matrix of four scenarios in total:

· Green Gas – a scenario with a significant and ongoing role for gas, both at the transmission and distribution level.  Global gas prices remain relatively low in this scenario due to the discovery of large reserves of commercially extractable unconventional gas, and the development of efficient CCS technology enables gas to retain its share of the generation sector.  In addition, a lack of development in electricity storage technologies means that gas remains a key provider of both heating and electricity balancing services.  New homes, together with an increasing share of the existing housing stock, move towards a ‘dual fuel’ heating model with electric heat pumps providing baseload heat and gas providing seasonal peaking requirements.  Biomethane injection into the distribution grid, together with extensive use of CHP district heating (some of it also fitted with CCS), is used to help manage emissions in the heat sector.  In addition, there is some take-up of Compressed Natural Gas (CNG) as a transport fuel, particularly for Heavy Goods Vehicles (HGVs).
· Storage Solution – a scenario with ongoing usage of gas primarily delivered at the transmission level for generation, rather than at the distribution level for heating.  Breakthroughs in unconventional gas supplies mean that gas prices remain relatively cheap and efficient CCS technology rapidly emerges allowing gas to become the key source of low carbon power generation.  At the same time, rapid development of electricity and heat storage technologies allows the heat and transport sectors to be decarbonised cost-effectively through electrification, reducing the need for distribution-delivered gas for heating and unabated gas for electricity balancing.  New connections to the gas network fall away sharply after 2020, and by 2050 two-thirds of the distribution grid has been decommissioned.  
· Gas Versatility – in this scenario, CCS is unsuccessful and the requirement for large quantities of direct transmission-delivered gas for baseload generation largely disappears over the study period, to be replaced by renewables and nuclear.  However, a lack of development in electricity and heat storage technologies means that gas retains a significant share in the heating sector, with most new homes continuing to connect to the gas grid through to at least 2030, as well as providing balancing services in the power market.  There is also some take-up of CNG for HGVs in the transport sector at levels similar to the Green Gas scenario.  Emissions from gas-fired heating in the Gas Versatility scenario are managed predominantly through maximising the potential of biomethane.
· Electrical Revolution – this scenario describes a future in which the use of gas is effectively eliminated over a 30 to 40 year period. Global gas prices rise steadily over time in response to dwindling reserves and a failure to effectively exploit unconventional sources, and CCS technology does not develop to the extent that it presents a competitive option compared with renewables and nuclear generation.  In addition, developments in balancing services technologies (including flexible nuclear generation), combined with a high level of interconnection with other European countries, mean that gas is no longer required to provide flexible generation, while heat demand can be met cost-effectively through zero carbon electricity.  New housing connections to the gas grid cease in around 2025 and by 2050 both the gas transmission and distribution networks have been fully decommissioned.
Appendix B: 2050 “Gone Green” Storyline 
– National Grid 2010

The UK Government has now put into legislation a target to cut Green House Gas emissions (GHG) by 80% in 2050. The challenge is to meet this climate change target in the most affordable manner whilst maintaining security of supply. To identify how the UK could achieve this target and how National Grid could help facilitate this, a UK energy model was developed that quantifies the demand and supply of energy and the associated levels of emissions by the electricity, heat and transport sectors.

To meet the targets we need to consider:

1. Our use and reduction in use of energy

2. How we can decarbonise our production of energy in the most affordable way for:

a. Electricity

b. Transport

c. Heat.

1. Reduce Energy consumption through energy efficiency measure across all sectors e.g. efficient appliance, insulation, fuel switching and Smart technology. Policy measures that can help achieve this include a mixture of legislation (e.g. product policy on light bulbs), obligations and incentives, as well as education to change people’s behaviour.  

Having addressed consumption we need to decarbonise production across (electricity, transport and heat)

2a. Decarbonise electricity with a mixture of technologies (e.g. wind, nuclear, Carbon Capture & Storage (CCS)).  

This should be done first because:

i. Significant electricity plant needs replacing over the next 2 decades due to age and legislation so there is an ideal opportunity to replace with decarbonised plant

ii. Current electricity plant (oil and coal) are the highest polluters

iii. Technology is proven (wind, nuclear) and therefore easier than heat & transport solutions.

iv. Need to connect renewables by 2020 to meet the EU 2020 renewables target

v. Decarbonising electricity opens the door to decarbonise transport and heat.

vi. We also see a role for increased interconnectivity with Europe to increase flexibility and enhance security of supply resilience.

Policy measures include planning reform, regulatory change to encourage anticipatory network investment, smart grid deployment to operate the new generation and demand.  In addition subsidies for zero/low carbon technologies e.g. renewables and CCS will be required and also potentially a floor on the carbon price to encourage the commercial development of new nuclear build.
A potential generation mix out to 2050 that supports the achievement of the GHG emissions target is shown in Chart 2 and includes significant growth in renewable, nuclear and CCS.

Chart 1 – Generation Mix 2010 to 2050


[image: image16]
2b. Decarbonise Transport through the electrification of domestic and commercial vehicles and CNG for industrial loads.
Transport currently accounts for approximately 25% of emissions.  Given the limited opportunity to make an impact on aviation emissions, the 2050 targets can only be met by a move away from petrol and diesel cars.  The reduction in emission required can be achieved from initially increased engine efficiencies, then hybrid vehicles and finally the electrification of cars (via both plug-in hybrids and fully electric cars). The fall in energy demand is dramatic (as shown in the chart 2) as engine efficiencies move from around 25% currently up to 70% for an electric car. Over this period we assume some modal change in transport i.e. car to train but overall car mileage per person remains unchanged.
Electrification of transport is the low carbon option but the timing is crucial as the mass roll out of electric cars should coincide with the decarbonisation of electricity.  We therefore see this really taking off in the middle of the 2020 decade when most of the coal plant is no longer producing electricity (electric cars powered by coal fired generation must be avoided as they produce more CO2 than petrol). Electrification of transport can be facilitated by the earlier deployment of smart technology which will enable cars to be charged when electricity is cheap (away from peak) and will reduce the amount of network investment required.

Chart 2 – Energy Demand in the Transport Sector
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Policies need to look at R&D spend on electric batteries from both a cost and performance basis.  This should then enable the mass roll out at an efficient cost from the middle of the 2020 decade.
2c. Decarbonise Heat through electrification of heat, use of renewable gas (biomethane) and natural gas for “top up or peak” heating.
The above measures on consumption, decarbonisation of electricity and the electrification of transport still fail to meet the 2050 targets if everyone continues to heat their home using natural gas.  The roadmap from decarbonising heat should therefore be:

vii. Electrification of heat (new homes in the first instance) using the most economic emerging technologies.  Our analysis has looked at the impact the reducing the cost and/or increasing the coefficients of heat pumps and the impact this has on the cost of meeting the 2050 targets.

viii. Use of renewable gas through the existing network is an efficient way of decarbonising heat but will require subsidies akin to those for offshore wind.

ix. Using natural gas for “peak” heating.  Our analysis has shown that is economic to continue to use natural gas for top up heating.  The option of full electrification of heat is very expensive (almost doubles the cost of meeting the 2050 targets) and uneconomic as new generating plant will need to recover its fixed costs over a small number of days.

The following chart shows a potential mix of heat sources that supports the GHG emission reduction targets.

Chart 3 – Heat Supply 2010 to 2050
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Policies need to ensure the energy efficiency measures are delivered in relation to insulation. In addition ensure the correct subsidies exist to ensure the use of renewable gas for a solution to decarbonise heat rather than waste being used to generate electricity where we already have a roadmap to decarbonisation.  Further R&D in relation to heat pumps is recommended given our analysis suggests the cost/efficiency of this technology can have a material impact on the cost of meeting the targets. Deployment of smart technology will be crucial to operate the addition demand from the electrification of heat.

Total UK Emissions & Energy Demand

Chart 4 illustrates how the UK meets its 2050 target of an 80% reduction in carbon emissions from 1990 levels with large reductions across all sectors except aviation. 

Chart 4 – Carbon Emissions by Sector
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To achieve this there is a large increase in the demand for electricity which will require significant investment in new zero/low carbon generation and investment in National Grid’s electricity transmission system. This growth is illustrated in chart 5 which shows how the yellow/part yellow blocks are bigger in 2050 than in 2010. Note that the reason total energy fall by less than the emissions is due to the growth in zero/low sources of energy. Unlike electricity the demand for gas falls over the period; however, we still a vital role for the gas networks both transmission and distribution to provide peak heat and an infrastructure for renewable gas. 

Chart 5 – Energy Demand by Sector
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