2050 Pathways Analysis Call for Evidence Response

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: E4Tech

Q1a. 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 majority of the following technologies are present as separate technology options in the ETI ESME model, but have not been included in the DECC 2050 analysis:

· Biomethane in passenger or freight transport (using either from AD upgraded biogas or bioSNG) – i.e. not just liquid hydrocarbons used in transport, but gaseous as well. This could fit within the “gaseous hydrocarbon” route, since they are effectively natural gas vehicles. The REA state that “Current up-take is negligible. While this is likely to change in the future, competition from the power and heat sectors is likely to mean that biomethane will not make a significant contribution in the transport sector by 2020” http://www.r-e-a.net/document-library/policy/policy-briefings/0906%20REA%20position%20paper%20on%20RED-FQD%20implementation%20FINAL.pdf 
· Fuel cell HGVs

· Small scale fuel cells for gensets, material handling forklifts, telecom UPS, laptops and radios – we presume that at the moment these applications fall within either domestic or commercial appliances, or freight transport.

· There are several other microCHP technologies beyond the two modelled (Stirling engines and fuel cell microCHP). These include Organic Rankin cycles, microturbines and ICEs. ICEs are actually the majority of 5-22kWe plant room base-load CHP boilers currently used in commercial properties. These technologies will have significantly different load factors, scales and costs

· Gas CCS power plant. Only solid hydrocarbons are used in CCS plants, but gas CCS is seen by the IEA as likely to be widely deployed by 2050 (up to 345 GW globally in 2050). See http://www.iea.org/papers/2009/CCS_Roadmap.pdf The scale of Gas CCS plants are predicted to progress along the following path - Pilot (150MW), Demonstration (250MW), Small Commercial (400MW), Large Commercial (800MW)

ETI considers that gas CCS will only be available after 2020
, but that it reaches the same maximum build rate as for coal CCS (around 2GW/yr net). In our Carbon Trust technology prioritisation project, we therefore used the same Level 4 rampup in gross capacity as considered for coal CCS, but delayed by 5 years to start from 2020 instead of 2015. These gross output capacities are from the DECC 2050 model, and this Level 4 build rate (reaching 3GW/year after 2035) is equivalent to the maximum CCGT build rates in the 1990's 
· Biomass CCS power plant. At the moment these only exist by proxy due to the presence of solid biomass within the solid hydrocarbon vector. This is fine for co-firing coal CCS plants – however, the scale, efficiency, costs and deployment rates of pure biomass CCS plants are likely to be markedly different – see http://www.iea.org/papers/2009/CCS_Roadmap.pdf 
The scale of Biomass CCS plants is predicted by the IEA to progress along the following path - Pilot (75MW), Demonstration (100MW), Small Commercial (175MW), Large Commercial (250MW). Further data on costs can be found in ETI (2010) "ESME Technology Data for Power & Infrastructure”, Pre-read for review workshop on 22 April 2010. 
Solid biomass also has a different set of emission factors compared to coal – but the solid hydrocarbon emission factor only uses coal – this would need to change if biomass was considered as a separate vector.

Q2a. 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?
Q2b. 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?
Our general feeling is that the assumptions behind Level 1 can sometimes be too conservative, especially when you consider the technology developments that could occur by 2050 in other parts of the world. A scenario where current UK policy is maintained, but not added to, might be more realistic, rather than a scenario without policy (i.e. with the removal of current renewable incentives etc). Because of this conservative approach for Level 1, Level 2 sometimes feels quite a big jump in ambition. The relative gaps between Levels 2 and 3, and Levels 3 and 4 often seem closer / tighter than the gap between Levels 1 and 2. A couple of examples are shown in Table 1:

Table 1: Generation in 2050 (TWh/yr)

	
	Level 1
	Level 2
	Level 3
	Level 4

	Combustion +CCS
	10
	239
	337
	511

	Solar PV
	0
	62
	83
	144

	Offshore wind
	0
	60
	100
	140


I.b CCS capture efficiency

We expect that the % capture rate will change over time – and will not be fixed at 90%. npower suggested to Henrietta Stock of the Carbon Trust that they were aiming for 65% on initial demonstrations, reaching 80% after a couple of iterations and hopefully getting close to 90% 'eventually'. Hence this change should be reflected in the increasing capture % as CCS technology evolves - we have assumed in our Carbon Trust modelling that the first plants will be at 65% capture, new plants reach 80% by 2020, and then 90% by 2030. This development in capture % applies to coal, gas and biomass CCS.
II.a Nuclear

In the work we carried out for the Carbon Trust technology prioritisation project, nuclear power generation was only assumed to be able to supply up to 78% of domestic production, for load-following and grid balancing reasons. This is based on the current % generation in France (419 TWh out of 537 TWh)
, which currently has the highest % nuclear generation in the world - and would be consistent with the DECC Level 4 build rate assumptions following those of France at its peak.

EDF Energy state that the very earliest date for initial new build plant operation is 2017 – the DECC figures need to be adjusted to remove the build rate in 2015 and 2016.
III.a Offshore wind

The Carbon Trust thought that the Level 4 deployment was challenging but doable with significant investment.  However they queried the different build rates from 2015-2025, since they would have expected the build rates to be the same in each trajectory, until the trajectory max build rate (of 0.50, 3, 5 or 7 GW/yr) is met – i.e. there is a limit to how fast the UK industry can accelerate. This would mean the cumulative installed capacities would be the same in the early years, with Level 4 taking the longest to reach its maximum rate. 
III.c Tidal stream

There is significant variability amongst data sources for how much tidal stream resource is practicably extractable.  SDC “Research report 1: UK tidal resource assessment” provides a summary of most sources available to date. Capacity factors used also vary from around 35-40%. The values that we used in our Carbon Trust technology prioritisation project are from the Carbon Trust Marine Energy Challenge – these give a faster rampup than Level 4, but are then capped at a similar value to Level 3.

Table 2: Installed UK tidal stream capacity (GW)

	2007
	2010
	2015
	2020
	2025
	2030
	2035
	2040
	2045
	2050

	0.00
	0.00
	0.17
	1.70
	2.00
	5.00
	5.50
	6.00
	6.00
	6.00


III.c Tidal range 

The possible construction of the Severn Barrage needs to be delayed in the DECC 2050 model, due to the recent announcement that Government plans have been dropped until at least 2015

III.c Wave

Carbon Trust’s “Focus For Success” modelling gives GW capacities for a 'UK Best case realistic' scenario which gets to 35GW in 2050. This is a similar installed capacity to DECC Level 4 – but with a slower ramp-up before 2025

Table 3: Installed UK wave capacity (GW)

	2007
	2010
	2015
	2020
	2025
	2030
	2035
	2040
	2045
	2050

	0.00
	0.00
	0.20
	0.30
	0.99
	2.70
	7.50
	17.37
	35.00
	35.00


IV.a Distributed solar PV and IV.b Distributed solar thermal
Solar PV and Solar thermal heating both need to be limited to only installation on suitable houses – i.e. not flats and maisonettes that lack their own roof. If you assume that all flats and maisonettes are not suitable for installation, as they do not own their own roof, then the maximum number of households for both these technologies in 2050 should be adjusted down by 19% (according to the latest 2001 Census data which gives 19% of households living in flats / maisonettes). This would give a maximum deployment of 40 million x 81% = 32.4 million.
V.b Biomass and biofuels imports

We have recently finished a detailed modelling project for the Department for Transport – “Bioenergy across transport modes: Project 1”. This is has assessed the amount of bioenergy potentially available to the UK transport sector, out to 2050. This modelling involves an assessment of the global supply available, and demand, in 17 world regions, before calculating an amount that could be imported into the UK.

One critical factor is the % of the global market that the UK is able to capture. Due to using AEA’s results out to 2030 from their “UK and Global Bioenergy resources” project for DECC, we have had to keep the same assumption out to 2050. This assumption is that the UK could capture 10% of the global surplus, once all other countries had met their projected bioenergy demands.

If instead we were to have taken a “fair-share” approach based on UK vs. global population (0.83%), as in the DECC 2050 model, then our modelling would have output available UK biomass + biofuel imports of 41, 127 and 337 TWh in 2050, under a set of three consistent world scenarios. Other world scenarios modelled had no global surplus, i.e. 0 TWh available for import in 2050. These values are broadly similar to the 4 levels in the DECC 2050 model of 0, 70, 140 and 280 TWh.

If you are interested, we can provide intermediate years for these potential import values – for 2010, 2015, 2020, 2025, 2030 and 2050. The reason this may be of interest is that our modelling suggests that the development of UK import potential is not likely to be a straight line growth over time. The model runs we have conducted show the UK import potential staying fairly flat or even falling to 2020, since energy crops have yet to take off significantly and sustainability constraints imposed by the RED constrain the supply of 1G biofuels. Sharp growth occurs from 2020 to 2030 with the take off in energy crops, with land availability limits slowing this growth after 2030. Please let us know if you would be interested in these more precise values.

VI.a Agriculture and land use

The amount of arable land available for energy crops in 2050 (1.355 Mha) is reasonable, given yield improvements and the range of land areas available in 2030 from other studies. However, we feel that the amount of grassland that is available for energy crops is much too high in Level 4 (2.713 Mha), especially given sustainability constraints imposed under the RED. Other studies suggest that temporary grassland (which is a fairly small area of about 0.133Mha) could be converted to grow energy crops, but the carbon stock change and other sustainability impacts in switching permanent grassland to energy crops is likely to be fairly large. Therefore we feel that this 2.713 Mha ought to be reduced in DECC Level 4.

X.a Domestic lighting, appliances and cooking

The assumptions for lighting under DECC Level 1 are too conservative. Although “Status quo with historic improvements in efficiency, and no change in how we manage lighting/appliances” could apply to appliances and cooking, all incandescent light bulbs will soon be phased out under EU legislation, regardless of UK policy. Therefore the DECC Level 1 should reflect this shift away from incandescent bulbs – especially as there has already been a large shift since 2007. The assumption for lighting under Level 2 “Total demand for electricity for lighting reduced by 30% (e.g. by replacing all incandescents with CFLs with average efficiency of 50 lumens/watt, by 2050)” might be more appropriate within Level 1.
Also, providing separate household demand data for lighting and for appliances would also make the model more transparent – the mixed category “lighting and appliances” means that several factors / pieces of policy apply at each Level, making it difficult to ascertain which described item within a particular Level has the greatest effect.

XII.a Domestic passenger transport

There is only one efficiency pathway for passenger transport – which seems to assume that all ICE cars become hybridised and hence 60% more efficient by 2050. This is not guaranteed – an approach with 4 trajectory choices (as with freight in XII.b) might be more appropriate for passenger car/bus/rail transport. We have also noted that ICE buses and Diesel rail both have a large disparity in efficiencies between the real data in 2007, and the values used in 2010.
XII.a Hydrogen FCVs

The maximum penetration of FCVs could be much higher than 20% - i.e. there could be a feasible future passenger travel scenario in which hydrogen plays a larger role than pure electric vehicles. This is based on our observation of recent industry announcements regarding difficulties in scaling up BEV production, and our work for the Carbon Trust FIE tool / technology prioritisation project, using EIA scenarios
. The development of FCVs in the US can be taken to be a reasonable proxy for likely developments here in the UK.

The EIA presented three FCV scenarios:

S1 - Derived from DOE’s Office of Energy Efficiency and Renewable Energy (EERE) fiscal year 2008 budget. FCV penetration of the market for new LDVs begins in 2015 and increases slowly through 2020 to 1%, after which it increases rapidly to 22% in 2030 and ~ 50% in 2045

S2 - Developed by ORNL, assumes significant cost reductions due to economies of scale. Market penetration begins in 2018 and increases slowly, to 2.5% in 2025. After 2025, FCV market share continues to grow rapidly through 2050, when ~ 90.0% of new vehicles sold are hydrogen FCVs

S3 - Assumes that all hydrogen FCV technology and cost goals are met, that the infrastructure is developed in tandem, and that there are no impediments to success. Market penetration beginning in 2015 and growing by 1 percentage point a year to 10 percent in 2024. After 2024, the rate of market penetration increases 5% points per year through 2034, when FCVs make up 60% of new vehicle sales. In 2038, FCVs account for 100% of new LDV sales

Assuming an average 15 year vehicle life, we have converted these shares of market sales into shares of total passenger km in each year, as shown below in Table 1. All three of the EIA’s scenarios reach higher FCV penetrations than in all of the DECC 2050 levels.
Table 4: FCV % share of total passenger km

	
	2007
	2010
	2015
	2020
	2025
	2030
	2035
	2040
	2045
	2050

	DECC Level 1
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	DECC Level 2
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.5%
	1.0%

	DECC Level 3 
	0.0%
	0.0%
	0.0%
	0.0%
	1.8%
	3.5%
	6.8%
	10.0%
	15.0%
	20.0%

	DECC Level 4 
	0.0%
	0.0%
	0.0%
	0.0%
	1.8%
	3.5%
	6.8%
	10.0%
	15.0%
	20.0%

	EIA Scenario 1 
	0.0%
	0.0%
	0.0%
	0.2%
	2.3%
	6.9%
	13.0%
	20.1%
	27.8%
	34.3%

	EIA Scenario 2 
	0.0%
	0.0%
	0.0%
	0.1%
	0.6%
	4.4%
	12.1%
	22.7%
	35.4%
	49.4%

	EIA Scenario 3 
	0.0%
	0.0%
	0.1%
	1.3%
	3.8%
	11.7%
	24.8%
	45.2%
	61.2%
	72.5%


A further source of information, relevant to the EU market, is the very recent McKinsey study (2010) “A portfolio of power-train options for Europe: a fact-based analysis”, Available at: http://www.wbzu.de/uploads/egger/101108_EU_power_train_coalition.pdf This study also has three different penetration scenarios: 

· A world skewed towards ICE (5% FCEVs, 10% BEVs, 25% PHEVs, 60% ICEs)

· A world skewed towards electric power-trains (25% FCEVs, 35% BEVs, 35% PHEVs, 5% ICEs)

· A world skewed towards FCEVs (50% FCEVs, 25% BEVs, 20% PHEVs, 5% ICEs).

XII.b Domestic freight transport

ICE HGV efficiency improvements are shown per vehicle-km and not per tonne-km. However, this metric does not show the increase in load capacity typical to this segment. The TWh/tonne-km efficiency improvements are likely to be much higher than the TWh/vehicle-km improvements.
Another thing that we would suggest here is that the DECC model splits out behaviour and efficiency/electrification, as was done for passenger transport. If the UK made a mode shift to rail and/or water freight transport, there would be less incentive to improve HGV efficiency and vice-versa.

XII.c International aviation
IEA (2008) “Energy Technology Perspectives” assumes the technical potential for efficiency improvement (measured as energy-intensity reduction) of new aircraft is in the range of 25% to 50% by 2050, or about 0.5% to 1.0% per year on average. IEA use 0.8%/year improvement in their aviation calculations
XII.e International shipping

IEA (2008) “Transport Energy and CO2” - Baseline Scenario for international shipping estimates the additional efficiency gains from new build designs will be up to 30% from the current fleet average. With an expected vessel life of 30 years, this would equate to a fleet efficiency improvement of 1% per annum. A slightly more optimistic annual reduction of 1.33% is given by AEA (2008) “Greenhouse gas emissions from shipping: trends, projections and abatement potential” Table 24: Relative CO2e reductions on a tonne-mile basis compared to a baseline 2008 “typical” in-service ship

IX.a Domestic space heating and hot water and IX.c Commercial heating and cooling
Actual sales of domestic boilers in the UK in 2007 were 1,781,000, in addition to 30,000 commercial boilers (BSRIA Blue Book, 2009). This is somewhat higher than the 1.3 million domestic installations per year assumed in the model in 2007, and 0% commercial installations in 2007. The domestic sector sheet gives numbers of households – however, not having a number of units in the commercial sector makes comparisons with known data much more difficult.
According to Richard Guy at the Carbon Trust: “The potential market size of a particular heating technology is more likely to be constrained by the ability to scale up supply chains, including installers, rather than a % limit of total boiler sales”. For example, small-commercial MicroCHP, which would appear to be a good rational economic purchase, is struggling to scale up beyond a few thousand units/year as the industry experiences growing pains. 

Air-source heat pumps

Heat pumps are already commercial; hence we would recommend bringing forward the UK start date to 2010, instead of 2015. However, the derived rampup for ASHP to 2020 is too steep. Although there are already ~2,500 air-to-water HPs systems installed in the UK (mainly in commercial properties), under optimistic market growth rate assumptions
, there are only likely to be around 720,000 domestic units + 80,000 commercial units installed by 2020
. This is significantly less than the 4.26 million households in 2020 in the DECC 2050 model under pathways 1 and 4.
Based on Element Energy's microgeneration report
, faster deployment of ASHPs compared to GSHPs is likely, since ASHPs have strong connections to the already developed air conditioning industry and fewer supply barriers, and the use of variable power ASHP systems increases their applicability as an off-the-shelf, viable heating technology.
Ground-source heat pumps

These are already commercial technologies as well; hence we would recommend bringing forward the UK start date to 2010, instead of 2015. However, the derived rampup for GSHP to 2020 is too steep. Although there are already ~8000 systems installed in the UK (mainly in commercial properties), under optimistic market growth rate assumptions
, there are only likely to be around 1.08million domestic units + 120,000 commercial units installed by 2020
. This is significantly less than the 2.13 million households in 2020 in the DECC 2050 model under pathways 1, 2, 3, 4, 8, 10 and 13.
An equally important issue is that of suitable installation sites, and hassle costs. Element Energy state that “There is limited potential for GSHP in the retrofit market, except in niche locations. Several GSHP suppliers highlight the very real challenges faced in the retrofit market – i.e. persuading existing homeowners to dig up gardens for trench based ground loops at the same time as replacing their heating systems. Timing may be an issue at two levels – firstly GSHP may require some planning and so is likely to be inappropriate for those in a hurry to replace broken or unreliable heating systems. Secondly consumers may need to factor in suitable timing for the garden work or installing underfloor heating. In addition, consumers are likely to be put off by the uncertain costs of the civil engineering aspects, which may be difficult to cost without a site analysis. The cost of drilling boreholes (1-3 single holes per household) is very expensive in the UK, and therefore one-off retrofits installations are unlikely to be cost effective and generate profit for suppliers. However, housing association work involving multiple retrofits in the same area can unlock economies of scale and become more cost effective" We would therefore recommend in the modelling that the annual GSHP potential market in the UK is limited to a maximum of the new buildings/households, plus a constrained % of the retrofit/replacement market. 

In a similar fashion to solar PV and solar thermal heating requiring households to have their own roof – GSHPs require their own ground beneath the property (or garden). GSHPs cannot be installed in the majority of existing flats and maisonettes (i.e. 19% of households), hence the overall accessible number of households should also be constrained.

Heat pump coefficient of performance

The feedback that we have received from the Carbon Trust suggests that ASHP and GSHP are less likely to be used for hot water provision – since the requirement to get above 55°C (usually ~60°C) leads to substantial efficiency losses. We notice that the DECC model has considered this by reducing hot water efficiencies by 100% compared to space heating efficiencies. 
However, both the water heating and space heating COPs might need to be revised - this Birmingham university study 
 gives a comprehensive review of different makes and models, calculating average annual COPs (i.e. including efficiency losses in the winter when heating demand is the greatest, but outdoor temperatures are lowest), as well as providing real world data. Key UK results are given in Table 5.
Table 5: Average annual COPs for UK external temperatures

[image: image1.emf]
“These predicted average annual COP values can be compared to the following results gathered from field trials of domestic heat pump systems. Note that the COP values presented in the previous table are for the heat pump only – and do not take into account any additional energy used on the backup heater (usually a resistance immersion heater – with COP = 1). In a carefully sized system, use of the immersion heater can be minimised to only provide 3-6% of the supplied heat. With a heat pump of COP = 4.0, this would reduce the overall system performance to between 3.82 and 3.91”
“Some installers recommend sizing heat pumps to meet 75% rather than 100% of peak heating requirements, and obtaining the final 25% from direct electric heating” (this is 25% of the kW rated power, hence the % TWh heating provided by electric heating will be much lower)

Heat pump cooling

Air source and ground source heat pumps could also be used for cooling – since this only requires a small temperature difference. The inclusion of ASHP or GSHP cooling in the model could have an especially large impact on commercial properties (where cooling are demands much higher).

Electric resistive heating
We agree that electric resistive heating is unlikely to expand beyond its current 10% market share, and that "Resistive heating not expected to be rolled out except to parallel heat pump roll-out as part of general electrification". Element Energy also do not consider any future expansion in electric resistive heating. They are only 3% of current sales, and primarily found in the 11% (and falling) of properties off the gas network
.
Passive daylighting

Richard Guy at the Carbon Trust mentioned that although the DECC model has considered the effect of building materials and design on heating/cooling demand, it has not considered passive daylighting – i.e. using building design to reduce lighting demands. However, none of the data sources we have looked consider this explicitly (few sources consider buildings design and materials explicitly!). IEA only gives savings for lighting in terms of the bulb technology, not lumens provided. This might not have a large enough effect to be worth considering after 2020, since with changes in lighting technologies and increasing efficiencies in Level 2,3 and 4 will mean that future lighting demand should be small (only a couple of TWh/yr by our calculations).
MicroCHP

Based on Carbon Trust estimates, there are potentially a maximum of 10million households in the UK currently suitable for microCHP deployment - typically larger, older houses with more bedrooms and higher heating demands. Given that there are currently 26.3million households in the UK, this would be a 38% penetration – or alternatively, with 40million households in 2050, this would only be a 25% penetration. This fits well with a maximum of 24% of domestic heating demand being met by the current generation of lower electrical efficiency microCHP (e.g. Stirling engines).
Fuel cell microCHP is maximised in DECC's model under Pathway 11, with annual penetrations in new + replacement systems of 90%. However, after discussions with Kofi Atuah of the Carbon Trust, this 90% penetration was thought to be unrealistically high, as many domestic buildings are not suitable for microCHP – for either current or future microCHP technologies. Kofi also stated that looking forward, new build properties will often not be particularly suitable for microCHP, because of higher heating efficiency and greater variation between heating and power requirements (unless there is a radical breakthrough in microCHP flexibility and/or costs). However, as an estimate, and given that fuel cell microCHP have significantly higher electrical efficiency than Stirling engines, and hence are suitable in a greater proportion of households, it was suggested to assume the same 38% of buildings that are currently suitable, and use this for new build domestic buildings as well. In 2050, with 40million households, this would give a total deployment of 16million units. 

The Stirling engine microCHP electrical efficiency of 23% given by DECC is far above current performance values – it more accurately reflects likely efficiencies in 2050. After discussion with Clare Hanmer at Carbon Trust, this value was changed in our Carbon Trust FIE modelling to 7% in 2010, ramping up to 23% in 2050

Community scale gas-fired CHP

Poyry (2008) use the following assumptions
:”OCGT CHP efficiency is assumed to be 35% efficient with an overall efficiency assumed at 78%, whereas for CCGT technology we have assumed 42% CHP efficiency and 80% total efficiency” and ”the fuel for CHP is assumed to be gas and the average load factor is 60%". As an alternative reference, Poyry (2009) estimates Community CHP efficiency to be 28% electrical and 52% thermal for an overall efficiency of 80%

Q2c. 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?
Yes, the use of trajectories A,B,C,D in bioenergy and the electrification of demands and transport (as opposed to Levels 1,2,3,4) is a clear and suitable approach for these sectors. We note that XII.a (i) Behaviour is given as a Level 1,2,3,4 since it represents the scale of mode shifting achieved – with the confusing factor being that mode shifting is actually a choice!
Q3b. As regards specific sectors: Are the bioenergy conversion routes used in the model accurate, or are there more efficient routes for converting raw biomass into fuels?

We note that although the DECC 2050 model includes energy use in the production of fossil fuels (XV.a and XV.b), it does not follow a similar approach for bioenergy. However, the future widespread use of biomass in the UK will also be accompanied by increased haulage vehicle fuel usage. The GHG savings of solid biomass decreases quickly as road transport distances to the end-user increase, due to their low densities compared to liquid or fossil fuels – these added transport emissions are particular important for wet wastes and biomatter (since you are also effectively transporting large amounts of water). For an idea of these costs and GHG impacts, see RCEP (2004)
, although we have more up-to-date data from our work for the DECC biomass supply cost curves project in 2008.
V.a Conversion efficiencies – 2G biofuels from dry correction

64% conversion efficiency of dry biomatter and energy crops to liquid hydrocarbons is too high. The conversion efficiencies for lignocellulosic ethanol plants are likely to start at around 35% by LHV energy content increasing to around 42% by 2050. This is derived from our analysis on 2G Ethanol for Carbon Trust (2009) “Focus for Success”. As the DECC 2050 used gross calorific values, converting the LHV conversion efficiencies results in HHV efficiencies of 31.8% now, and 38.2% in 2050.

The BTL developers closest to commercial deployment (CHOREN, Range Fuels, Enerkem, ClearFuels, Coskata) are currently designing plants with dry biomass to liquid fuel LHV efficiencies of 45-55%, which agree with research studies
,
. Converting into HHVs, this is 41.8 – 51.1%

One exception is the black liquor (liquid biomass) to bioDME process developed by CHEMREC which could reach 70% LHV efficiency; however, black liquor is not produced in the UK, hence this technology is not considered.

So in summary, a global average conversion efficiency for 2G ethanol and BTL plants could be assumed to be 37% HHV now, rising to 45% HHV in 2050. We note that the fact that the DECC 2050 model does not split out diesel and ethanol separately makes taking this average necessary.
Another point is that the UK will not have any operating 2G biofuels plants until at least 2013 (since we have few developers here, and plants are only in planning), hence this 2G conversion efficiency / route will not be available in the first years.
V.a Conversion efficiencies – 2G biofuels from wet correction

The 44% conversion efficiency from wet biomatter and wastes to liquid hydrocarbons of 44% is too high. Wet UK feedstocks include manure, sewage sludge, food waste and macroalgae. It is therefore more likely that these wet feedstocks will be used to make ethanol, or dried before conversion to FT Diesel, hence the conversion efficiency will likely be towards the lower end of the combined ethanol and FT diesel range. Therefore the HHV conversion efficiency should be 31.8% now, and 38.2% in 2050.

V.a Conversion efficiencies – 1G biofuels query

We were unsure which 1G crop and conversion process has been used to derive 31% - although esterification of Oil Seed Rape to biodiesel is close to this value. It is worth noting that UK wheat to ethanol could also be significant – which has much higher conversion efficiencies at around 55%
.
V.a Conversion efficiencies – Anaerobic digestion adjustment
80% conversion efficiency of wet biomatter and wastes to gaseous hydrocarbons is currently slightly too high. In 2005, base-case recovery efficiencies were around 60%
, with future efficiencies expected to be around 85%
 due to “the REA and AD manufacturers suggesting that 85% productivity would be considered good”. NERA/AEA used 75% efficiency, due to digester heating requirements
 in their 2009 RHI modelling, although also used 67% in other documents. We would therefore recommend decreasing the efficiency to 75% currently, but to have it increase to 85% in the future.
V.a Conversion efficiencies – solids query

The conversion efficiency of 90% for pelletising dry biomatter or energy crops to form solid hydrocarbons is correct, agreeing with other references we have seen. However, many larger power and heat applications will simply use chips as these are cheaper – hence you don’t need to pelletise the biomass first. Therefore, the average conversion efficiency could be closer to 100% - if you assume half chips, half pellets, this would give an average 95%

V.a Conversion efficiencies – bioSNG correction

58.5% conversion efficiency of dry biomatter and energy crops to gaseous hydrocarbons is too low. Our detailed study
 for the NNFCC modelled bioSNG efficiencies, costs and potential for deployment, and in this study we used an average wood (at 25% moisture content) to bioSNG efficiency of 67.5% LHV, or 66.2% HHV. However, this technology will only be available in the UK from 2020.

V.a Conversion efficiencies changing over time

All the bioenergy to hydrocarbon conversion efficiencies are held constant over time – however, we would expect many of the routes to improve slowly over time. These increases have already been discussed for AD biogas and 2G biofuels from dry and waste biomatter.

From our current transport bioenergy work for DfT, taking in input from Poyry’s levelised cost modelling, 1G biofuel technologies are assumed to improve at 0.05% per year. Annualised over 40 years from 2010 to 2050, this gives an efficiency improvement of x 1.02

BioSNG technologies converting dry biomass and wastes, and energy crops, to gaseous hydrocarbons are predicted to improve at the same rate as bioDME plants – i.e. 0.10% a year, which when annualised over 40 years gives a factor of x 1.04

Therefore, the table in 2010 might look like:

	 
	Wet biomatter and waste
	Dry biomatter and waste
	Energy crops
	1G crops
	Gaseous waste

	Description
	V.10
	V.09
	V.13
	V.14
	V.15

	Solid hydrocarbons
	 
	95.0%
	95.0%
	 
	 

	Liquid hydrocarbons
	31.8%
	37.0%
	37.0%
	31.0%
	 

	Gaseous hydrocarbons
	75.0%
	66.2%
	66.2%
	 
	100.0%


And in 2030 or 2050:

	 
	Wet biomatter and waste
	Dry biomatter and waste
	Energy crops
	1G crops
	Gaseous waste

	Description
	V.10
	V.09
	V.13
	V.14
	V.15

	Solid hydrocarbons
	 
	95.0%
	95.0%
	 
	 

	Liquid hydrocarbons
	38.2%
	45.0%
	45.0%
	31.6%
	 

	Gaseous hydrocarbons
	85.0%
	68.8%
	68.8%
	 
	100.0%


Q3g. Could the relative roles of coal and gas out to 2050 vary from the assumptions shown in this work, and if so, how?

We were surprised to see the ratio of gas to coal unabated power generation held constant over time. We would expect that the proportion of unabated gas relative to unabated coal would grow, due to the relative fuel costs, efficiencies and future emissions constraints. Our work with the Carbon Trust FIE tool and ETI ESME model has also suggested that unabated coal plants will not exist in 2050, with unabated gas plants only appearing in a couple of scenarios.
Furthermore, we were also surprised to see that constant efficiencies over time for unabated gas and coal power plant had been used in I.a Conventional thermal plant, but in I.b Combustion + CCS, the modelled baseline unabated plant efficiencies for the coal CCS efficiency calculations change over time! We would expect conversion efficiencies to improve over time – one source of information for 2050 is IEA (2010) “Energy Technology Perspectives”
Q4a. 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

 “A substantial level of electrification of heating, transport and industry is needed” and “Electricity supply needs to be decarbonised, while supply may need to double” The majority of the cost optimised ETI ESME runs we have conducted support both of these assertions – this has been as part of our technology prioritisation project for the Carbon Trust. Heat and transport electrification is especially high if there constraints on the biomass and biofuels resources available

“Availability of sustainable bioenergy” – we agree this is a key uncertainty. Sustainable bioenergy is a vital part of a low carbon energy system. From the ETI ESME runs that we have done, the model cannot meet 80% GHG reductions without bioenergy

“A growing level of variable renewable generation increases the challenge of balancing the electricity grid” The majority of the ETI ESME runs also have large amounts on storage in order to achieve this balancing in 2050, due to the dominance of wind, nuclear and CCS technologies

One common implication that might be worth noting is that of the “holy trinity of wind, nuclear and CCS”, and the fact at least 2 of the 3 technologies are required at Level 3 (or above) in order to avoid excessive measures in a lot of other sectors. The majority of the ETI ESME runs always have large amounts of wind and nuclear, with varying amounts of CCS

Another uncertainty that could be mentioned is that of “rebound effects” – especially with relation to some of the demand trajectories incorporated in the model. Reduced costs and improved efficiency of a particular consumption technology generally leads to greater levels of utilisation / increased demand. See UKERC’s report on the topic: http://www.ukerc.ac.uk/support/tiki-index.php?page=0710ReboundEffects 
Q5a. What criteria should be taken into account in understanding the impact and relative attractiveness of pathways?
Q6a. 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?

The following criteria strike us as the most important:

· Cost – both in terms of capex investment required, and annual costs. A delivered electricity price (p/kWh), delivered heat price (p/kWh), and transport costs (p/passenger-km, and p/tonne-km) from the mix of technologies in each sector might be another way to demonstrate the costs of a scenario 

· UK energy security – using import reliance as a % of energy demand. The UK power sector quantifies and accounts for the LOEE (Loss of Energy Expectation) – you could do something similar for UK imports. This risk based approach would be based on the volume of imports required in the model, combined with the risk of non-delivery and time period involved, in order to calculate a LOEE. There are then studies quantifying the difference between energy prices paid, and the Cost of Unserved Energy (CUE) – the ratio can be as high as x100 in some sectors. Some surveys indicate the CUE to be between $0.25/kWh and approximately $7/kWh
. The LOEE provides a useful link to the economic side of reliability, since LOEE x CUE = expected annual economic losses due to outages.

The missing step would be how to estimate the probability of non-delivery of imports –you could use historical data as a proxy?
· Although the following factors do have costs, they are somewhat intangible: costs of environmental impacts (water, waste pollution, tidal flood plain and habitat changes), changed customer behaviour, visual impacts / NIMBY-ism. We therefore think that is probably too difficult / not worth quantify these within the DECC 2050 model

· The wide scale deployment of poor quality biomass heating, especially in high density areas, could have a significant impact on human health. The costs of decreases in air quality are quantified in Government impact assessments
. However, the DECC 2050 model doesn’t calculate the emissions of PMs, NOx etc – and consideration of this would require the separation of biomass out from coal in solid hydrocarbons, in order to have its own set of emissions factors

We see it as a positive that the DECC 2050 model takes a different approach compared to MARKAL or ETI ESME modelling – it is not a black box where other users struggle to understand the outputs given the set of inputs – every formula and value in the DECC 2050 model is traceable. One thing that we have seen from the ETI ESME model is that small changes in 2010 cost inputs or resource availability can have a huge influence on 2050 outcomes, because of the way that the least cost technology is always selected first – hence the model results can be very sensitive!
Cost reductions through learning will be largely dependent on the deployment of technologies in the rest of the world. Therefore, you will most likely need to keep a constant global scenario for technology costs and deployment, whilst you alter parameters in the UK (e.g. the IEA’s BLUE MAP, which meets a 50% global reduction in GHG emissions by 2050). For this reason, and because of ease of calculation, it will most likely be most straightforward to keep the DECC 2050 model structure as it is, and then hang the cost calculations off the back-end in a couple of separate sheets. 

Q7a. Do you have any further suggestions for refining the 2050 Pathways Calculator?

2010 update
When 2010 data from DUKES etc becomes available, the whole calculator could be updated by removing all the 2007 values, and starting at 2010 – since 2007 data is starting to be outdated
V.b Bioenergy imports

Both imported biomass (as solid hydrocarbons) and biofuel (as liquid hydrocarbons) are given the full emissions credit from multiplying the TWh imported by the respective coal and diesel emissions factors. However, biofuels emissions savings can be significantly lower than 100% (and negative in some cases) due to emissions in planting, harvesting, transportation and production. 
Given the size and hence significance of the GHG savings attributed to these bioenergy imports in the DECC 2050 model (savings of up to 78 MtCO​2e/yr), we therefore wanted to ensure that under the Climate Change Act, and the definition of the UK’s Kyoto GHG emissions, that the emissions occurring in making these imported biofuels will be accounted for in the country of origin, and not apportioned to the UK final user. If this is indeed the case, then counting the full emissions credit would indeed be the correct methodology for the DECC 2050 model to follow.
However, if the UK does have to account for a proportion of these “imported emissions”, then for the imported biofuels, we would suggest that the DECC model take the RED GHG emissions targets as the minimum % savings - i.e. 35% saving in 2015, and 50% saving from 2020 onwards, since any biofuels with smaller GHG savings than these targets should not be allowed into the EU/UK.

VII.a Electricity imports / exports

There is a similar question regarding accounting for the carbon emissions due to electricity imports/exports from the UK

VII.c Electricity distribution, storage and balancing

Solar PV and domestic lighting & appliances should also be included within “volatile sectors”

We are not sure that up to 90% of the annual energy flow through PHEV and EV cars will be able to contribute to balancing. This is because initially, car charging will be passive – cars will draw power from when they get plugged in until they fully charged, hence PHEV and EVs will be another “volatile sector” demand that needs to be balanced, since the majority of charging is likely to arise in the evenings on returning from work – i.e. at peak hours.

Use of cars for balancing would rely on establishment of smart grids and utility contracts that promise to charge the car by 7am the next morning in order that the cars do not place too great a demand on the system. This controlled charging will allow some balancing to occur by delaying demand. The possibility of power flowing from the car battery to nearby users at certain points of the day/night is seen to be considerably further in the future – mainly due to battery warrantees, and the extra infrastructure needed to allow cars to be plugged in whenever not in use (e.g. through the day as well as the night)

Control: Bioenergy and split of hydrocarbon use amongst the sectors

In general, the approach to individual resources converting into biomatter types and then their conversion in gaseous, solid and liquid hydrocarbons is rather opaque. This could be improved by expanding the “Supplemental data” on the right hand side of the Control sheet, to include every year (2007, 2010, 2015, ... 2050). This would also be very useful if it included every split out of consumption by expanding the INDEX(INDIRECT) function to all the relevant modules using that fuel. At the moment, the couple of sectors given for each hydrocarbon type don’t add to 100%. Whereas, for example, gaseous hydrocarbons are actually consumed in: I.a, VI.a, IX.a, IX.c, X.a, X.b, XI.a, XV.a and XV.b As an example, please see Figure 1.
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Fuel

TWh / year 2007 2010 2015 2020 2025 2030 2035 2040 2045 2050

Y.04Coal exports (imports) (276) (235) (87) 54 57 (118) (324) (522) (717) (905)

Y.05Oil and petroleum products exports (imports) 100 (56) (173) (286) (304) (310) (376) (426) (456) (481)

Y.06Gas exports (imports) (169) (363) (504) (360) (29) 4 10 28 47 68

Y.01Biomatter exports (imports) (4) (9) (16) (24) (32) (39) (47) (55) (62) (70)

Y.02Electricity exports (imports) (5) 0 - - (0) 296 599 839 1,074 1,301

Bioenergy contextual data

Source / Use

TWh / year 2007 2010 2015 2020 2025 2030 2035 2040 2045 2050

Consumption of gaseous hydrocarbons 1,019 1,016 1,048 824 416 320 263 206 156 111

VSupplied from biogas 2% 3% 4% 8% 17% 22% 28% 36% 49% 70%

IX.aUsed in domestic heating 32% 34% 33% 31% 47% 47% 44% 44% 45% 49%

IX.cUsed in commercial heating 8% 8% 7% 7% 9% 7% 6% 4% 4% 3%

I.aConventional thermal plant 37% 37% 42% 40% 5%  -  -  -  -  -

VI.aAgriculture and land use 0% 0% 0% 0% 0% 1% 1% 1% 1% 2%

X.aDomestic lighting, appliances, and cooking 1% 1% 1% 1% 1% 1% 1% 1% 1%  -

X.bCommercial lighting, appliances, and catering 1% 1% 1% 1% 1% 1% 1% 1% 1%  -

XI.aIndustrial processes 15% 14% 13% 15% 29% 35% 40% 41% 40% 36%

XV.aPetroleum refineries 0% 0% 0% 0% 0% 1% 1% 1% 1% 2%

XV.bIndigenous fossil-fuel production 6% 5% 4% 4% 7% 7% 7% 7% 7% 8%

Consumption of liquid hydrocarbons 880 874 844 824 738 662 664 663 654 649

VSupplied from liquid biofuels 0% 0% 1% 1% 2% 3% 3% 4% 5% 5%

I.aConventional thermal plant 1% 1%  -  -  -  -  -  -  -  -

VI.aAgriculture and land use 0% 0% 0% 0% 0% 1% 1% 1% 1% 1%

IX.aDomestic space heating and hot water 1% 1% 1% 1% 1% 1% 0% 0% 0% 0%

IX.cCommercial heating and cooling 1% 1% 1% 1% 1% 0% 0% 0% 0% 0%

XI.aIndustrial processes 9% 9% 9% 9% 11% 12% 12% 12% 12% 12%

XII.aDomestic passenger transport 47% 45% 42% 39% 32% 23% 21% 19% 15% 12%

XII.bDomestic freight 12% 14% 14% 14% 15% 15% 16% 16% 17% 17%

XII.cInternational aviation 17% 18% 21% 24% 27% 31% 32% 32% 32% 32%

XII.eInternational shipping (maritime bunkers) 3% 5% 6% 6% 8% 10% 12% 14% 17% 20%

XV.aPetroleum refineries 6% 6% 6% 6% 6% 7% 7% 6% 6% 6%

Consumption of solid hydrocarbons 443 430 317 221 271 477 717 953 1,186 1,416

VSupplied from solid bioenergy 4% 7% 17% 45% 55% 38% 30% 26% 24% 23%

I.aConventional thermal plant 84% 84% 79% 61% 8%  -  -  -  -  -

I.bCombustion + CCS  -  - 2% 13% 72% 89% 93% 95% 96% 97%

VI.aAgriculture and land use 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

IX.aDomestic space heating and hot water 3% 3% 3% 3% 2% 1% 0% 0% 0% 0%

IX.cCommercial heating and cooling  -  -  -  -  -  -  -  -  -  -

XI.aIndustrial processes 12% 12% 16% 23% 18% 10% 7% 5% 4% 3%

XV.bIndigenous fossil-fuel production 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Energy security contextual data

In the event of a 5 day peak in heating and drop in wind

2007 2010 2015 2020 2025 2030 2035 2040 2045 2050

Balancing capacity used % 37% 47% 59% 100% 100% 100% 100% 100% 100% 100%

Extra standby capacity required GWcapacity - - - 2 7 10 14 13 12 9

Probable annual emissions MtCO2e - - - 0 0 0 0 0 0 0

Supplemental data
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