TSEC BIOSYS

* Topic 2.5 - UK supply of perennial energy crops
(SRC & Miscanthus)

— Investigating barriers and drivers to adoption using the Theory of
Planned Behaviour

— Using farm level mathematical programming models to predict likely
levels of adoption of perennial energy crops in absence of barriers

13th - 14th November Imperial College London 1
2008
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« Summary of research to date

— Focus groups to identify barriers and drivers

13th - 14th November Imperial College London
2008
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« Thame — 23'9 November 2006

« Bawtry — 29" November 2006

« Scotlandwell — 29" January

2007

13th - 14th November
2008
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-Findings

 Farmers perceive fixed contracts to be a riskier
prospect than selling alternative crops on the open
market.

« There are concerns that end users could always back
out, and that enforcing contracts with a single end-user
can be very difficult.

13th - 14th November Imperial College London
2008
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-Findings

« Co-firing seen as a useful way to build up a critical
mass in the market, but the farmers feel that they would
never get the best price from power stations.

 Current high grain prices make SRC much less
attractive, particularly as it reduces flexibility

« Farmers are concerned about the impact of SRC roots
on field drains

13th - 14th November Imperial College London
2008
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 Publication

— Sherrington, C., Bartley, J. and Moran, D., 2008. Farm level
constraints on the domestic supply of perennial energy
crops in the UK. Energy Policy 36, 2504-2512.

13th - 14th November Imperial College London
2008
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attitude

subjective norm

Theory of Planned Behaviour
(Ajzen and Fishbein, 1980)

intention

perceived behavioural
control

Imperial College London
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Energy Crop Establishment Grants

@®Miscanthus (161)
@Short Rotation Coppice  (78)

« Drax & Wilton 10

 Eccleshall

 Didcot

13th - 14th November Imperial College London
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« 150 respondents
« 3 growing SRC Willow

* 9 growing Miscanthus

13th - 14th November Imperial College London
2008
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Behavioural intention

Certainly Probably Unsure Probably Certainly
Statement not not
2.6 Areyou intending to plant SRC Willow on your farm
in the next 5 years? 2 ! 0 ! 2
2.7  Areyou intending to plant Miscanthus on your farm in
the next 5 years? K e Y . e
13th - 14th November Imperial College London 10

2008
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Q2.6 Are you intending to plant SRC Willow on your farm in the next five
years?

No. of responses

Certainly not Probably not Unsure Probably Certainly

13th - 14th November Imperial College London 11
2008
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Q2.7 Are you intending to plant Miscanthus on your farm in the next five
years?

70

60

50

D
o

w
o

No. of respondents

20

10

Certainly not Probably not Unsure Probably Certainly

13th - 14th November Imperial College London 12
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Owerall sample  Correlation

Are you intending to plant SRC Willow on your farm in the next 5 years? n=149 with intent (1)
Main TPB variables Mean s
Intention (1) (-2 to +2) -1.37

Stated attitude (SA) (-2 to +2) -0.77 .586(**)
Subjective norm (SN) (-2 to +2) -0.64 440(**)
Perceived behavioural control (PBC) (-2 to +2) -0.67 440(*%)

** Correlation is significant at the .01 level (1- tailed)

13th - 14th November Imperial College London 13
2008
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Owerall sample  Correlation

Are you intending to plant Miscanthus on your farm in the next 5 years? n=149 with intent (1)
Main TPB variables Mean s
Intention (1) (-2 to +2) -1.26

Stated attitude (SA) (-2 to +2) -0.67 .585(**)
Subjective norm (SN) (-2 to +2) -0.51 .342(**)
Perceived behavioural control (PBC) (-2 to +2) -0.57 511(*%)

** Correlation is significant at the .01 level (1- tailed)

13th - 14th November Imperial College London 14
2008
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« Key findings for policy makers

— Significant non-financial barriers including security and
stability of income from contracts

— Simply increasing gross margin without tackling these
barriers won't bring about widespread adoption

13th - 14th November Imperial College London
2008
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 Conference paper

— Sherrington, C. and Moran, D., 2008. Farmer attitudes and
Intentions towards the adoption of perennial energy crops in
the UK: an application of the Theory of Planned Behaviour.

Paper presented at the 16th European Biomass
Conference & Exhibition, From Research to Industry &
Markets, Feria Valencia, Spain, 2-6 June 2008.

13th - 14th November Imperial College London
2008
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* Modelling uptake at the farm level

— Abstracting from these barriers
— Assume profit maximising individual
— What level of return would be required?

— Technical potential of 350,000ha by 2020

13th - 14th November Imperial College London
2008
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* Policy changes
— Reduced establishment grant, to 40% of actual establishment costs

— Banded ROCs - additional 0.5 ROCs for energy crop biomass worth
£28.81 per odt to generators (Valentine et al., 2008)

13th - 14th November Imperial College London 18
2008



 Current level of return for S
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RC

Tniversity of
Cambridge (2005

Amended establizshment costs
and grant level as per Jones

(2007
Price Llodt a5 40
Tield odthalyr 9 4
Energy crop Lha A0 20
payiment
Establizshment fiha 1273 1663
costs
Establizshment fiha 1000 BED
grant
{ross £/ha 97 67
margin

13th - 14th November

2008
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 Current level of return for Miscanthus

Tniversity of
Cambridge (2005)

Lmended establishment costs
and grant level as per Jones

(2007
FPrice Llodt 25 &)
Tield odthalvr 14 14
Energy crop Lha a0 A0
payment
Estaklishment tha 1691 20010
costs
Estaklishment thha Q20 Bl
grant
{3ross £'ha 75 444
margin

13th - 14th November

2008
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Farm types mode

led

Farm Type Nize Total area farmed (ha)

minall 59

Cereal MMedium 143
Large 292

=inall 41

Ilized Iedium 125
Large 286

=mall B8

GGeneral cropping Iedium Ha
Large 559

minall &l

Cattle & sheep (lowland) Medium 121
Large 205

13th - 14th November
2008

Imperial College London

21



TSEC BIOSYS

Cereal farms
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Mixed farms

¢ Small 02/03
== Small 07/08

A Medium 02/03
=7/x= Medium 07/08

O Large 02/03
== Large 07/08

Percent of farm area

(1
0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500
Gross margin(£/ha)
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General cropping farms
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Cattle and sheep (lowland) farms
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Findings
. Uptake at relatively low gross margins
. Significant changes in area allocated to energy crops as gross

margin increases

13th - 14th November Imperial College London 26
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Aggregate results

% Total % Total % Total
Porerage | Mumber uptake area of uptake area of uptake area of
P‘rpe.':'f Siza zize of Tatal area at Ghd ENErgy at Ghd EMErgy at Ghd &rargy
amming (ha) Farms tha) of Crops of Crops of crops
£100dha | tha) £125ha | tha) £180ha | tha)
Small G0 5,653 339,180 45 162 206 44 166,198
Cerealz | pgadium 143 5,045 7i1.435 . 4 285 574 i1 440 075
Large ez 4,085 | 1.801,320 67 | 107258 76 | 1,217,003 76 | 1,217,003
Small a0 3,015 271,360 M g4.119 M g4.119
hxed hiedium 125 2,081 61,375 -
Large 286 1,931 666, 566 5 fi 3,728 7 39,660
Small Ex 1,786 fifi 462 48 31,297 45 31,897 fid 35 5ad
General - = = 5RD
Cropping | Medium . 226,072 - 24 64,267 30 67 822
Lange 44 3278 [ 1,176,802 7 7. Tar £2 11,937 &5 a7 24
Cattle @ | Small 20 7545 £, 500 g 45,285 7 162 972
LghnlaEPd hedium 111 1,384 167 464 - 4 i 09
(Lowland) e 205 436 50,360 33 78 A2 3 1758
Tatal
area [ha] £ 090,996 1,422 518 2,559 211 2 869 460

13th - 14th November

Imperial College London




TSEC BIOSYS

Conclusions

« The modelling highlights the importance of the barriers to adoption
previously identified

 While increasing gross margin will eventually work, it may be an
expensive way to achieve target

* Increasing confidence in contracts is likely to be a much lower cost way
of meeting the target.

13th - 14th November Imperial College London 28
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Publication to be submitted to Energy Policy

Sherrington, C. and Moran, D. Farmer uptake of perennial energy crops
In the UK: Using mathematical programming to model supply

13th - 14th November Imperial College London 29
2008



