f/& UNIVERSITY OF
&0 BATH

Bioenergy: saint or sinner?

O
Impoc‘rgl/\/ajer Dr Marcelle C McManus
o |_|'Fe Sustainable Energy Research Team

UAssessmenT M.McManus@bath.ac.uk

-
%%gg;g@y%i“w QO Community

Ano|ysis*5 O Energy

Rutyrins- Research |
.Ih .Ihg _8 \ é)SUPER Bioenergy Hub
Em|SS|OﬁS'—‘




e G.B. National Grid Status G NN e
New! Gridwatch France Data courtesy of Elexon portaf and Sheffield University "':"D-si'mm-:ﬁ:\‘l : H-ﬂml{-w: - ‘amms}»( : ‘\.{..aw. ’ ‘\QT;W: ’
N —————— ;n..,..../' T S————
/ a8 40 45 Pumpad 0.39GW Hydro 0 64GW Biomass 2 M4GW Solar LI6GW OCGT 0L0DGW
y ‘f‘fﬁ;ﬁ:‘iit‘.hfo ¥, N [ (8%} ) mam) o)
L% % Q)}%‘ 4% s
UK Demajid (GW) UK GRID Fre}juency (Hz) Nuclear (G#V) Wind JGW)
. . . . . . ([ ity N e N et N e
Smiths Ind. Ltd / Smiths Ind. Ltd / Smiths Ind. Ltd / Smiths Ind. Ltd / Smiths Ind. Lt / Smiths Ind. Ltd / :'°\'CT'““" o ’57/ "'"'cf“—"”: | en
o ’ < ’ p o F———— ———— T R
Demand 43.15GW Frequency 50.055Hz Coal 5.57GW Nuclear 8.39GW CCGT 19.85GW Wind 4.71GW F“"""ﬁ";:}*‘r’“ “‘“‘&'—}"‘7‘“ "“‘p"’;’]m“' “fm
(12.91%) (19.44%) (46.00%) (10.92%)

Daily Demand (GW) Daily Nuclear/Coal/CCGT/Wind (GW) Daily Hydro/Pumped/Bio. (GW] Daily Frenchilrish/Dutch/EW ICT (G

Weekly Hydro/Pumped/Bio. (GW]

v

Weekly Demand (GW)

v

wed Thu

Monthly Demand (GW)

v

K DA

YO0 12 14 16 18 20 22 24 26 28 30 02 04 06 OB 10 12 14

Yearly Demand (GW)

Dec Jan Feb Mg or May Jun Jul Dec Jan Feb or May Jun Jul

Data last recorded on Monday the 14th. of November, 2016 at 15:40 GMT




111

Biomass energy: “‘confident’ renewables: the
technical und e
prohibitive” (| e

. : LTS
Palm Ojj;: [N  incregy, 70% more
oming

- N \ bec (=
Carbon . A fioluel . Gr(.‘(?ﬂhOUSE
emissions T ' 2 Gas

“': : 2N Mor - = o ! .
Biofuels co 35x el \ NI TR, emissions
worse than B, Y _ \,.‘ ' 9.4 ; than diGSe' j)

carbon-neugy "
(Mitchell and :

Biofuels: “C
2005); offer
2003)



R vp' y \,\ l e /)u (\{K










Global Bioenergy Regulatory instruments
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[RENEWABLE ENERGY EMPLOYMENT BY TECHNOLOGY
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World Mapper: GHGs

http://www.worldmapper.org/



World Mapper: Fuel imports

http://www.worldmapper.org/



http://www.worldmapper.org/



World Mapper: Biocapacity

http://www.worldmapper.org/



Development of global biomass use

Biomass use (EJ/yr)
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Global ethanol production (2007 — 2013)
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Global biodiesel production (2006 — 2013)
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Proposed breakdown of total biomass demand
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Resources

Arable/Annual Crops

| OilSeedRape |

| Wheat |

| Maize |

| Sugarbeet |

| Potatoes |

Herbaceous Perennials

| Miscanthus |

| Switchgrass |

| Reed canary grass |

Woody Perennials

| Short Rotation Coppice |

| Pine/Spruce

Residues & Wastes

| Forest Residues

Straw

Organic Municipal
Waste

| Waste fats and oils

| Algae

Conversion Technology

Pressing/Esterification
Enzymatic

Transesterification

Hydrolysis/
Fermentation

/ Pyrolysis /

g GasificaQ

7 Digestion
Torrefaction 2

Fuel

Bio-Diesel

Ethanol (1* and 2" Generation)

Use

Vehicle Fuel

Bio-QOll

FT- Diesel

Heat

DME
(dimethyl ether)

Methanol

Hydrogen

Electricity

Co-firing

Bio-Methane

Small scale burning

/ Large scale burning




Biomethane — Market Overview

NORTHERN
IRELAND

Gaic\)/vay
Ireland

Limerick
[

Cork
o

Dublin
[)

InverzZy Z ici
nei@ys () [ #] Electricity Plant

Aberdeen @ Biomethane
SCOTLAND Plant
(*)
@ndee 0 Heat Plant
©

Edinaurgh
o) Ihgt"g © Agricultural

~
R @ Industrial
@ . Municipa|/
Unlted . Commercial
Kisngdom
@ Sewage sludge
© o ;
Isle of Man © |
Leedgﬁv @
('L :
Liverpocz @1anch§”
@© 0 @
g o @
@9¢\0 . & O
9 2 Can'ﬂg@ o) ©
> LJ ¥ @
ek @ Oxford (s}
Cardiff __ © © O
© 60 ¢ 2 )
s 'ghlon
g © Somhaf‘(«)n
Plymouth
= san
@ ||:i| channhe/

end Map data £2016 Geol

Nearly 80 biomethane facilities now
operating in the UK.

In 2012 there was only 1.

Geographically spread across the country.

Demonstrates the importance in assessing
the policies that have led to this development
and what the implications are going forward.



Biomethane development 2010 — 2015
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e Rapid development in last 5 years, particularly in the agricultural sector



Sustainability Criteria — Key Points
Mal FIT

Sustainability Criteria
introduced — all

( ) ( ) ( ] biomethane faciliti d
GHG criteria GHG criteria Proposed for lomethane facliities nee
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g J \ J g J .
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( N ( N ( i i N . .
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| . - — crop use for criteria
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g J \ J
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(No ro osaIs\ ( Limits on ( )
propo 2016
- to restrict — crop use for — .
. consultation
crop use | | newsites . )




Fossil Fuel Comparator

* Both RO and RHI require 60% GHG savings
e RO: 79.2g CO2 eq/MIJ electricity
* RHI: 34.8gC0O2 eq/MJ biomethane

* 60% GHG saving compared with fossil criteria



Restrictions on the use of crops
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211s8WOQ-UoN

Incentive %}anmem g
Lt : : rd M A
(S\,;?-tca?lgablllty Self-Reporting Guidance &figﬁ%ﬁme 3 aI’Ch 2016 %E;E;g 26th May 2016
gem.gov.uk im ange
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Severely limits what feedstocks can

be used and how AD plants are

Operated_ Proposed reforms to the existing Domestic and
Non-Domestic Renewable Heat Incentive schemes 26 May 2016

3™ March 2016 — URN: 16D/012

GHG measurement and mitigation
now crucial for future of biomethane.

Change of focus: from “how much renewable energy can we produce” to “how many tonnes of carbon can we save”
How we account for that is therefore key



Alternatives to Annual Crops
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Recent study between Rothamsted and Bath assessed the use of Miscanthus as an alternative feedstock for

anaerobic digestion.

Miscanthus offers potential for GHG savings in comparison to maize, however it requires more land due to

lower biogas yields.

Additional benefits of Miscanthus may include soil carbon sequestration



Typical emissions from biomethane
S T T R

Seeds <1%

Pesticides 9 ~1% Low
Fertiliser Production 3 19% Medium
Diesel use in cultivation 4 9% Low
Emissions from fertiliser application 1 26% High
Diesel use in harvesting 6 8% Low
Transport 8 3% Low
Silage losses 7 4% Medium
Grid electricity use 5 9% Low
Methane loss 2 21% High

e A review of GHG emissions from 8 crop-based biomethane facilities shows that emissions from fertiliser use and
methane loss are the largest sources, but they are also the most uncertain due to difficulties in measurement.

e More research is therefore required on these emission sources.



Solid waste Bolier/Gas motor/ Digestate
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e Field trials conducted on 4 biogas sites

e Developing suggested methodology for biomethane operators and an industry best-practice guideline



Methane emission measurement

e Completed methane leakage measurements at 4 sites in the UK
e Biomethane facility using agricultural crops e Food processing waste electricity

e Small-scale farm biogas CHP e Large-scale sewage treatment electricity
e Measurements taken at source point at all accessible points across each site

e First study of its kind undertake in the UK — has generated interest in policy / industry

Stage of Production %F:,?:juc;iitsr:al
Biogas production 0.63
CHP engine * 2.76
Biogas upgrading * 0.71
Biomass sustainability criteria " 0.24

NCHP engine outside scope of sustainability criteria
* only 1 biomethane site

" includes upgrading but digestate storage and CHP
exhaust outside reporting scope




GHG Results — Biomethane (Maize)

Anything over the GHG threshold will not receive RHI payment
In future, the threshold may reduce to comparison with natural gas or LNG which would be lower
Hence managing methane slip from upgrading offers a way to reduce GHG emissions

GHG Emissions (gCO2e/MJ of biomethane injected)
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Crop rotations and land use change

BASELINE ROTATION (BEFORE)

1st quarter 2nd quarter 3rd quarter 4th quarter GwP FOP
jan feb mar april may june july aug sept oct nov dec 100000 200000
, e D 150000
1styear w/wheat1/2 |fa|low | é 60000 ! 2 100000
2nd year | fallow |s/veg s/veg s/veg s/veg s/veg s/veg s/veg 2 40000 \ =
3rd year s/veg s/veg |fal|ow w/rape 20000 50000
4th year w/rape w/barley o l I 0
Sthyear w/barley BL  AD BL AD
6th year w/wheat or fallow (50/50)_ _ |
7thyear \w/wheator fallow(so/se) | w/wheat 1/2
8th (1st) w/wheat2 [fallow |
AP EP
140 250
AD ENERGY ROTATION (AFTER, OPTIMISED) —
1st quarter 2nd quarter 3rd quarter 4th quarter Food crop displaced (ha)
jan feb mar april may june july aug sept oct nov dec
3.5
Istyear wj/wheat1 [fallow | 3
2nd year | fallow s/veg s/veg s/veg s/veg s/veg s/veg s/veg s
3rd year s/veg s/veg fallow ’
4th year w/rape 2
Sthyear w/rape w/barley
6th year w/barley 15
7th year
8th year(1st) w/wheat 1 1
0.5

Worst case Optimized scenario

e How farmers manage their land is crucial to the relative impact of cultivating energy crops.

e Ongoing work in collaboration with Bath, Future Biogas and Bangor is assessing how crop
rotations play a role in optimising land use to minimise environmental impacts.



Torrefaction: case studies

Case studies:

1) Comparative LCA of Torrefied Pellets with Conventional Wood
Pellets

2) Torrefaction of North American Pine and life cycle GHG
emissions

Future work:

Comparison of torrefied briquettes with alternative biomass
feedstocks for domestic use




Torrefaction integrated assessment
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Assessment of
Pelletisation

Pelletisation

Assessment of feedstocks

for Pellets & Torrefaction

Y

il

“Whole system” approach to
evaluating Torrefaction

Data on torrefied material
through evaluation of
torrefaction process

—

Torrefaction
& Pellet

L

Develop full energy-mass balances

Comparison of options of pre-treatment
by pelletisation only or torrefaction &

pellet

for incorporating torrefaction into
bioenergy systems

Assess net energy, GHG
emissions and other
environmental impacts using
LCA and other tools

* Evaluation of Torrefaction & Pelletisation in a whole system context

* Life cycle assessment of pre-treatment options
* Techno-economic analysis
* Policy mechanisms and assess rationale for support

Adams, PW.R., Shirley, J.E.J. & McManus, M.C., 2015




Physical properties

Parameter Wood Chips Wood Pellets Torrefied Torrefied Coal
(WP) Wood Pellets (TP)

Moisture content 30-50 7-10 3 1-5 10-15

(MC) (wt.%)

Lower Calorific 9-12 15-16 19-23 20-24 23-28

Value (CV)

(MJ/kg)

Bulk Density 250-300 550-700 180-300 750-850 800-850

(kg/m?3)

Grindability 237 237 23-78 23-78 12

(kWh/t)

Hygroscopic Hydrophilic Hydrophilic Hydrophobic  Hydrophobic Hydrophobic

nature

Biological Yes Yes No No No

Degradation

Milling Special Special Classic Classic Classic
Requirements

Adams, PW.R., Shirley, J.E.J. & McManus, M.C., 2015



System boundary
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-CO-=828x 107 )

- Methane (CH4) = 582 2 107

||- Nitrous Chade (M=0) = 5.38 x 107

(|- Particulate Matter (PMyq) = 1.88 x 107°

- Garbon Monoxide (CO) = 8.58 % 107°

- Ammonia {(NHa) = 7.82 x 107

- Mitrogen Owides (NOx) = 6.84 x 107

- Sulfur Omides (S0x) = 1.47 x 107

- Hon-Methane Volatile Organic Carbons = 1.34 x 10
- Lead (Pb) = 244 x 10°

- Mercury (Hg) = 1.27 x 107

Literature data:

5 —45 KWh't — dependent
on biomass feedstock

{B. Batidzirai et al 2013}

Literature data:

10 - 350 kWhit — dependent on biomass
Literziure data: feedanck.ar.nd reactor cqnd'nims

D.60 kWhit — for airand quench  |(B. Batidziral et al. 2013)

cooling of tormefied com stower

(V. Morey et al. 2013)

Adams, PW.R., Shirley, J.E.J. & McManus, M.C., 2015




Torretied Pellets — GHG results

B Production plant infrastructure
40 || B Biomass storage unit
35 | Delivery to power plant from Norway
g [ ' Pelleting processed biomass
?l:i 30 o — % B Grinding processed biomass
S 25 % _ mCooling processed biomass
=]
E 20 Z % # Combustor process heat
% o 7 % / # Reactor electricity - torgas
u_“E: 15 +— % % % Z— m Reactor electricity - torrefied biomass
% 0 L Z é é %_ Screened wood chips
T % % % é % é = Wood Chips - forest residues
D - é é é 4 é* s Wood chips - pine logs
0 ﬁ E § o § B m Felled tree - forest residues
L ‘ WP ™ | WP P | WP Felled tree - pine logs
3.0 MJ/kg 6.0 MJ/kg 9.0 MJ/kg

m Growth - Short Rotation Forestry
Biomass dryingrequirement (MJ/kg of water removed)

Climate change impacts (gCO.,e per MJ) delivered of TP/WP
bioenergy chains for varying biomass drying requirements adams, PW.R., Shirley, J.E.J. & McManus, M.C., 2015



North American Pine Torrefaction

Experimental work on the torrefaction of North American Pine at four different torrefaction conditions: 250~C
(30 mins), 270°C (30 mins), 270”C (60 mins), 290~C (30 mins)

Modelled torrefaction supply chain against conventional wood pellets imported from North America

Used LCA to model GHG emissions and calculate in accordance with RED methodology

Storage + Milling +

Biomass Pre-processing Torrefaction Grinding Handling Co-firing

Transport Drying Cooling Densification Transport
(pellets)

McNamee, P., Adams, PW., McManus, M.C., Dooley, B., Darvell,
L. 1., Williams, A. & Jones, J. M., 2016



Greenhouse Gas Emissions
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Greenhouse gas (GHG) emissions per MJ of electricity delivered for 4 different torrefied
pellets (TP) and conventional wood pellets (WP) using wood chips (WC) or natural gas (NG)
as utility fuel. *For wood pellets = drying only

McNamee, P., Adams, PW., McManus, M.C., Dooley, B., Darvell,
L. 1., Williams, A. & Jones, J. M., 2016



Conclusions

e Can have GHG benefits; but optimal solutions need to be found in
every situation

* A global view is required

* Consequential life cycle thinking benefits engineering, scientists,
policy makers and industrialists

* Thanks to: SERT team, especially Paul Adams.
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