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ABSTRACT

The  project  is  to  investigate  the  best  plant  as  fuelstock  that  can  be  grown  in  UBC  Farm,  which

is  a  24  hectare  farm  on  the  southern  end  of  the  University  of  British  Columbia  (UBC).  The  Triple

Bottom  Line  method  is  implemented  during  the  entire  investigation.

Since  several  fuelstock  options  can  be  grown  in  UBC  farm,  the  best  candidate  should  chosen

based  on  economical,  ecological  and  social  indicators.  The  result  is  derived  by  estimation  since  all  data

are  collected  from  other  papers  and  online  resources.  The  economic  indicators  include  input  costs  and

profit  generated  by  trading  Miscanthus  with  the  Bioenergy  Research  Demonstration  Facility  (BRDF).

The  ecological  indicators  applied  are  reusability  of  existing  space  and  materials,  improvement  in

environmental  condition,  protection  from  environmental  degradation  and  increase  in  sustainable  practice.

Also,  the  social  indicators  consist  of  potential  job  increases,  improvement  of  relations  across  sectors

and  providing  educational  opportunities.  The  result  shows  that  Miscanthus  is  the  best  option  and  is

highly  recommended.

Although  the  UBC  farm  may  not  provide  the  enough  land  to  grow  Miscanthus  and  supply  the

entire  operation  of  BRDF,  the  pattern  and  model  can  be  transferred  to  other  parts  of  British  Columbia

(BC)  and  be  implemented.  In  short  terms,  there  is  money  input  to  the  project,  however,  from  long  run

perspectives,  society  and  ecology  environment  will  benefit  of  low  greenhouse  gas(GHG)  emissions.
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GLOSSARY

C4  Plant  -  a  plant  in  which  the  CO2  is  first  fixed  into  a  compound  containing  four  carbon  atoms  before

entering  the  Calvin  cycle  of  photosynthesis”  (“C4  Plant,”,  n.d.)
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LIST  OF  ABBREVIATIONS

UBC  -  University  of  British  Columbia

BRDF  -  Bioenergy  Research  Demonstration  Facility

GHG  -  Greenhouse  Gas

CO2  -  Carbon  Dioxide
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1.0 INTRODUCTION

The  UBC  Farm  is  a  24  hectare  farm  and  forest  system,  which  is  located  in  the  south  of  the

University  of  British  Columbia  (UBC)  campus  (“About”,  n.d.).  To  commit  UBC  as  a  global  leader  in

sustainability,  UBC  Farm  plays  a  key  role  of  enhancing  UBC  becoming  a  carbon  neutral  community

through  food  production  and  agricultural  management  (“Centre  for  Sustainable  Food  Systems”,  n.d.).

Therefore,  UBC  Farm  is  currently  interested  in  the  GHG  mitigation  potential  of  biofuels  and  considering

the  possibility  of  growing  woody  biomass  as  fuelstock  within  farm  margin  area,  which  is  not  being  used

for  food  production  (Richer  et  al.,  n.d.).

The  Bioenergy  Research  and  Demonstration  Facility  (BRDF)  is  a  power  and  heat  system  on

UBC  campus  that  replies  on  biomass  fuels  instead  of  fossil  fuels  such  as  natural  gas  or  coal.  This  helps

to  reduce  the  GHG  emissions  while  providing  power  and  heat  to  the  UBC  campus  in  Vancouver

(“Bioenergy  Research  and  Demonstration  Facility”,  n.d.).  Therefore,  with  BRDF,  fuelstock  produced

from  the  UBC  Farm  could  be  potentially  converted  into  clean  energy.  One  of  the  primary  focuses  of  this

project  are  the  economical,  ecological  and  social  implications  of  fuelstock  production.
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2.0 INVESTIGATION

2.1 LAND  EXPLORATION

Within  existing  hedgerows  and  along  UBC  Farm  margins,  there  is  a  roughly  one-hectare  land

area  not  being  used  for  food  production.  The  hedgerows,  established  to  reduce  GHG  emissions,

enhances  biodiversity  and  habitat  for  wildlife  in  this  area  (Keery  et  al.,  2009).  Moreover,  with  improved

soil  quality  and  well  maintenance,  the  land  is  in  a  good  condition  (“Farm  Features”;;  “Hedgerows,”

2013).

2.2 BRDF  SPECIFICATION

BRDF  stands  for  Bioenergy  Research  &  Demonstration  Facility.  It  is  the  first  world

community-scale  power  and  heat  system  supplied  by  biofuel  (UBC,  2013).  The  system  is  located  in

UBC  and  aimed  to  provide  clean  energy  using  biofuel.  The  fuel  stock  investigated  in  this  project  will  be

used  in  BRDF.  The  detailed  specification  can  be  found  below.

Figure  1:  BRDF  Specification  (“Bioenergy  Research  and  Demonstration  Facility”,  n.d.)
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2.3 FUELSTOCK  OPTIONS

To  determine  what  type  of  fuelstock  would  be  best  suited  for  production,  Miscanthus,  Willow

and  Corn  are  listed  below  with  analyses.

2.3.1 Miscanthus

Miscanthus,  which  is  also  known  as  Elephant  Grass,  is  a  high  yielding  energy  crop  that  grows

over  three  meters  tall  and  produces  10  to  15  tons  of  dry  matter  per  acre  (Pennington,  2012).  It  grows

fast  even  on  marginal  land  that  contains  sand  or  clay.  It  requires  minimal  labor  and  very  few  inputs.

2.3.2 Willow

Similar  to  Miscanthus,  Willow  is  a  high  energy  crop  and  requires  few  inputs.  It  is  mainly  grown

in  cold  and  wet  areas,  such  as  Britain.  The  best  production  for  Willow  is  5  tons  of  dry  matter  per  acre.

("The  willow  biomass",  n.d.  )

2.3.3 Corn

As  a  first-generation  biofuel,  Corn  is  widely  used  as  a  biomass  to  produce  ethanol  in  the  United

States,  and  corn-based  ethanol  fuels  are  mainly  utilized  in  gasoline.  However,  corn  ethanol  contributes

to  rise  in  food  prices  due  to  the  debate  about  whether  Corn  should  be  mainly  grown  as  biofuel  for  cars

or  as  food  for  people  (Grooms,  2008,  p.  40).    The  high  cost  of  making  corn-based  ethanol  is

influencing  a  high  cost,  and  the  large  quantity  of  fossil  energy  required  to  produce  ethanol  from  Corn

makes  the  process  unsustainable  (Patzek,  2004,  p.  519).
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After  doing  the  primary  investigation,  we  decided  to  do  a  further  research  on  Miscanthus,  since

it  requires  low  input  and  produce  high  yield,  using  the  Triple  bottom  line  method  as  seen  in  the  following.
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3.0 ECONOMIC  ASPECT

Miscanthus  is  a  high  yield  non-invasive  plant  that  grows  wherever  it  is  being  planted,  even  on

marginal  land  with  poor  soil  properties.  It  is  a  perennial  crop  that  does  not  need  to  be  reseeded  each

spring  and  with  an  expected  life  of  20  years.  Miscanthus  is  a  warm  season  crop  but  it  can  also  be

grown  at  relatively  low  temperatures  but  with  a  smaller  yield.  The  yield  goes  down  as  temperature

decreases.  According  to  a  research  done  by  the  Iowa  State  University  in  2010,  Miscanthus  production

is  eight  tons  of  dry  matter  in  average  in  Europe,  where  it  is  13  tons  of  dry  matter  in  average  in  the  United

States,  an  increase  of  40%  over  Europe  ("Giant  miscanthus  for  biomass  production,"  2010).

Miscanthus  is  one  of  the  potential  fuelstocks  that  can  be  planted  at  the  UBC  Farm.  Since  it

does  not  have  to  be  grown  on  farm  land,  it  can  be  planted  on  the  farm  marginal  area.  In  order  to  have  a

better  approximation  on  the  land  area  that  can  be  used  to  plant  Miscanthus,  our  group  visited  the  UBC

Farm  on  October  15  and  we  estimate  that  there  is  1  hectare,  which  is  equivalent  to  2.47  acre,  of  farm

margin  available  for  producing  Miscanthus.    Since  Miscanthus  is  a  perennial  crop,  it  has  a  very

extensive  and  strong  root  system  that  is  very  efficient  when  taking  up  nutrients.    As  it  grows,  it  uses  only

a  very  small  amount  of  nutrients  and  it  stores  any  excess  nutrients  in  its  rhizome.  Thus,  it  does  not  need

much  care  once  it  has  been  established.  Miscanthus  requires  minimal  labor  and  very  few  inputs.  It  can

be  grown  with  very  little  application  of  fertilizers  and  thus  reduce  the  labor  cost  (Pennington,  2012).  In

addition,  since  it  grows  back  yearly  and  does  not  need  to  be  replanted,  its  labor  input  costs  are  further

minimized.  Therefore,  the  UBC  Farm  does  not  have  to  hire  extra  worker  to  take  care  of  the

crop(Heaton,  2012).
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Table  1:  Annual  cost  and  profit  of  two  cropping  systems  over  10  years  (Heaton,  2012)

Table  1  above  shows  the  estimated  production  cost  for  Miscantus  and  two  other  crops.  In

average,  the  initial  cost,  including  planting  material  cost  and  basic  planting  expenses,    is  $  1,000  per  acre

and  may  vary  depending  on  the  source.  Considering  over  the  lifespan  of  20  years,  the  initial  cost  are  a

lot  less  than  other  annual  crops.  According  to  Table  1,  it  shows  that  the  variable  costs  for  Miscanthus

are  less  than  that  for  Corn  and  Soybean.  Moreover,  it  has  a  higher  net  profit  compared  to  the  annual

crops  as  well.  Except  for  the  first  two  years,  Miscanthus  earns  $299  per  acre  in  average  and  may  earn

up  to  $1174  per  acre  after  10  years  of  planting  (Kristensen,  n.d.).

Miscanthus  is  a  tall  high  yielding  fuelstock  that  grows  over  3  meters  tall.  Its  yield  depends  on
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temperature  and  amount  of  sunshine  and  rainfall.  In  general,  it  produces  10  tons  of  dry  matter  per  acre

and  reaches  its  maximum  potential  production  rate  after  three  to  four  years  (Heaton,  2012).  As  we

estimated,  the  UBC  Farm  has  around  2.5  acre  of  marginal  land  area  available  for  producing

Miscanthus.  Based  on  the  assumption  we  made,  the  UBC  Farm  can  produce  2.5  acre  ×  10  tons  of  dry

matter  per  acre  which  is  equivalent  to  25  tons  of  dry  matter  every  year.  After  harvesting,  the  UBC  Farm

transports  the  dry  matter  to  the  BRDF  on  campus  where  Miscanthus  is  being  converted  into  energy

there.  Currently,  BRDF  is  paying  $62  per  ton  of  fuelstock,  including  Miscanthus.  In  other  words,  the

UBC‘s  gross  revenue,  excluding  input  cost  and  variable  cost,  from  the  BRDF  will  be  $1550  per  year.

Since  Miscanthus  does  not  need  to  be  replanted  every  year  and  requires  very  few  fertilizers,  its  variable

costs  are  relatively  low  compare  to  other  annual  crops  due  to  its  low  maintenance  fee.  Therefore,  it  is

not  necessary  for  the  UBC  Farm  to  hire  extra  workers,  where  the  existing  labors  are  good  enough  to

take  care  of  it.  However,  during  the  harvesting,  the  UBC  Farm  may  have  to  hire  two  to  three  part-time

labors.  Miscanthus  can  be  harvested  using  a  variety  of  silage  equipment  or  conventional  hay  that  the

UBC  Farm  already  has  as  well.  Since  the  labors  do  not  have  to  be  professional  in  this  area,  it  will  cost

the  UBC  Farm  $2400  to  hire  three  labors  with  $20  per  hour  for  one  week.    After  it  is  being  harvested,

it  can  be  transported  to  the  BRDF  simply  using  a  trailer  and  tractor  that  the  farm  already  has  and  thus

will  cost  only  a  few  dollars  in  fuel.    As  a  result,  the  cost  per  year  is  estimated  to  be  around  $2500,

where  the  income  from  BRDF  is  only  $1550  per  year.

Considering  the  $2470  initial  cost  for  2.47  acre  land  area  and  the  labor  cost  of  $2400  per  year,  the

UBC  Farm  can  get  the  cost  balance  after  planting  Miscanthus  for  30  years,  while  its  expected  lifespan

is  only  around  20  years.  Although  Miscanthus  is  a  high  yielding  and  low  input  perennial,  it  is  not
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profitable  due  to  the  limited  land  area  at  the  UBC  Farm  and  thus  has  insufficient  production.  Although

planting  Miscanthus  is  not  profitable  overall  and  does  not  have  significant  economic  impact  to  UBC,  it

has  environmental  and  social  benefits  that  we  will  discuss  in  the  following.

11



4.0 ECOLOGICAL  ASPECT

4.1 REUSABILITY  OF  EXISTING  SPACE  AND  MATERIALS

The  existing  hedgerows  and  farm  margins  are  characterized  as  an  agricultural  land  of  the  UBC

Farm.  By  referring  to  Ecological  Evaluation  of  Land  for  Planning  Purposes  (1971),  the  relative  value  of

an  agricultural  zone  can  be  determined  through  features  shown  on  Figure  1.  Based  on  the  criteria,  the

site  is  evaluated  and  considered  as  Category  III  (See  Table  1).  This  indicates  the  land  has  the  average

rarity  and  species-diversity  of  habitats  (Tubbs  &  Blackwood,  1971,  p.  169-170).

Figure  2:  Definable  features  and  a  subjective  scoring  system  for  evaluation  of  agricultural  zone
(Tubbs  &  Blackwood,  1971,  p.  170)

Features Scores

Permanent  grassland 3  =  Abundant
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Hedgerows  and  hedgerow  timber 3  =  Abundant

Boundary  banks,  roadside  cuttings  and  banks,
roadside  verges

0  =  None  or  virtually  none  present  in  zone

Park  timber  and  orchards  other  than  those  in
commercial  production

2  =  Numerous  (conspicuous  feature  of  zone);;

Ponds,  ditches,  streams,  and  other  watercourses 1  =  Present  (not  conspicuous  feature  of  zone)

Fragments  of  other  unsown  vegetation  (including
woodland)  smaller  than  the  one-half  kilometre

square  size  criterion

3  =  Abundant

Total  Score 12  (Category  III:  11-14)

Table  2:  Evaluation  of  the  existing  hedgerows  and  farm  margins

Therefore,  the  site  has  the  potential  to  provide  suitable  habitat  for  migratory  or  resident  species

such  as  Miscanthus.  Moreover,  the  site  has  some  already  existing  improvements.  There  had  been

continued  stone  removal,  and  changes  to  the  organic  matter  which  improved  the  soil  quality.  In  addition

to  these  points,  cultivation  in  this  location  will  be  able  to  produce  a  wide  variety  of  crops  throughout  the

year  due  to  its  mild  maritime  climate.  These  factors  indicate  that  the  land  has  been  well  maintained

(“Farm  Features”;;  “Hedgerows,”  2013).

4.2 IMPROVEMENTS  IN  ENVIRONMENTAL  CONDITION

Miscanthus  is  a  warm-season  grass,  but  it  is  also  cold-tolerant  so  that  it  can  still  maintain  a  high

carbon  dioxide  assimilation  at  temperatures  below  15  degree  Celsius  (Heaton,  2011).  Therefore,

Miscanthus  would  be  suitable  for  establishment  and  distribution  within  existing  hedgerows  and  along

farm  margins  due  to  its  remarkable  adaptability  and  tolerance  to  different  environments.  Also,  as  a

perennial  plant,  Miscanthus  offers  better  environmental  profits  compared  to  annual  plants.  The
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environmental  impact  of  Miscanthus  can  be  determined  due  to  its  fertilizer  and  pesticide  demands,

water  and  nutrient  use  efficiency,  soil  carbon  storage,  GHG  mitigation,  and  biodiversity  (Uffe,  2011,  p.

24-25).

4.2.1 Low  Input  Requirements

As  a  perennial  crop,  Miscanthus  usually  has  high  productivity  associated  with  low  input

requirements  such  as  fertilizer  and  pesticide.  Miscanthus  only  requires  herbicides  for  the  establishment

years.  Fertilizers  may  enhance  weed  growth  to  compete  with  young  Miscanthus  if  there  are  sufficient

nutrients  present  in  the  soil.  Once  plants  mature,  chemical  fertilizer  and  pesticide  use  is  not

recommended  (Caslin,  Finnan,  &  Easson,  2011,  p.  35).  Furthermore,  low  fertilizer  and  pesticide

demands  of  Miscanthus  reduce  nitrate  pollution  because  it  reveals  low  level  of  nitrate  leaching,  which  is

comparable  to  other  forms  of  unfertilized  grass  such  as  forests  and  natural  areas.  Table  2  shows  the  loss

of  nitrate  significantly  becoming  lower  after  planting  Miscanthus  in  1994  (Jones  &  Waish,  2000,  p.

175;;  Uffe,  2011,  p.  26).

Table  3:  Nitrate  loss  on  unfertilized  and  fertilized  Miscanthus  plots  (Jones  &  Waish,  2000,  p.  175)

4.2.2 High  Water  and  Nutrient  Use  Efficiency
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As  a  C4  plant ,  Miscanthus  is  a  very  efficient  user  of  water,  and  it  also  has  low  nutrient1

requirements  compared  to  other  bioenergy  crops.  Miscanthus  develops  deep  and  extensive  rhizomes

and  roots  to  take  up  nutrients  very  efficiently  and  utilizes  the  nutrients  to  grow  other  plant  parts.  By

referring  to  Table  3,  it  shows  that  nutrient  uptakes  through  rhizome  account  for  a  large  proportion  of

Miscanthus  nutrient  requirements.  This  also  explains  the  low  fertilizer  requirement  of  Miscanthus.  With

high  nutrient  use  efficiency,  Miscanthus  has  the  potential  to  turn  small  amount  of  nutrients  into  large

amount  of  biomass  (Caslin  et  al.,  2011,  p.  17;;  Pennington,  2012).

Table  4:  Rhizome  Development  and  Nutrient  Content  over  the  First  3  Seasons  of  Growth  (Caslin
et  al.,  2011,  p.  17)

4.3 PROTECTION  FROM  ENVIRONMENTAL  DEGRADATION

4.3.1 Soil  Carbon  Sequestration

Miscanthus  also  offers  a  good  solution  to  the  harmful  effects  of  bioenergy  productions.  The

carbon  emissions  resulted  from  soil  disturbance  and  vegetation  loss  can  be  mitigated  by  Miscanthus

growth.  By  sequestering  carbon  into  soil,  Miscanthus  can  transfer  carbon  dioxide  from  and  prevent  its

release  into  the  atmosphere  (Zimmermann,  Dauber,  &  Jones,  2012,  p.  453).  In  addition,  Miscanthus

also  stores  carbon  in  its  rhizomes  and  roots.  According  to  Miscanthus  Best  Practice  Guidelines  (Caslin

et  al.,  2011,  p.  17),  “Miscanthus  can  store  8.8  tonnes  of  carbon  per  hectare  in  its  roots  and  rhizomes

1  C4  plant  is  “a  plant  in  which  the  CO2  is  first  fixed  into  a  compound  containing  four  carbon  atoms  before  entering  the
Calvin  cycle  of  photosynthesis”  (“C4  Plant,”,  n.d.).
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12  years  into  its  life.”  Soil  carbon  sequestration  helps  not  only  mitigates  carbon  emissions  from  fossil  fuel

combustion  but  also  promote  soil  quality  and  long-term  agronomic  productivity  (Sundermeier,  Reeder,

&  Lal,  n.d.).

4.3.2 GHG  Mitigation

Growing  Miscanthus  as  a  renewable  source  of  clean  energy  allows  the  conservation  of  fossil

fuel  such  as  oil  and  coal  (Jones  &  Waish,  2000,  p.  172).  Miscanthus  is  capable  of  growing  over  12

feet  tall  and  producing  a  range  of  10  to  15  tons  of  dry  matter  per  acre.  With  recent  advancements  can

now  produce  25  tons  (“Freedom  Giant  Miscanthus  Fact  Sheet”,  2010;;  Heaton,  2011).  One  tonne  of

Miscanthus  is  roughly  equivalent  to  0.6  tonnes  of  coal  while  30  tonnes  of  coal  contains  the  same  energy

content  as  12,000  litres  of  oil  (Jones  &  Waish,  2000,  p.  172).  Also,  1.8  MW  of  electricity  could  be

produced  through  1  tonne  of  Miscanthus  (“Miscanthus  Overview”,  n.d.),  which  means  growing

Miscanthus  as  a  fuel  is  very  energy  efficient.  Although  the  dry  matter  yield  of  Miscanthus  is  typically

insufficient  to  produce  energy  in  the  establishment  year,  the  yield  will  keep  increased  every  year,  and  the

maximum  may  be  reached  in  the  third  or  fourth  year  (See  Figure  2)  (Heaton,  2011).
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Figure  3:  Year-to-year  yield  and  fuel  consumption  for  Miscanthus  production  excluding  fertilizer
production  and  transportation  (Wang,  Dunn,  &  Wan,  2012)

Table  4  summarizes  the  net  avoided  fossil  energy  when  Miscanthus  replaces  it  as  an  energy

source.  The  amount  of  net  avoided  fossil  energy  can  be  affected  due  to  variations  in  cultivation  method,

biomass  yield,  electricity  generating  technology  and  so  on.  However,  the  amount  of  net  avoided  fossil

fuel  still  reveals  the  high  net  energy  balance  of  Miscanthus  compared  to  other  bioenergy  crops  (Jones

&  Waish,  2000,  p.  172-173).  By  referring  the  data  in  Table  4,  when  using  Miscanthus  to  produce

renewable  energy  in  the  UBC  farm,  it  is  predicted  to  avoid  148  GJ  ( =  148)  fossil6
153+134+99+240+102+160

energy  per  year.

Table  5:  Net  avoided  fossil  fuel  energy  (GJ  ha-1)  when  Miscanthus  is  used  for  energy  production
(Jones  &  Waish,  2000,  p.  172).

Using  Miscanthus  as  a  source  energy  avoids  emissions  resulting  from  the  combustion  of  fossil

fuels,  which  is  the  main  cause  of  GHG  effect.  Furthermore,  Miscanthus  is  a  carbon  dioxide  neutral  fuel;;

therefore,  carbon  dioxide  released  from  the  combustion  of  Miscanthus  is  as  much  as  it  takes  up.  In

other  words,  no  net  increase  of  carbon  dioxide  released  into  the  atmosphere  while  Miscanthus  is  used

as  an  energy  source  because  the  plant  has  absorbed  carbon  dioxide  released  during  photosynthesis.

According  to  Miscanthus  for  Energy  and  Fibre  (2000),  “the  quantity  of  avoided  GHG  emissions  arising
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when  fossil  fuels  are  replaced  by  biomass  for  energy  production  is  equivalent  to  the  sum  of  the  GHG

emissions  which  would  be  produced  if  the  substituted  fossil  fuel  were  used  for  energy  production.”

Therefore,  the  reduced  amount  of  GHG  emission  when  using  Miscanthus  as  a  fuel  can  be  the  sum  of

avoided  CO2,  and  Table  5  can  be  referred  to  see  the  reduction  of  CO2  emissions  resulted  from

Miscanthus  combustion  (Caslin  et  al.,  2011,  p.  35-36;;  Jones  &  Waish,  2000,  p.  173-174).  By

referring  the  data  in  Table  5,  when  using  Miscanthus  as  a  biofuel  in  the  UBC  Farm,  it  is  predicted  to

reduce  11.5  tonne  CO2  per  year  ( =  11.5),  which  is  only  around  0.019%  of6
10.7+10.3+7.8+17.2+8.8+11.5

total  GHG  emissions  for  UBC’s  Vancouver  campus  buildings  in  2012  ( )  (“GHG.019%11.5
60,715 = 0

Inventory”,  n.d.).

Table  6:  Net  avoided  GHG  emissions  (t  ha-1)  when  Miscanthus  is  used  as  a  fuel  for  energy
production  (Jones  &  Waish,  2000,  p.  173).

4.4 INCREASE  IN  SUSTAINABLE  PRACTICES

As  a  biofuel,  Miscanthus  can  be  considered  as  a  technology  to  reduce  GHG  emissions.  The

adoption  is  due  to  the  closed  biofuel  life  cycle  shown  in  Figure  3.  Growing  plants  recycles  the  carbon

dioxide  from  the  combustion  of  biofuel  to  prevent  its  release  into  the  atmosphere,  and  later  the  plants

are  converted  into  biofuel  (“The  Clean  Burning  Alternative  Fuel”,  n.d.).  In  other  words,  growing

Miscanthus  as  a  fuel  would  not  have  a  net  increase  in  carbon  dioxide  in  the  atmosphere.  This  points  out
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that  producing  Miscanthus  to  create  energy  could  be  a  good  chance  to  start  the  sustainability.

Figure  3:  Biodiesel  life  cycle  helps  mitigate  global  warming  (“The  Clean  Burning  Alternative
Fuel”,  n.d.)
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5.0 SOCIAL  ASPECT

Social  impact  analysis  is  one  of  the  most  important  ideas  used  in  Triple  Bottom  Lines  method.

There  are  four  indicators  used  in  this  project  to  assess  the  social  impact  of  the  initiative:

● Increase  in  job  opportunities

● Improve  relationship  across  sectors  and  industries

● Enhance  local  ownership

● Provide  educational  opportunities

The  four  indicators  show  that  the  candidate  plant  Miscanthus  has  very  positive  impacts  on  the

society  and  again  Miscanthus  should  be  used  as  primary  biofuel  grown  in  the  UBC  Farm.

Although  Miscanthus  requires  minimal  labor  during  planting  comparing  to  other  candidate

plants,  it  probably  requires  some  extra  labor  than  the  farm  currently  has.  The  main  labor  inputs  are  in

planting,  harvesting  and  storage  stages.  According  to  a  study  in  the  UK  (“Policy  for  Energy  Crops

Scheme”,  2013),  planting  Miscanthus  in  the  estimated  area  on  the  UBC  Farm  requires  human  labor  to

first  spray  appropriate  herbicide  on  the  farm,  prepare  Miscanthus  seeds  and  propagate  the  plants.

Those  processes  are  one-time  investment  ideally,  and  requires  about  two  to  three  people  to  finish  in  two

to  three  weeks.  During  the  harvest  seasons,  more  labor  are  needed  to  harvest  and  bale  the  Miscanthus.

Since  Vancouver,  BC  does  not  have  extreme  winter  like  Denmark  (Erik,  2013),  the  exact  chopping  and

pelleting  on  the  farm  may  not  be  necessary.  Therefore  labor  are  saved  and  roughly  two  to  three  people

may  be  able  to  handle  it  during  the  busy  harvest  seasons  using  appropriate  machines.

Comparing  to  other  biofuel  candidates  such  as  Willow  and  Corn,  Miscanthus  requires  few
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inputs  and  care  during  the  growth.  Also  after  harvest,  there  are  only  a  few  work  to  process  and  handle

the  Miscanthus  to  be  ready  to  use  in  BRDF,  whereas  Corn  and  Willow  need  much  more  work  to  dry

and  chop  to  be  used  in  BRDF,  and  the  parts  like  Corn  meat  need  to  be  specifically  taken  care  of  to  be

use  as  other  purposes.  There  is  no  labor  wasted  to  handle  other  parts  of  the  plants:  all  the  harvested

Miscanthus  can  be  used  to  burn  in  BRDF  and  be  part  of  energy  conversion  process.  All  in  all,  two  to

three  job  opportunities  can  be  created  during  the  busy  seasons  and  very  few  labor  are  needed  during

the  growth  as  Miscanthus  requires  few  inputs.

Harvested  Miscanthus  bales  should  be  stored  like  dried  draws  before  they  are  used  in  BRDF

(“UBC”,  2013).  This  may  potentially  require  the  UBC  Farm  to  deal  with  other  departments  or  business

owners  to  provide  appropriate  storage  space.  Since  Vancouver,  BC  are  wet  and  rainy  during  the

winter,  an  indoor  dried  environment  is  recommended.  UBC  does  have  several  dried  storage

warehouses  provided  on  campus,  and  it  is  a  good  opportunity  to  contact  those  departments  and  seek

any  cooperations  and  this  will  enhance  the  relationship  across  departments.

The  BRDF  now  purchases  biofuels  from  WA,  USA  and  BC  Canada.  Since  Miscanthus  is  very

suitable  to  grow  on  the  UBC  Farm  as  reasoned  above,    growing  Miscanthus  on  the  UBC  Farm  and

supply  BRDF  can  make  BC  own  the  entire  chain  and  avoid  dependencies  of  other  states.  As  land

exploration  made  above,  the  UBC  Farm  is  able  to  provide  the  enough  arable  land  to  grow  Miscanthus

to  meet  the  need  of  BRDF.  On  the  other  hand,  the  weather  in  Vancouver,  BC  may  make  Miscanthus

much  easier  to  grow  and  more  likely  contribute  to  more  harvest(Erik,  2013).  All  the  evidences  and

investigations  lead  to  a  conclusion  that  UBC  is  compatible  to  start  the  entire  idea  and  is  able  to
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implement  the  whole  chain  independent  of  other  states  or  countries.  This  improves  local  ownership

which  is  one  of  the  most  important  social  indicators  used  in  this  project.

Nowadays,  reducing  GHG  emissions  has  become  a  more  and  more  important  task.  Many

major  countries  like  USA  and  EU  encourage  domestic  reduction  of  GHG  emissions(Mark  &  John,

2013).  As  posted  months  ago,  President  Obama  declaring  that  ‘Americans  across  the  country  are

already  paying  the  price  of  inaction’  and  American  citizens  now  should  take  actions  to  cut  GHG.  The

project  is  a  very  promising  and  convincing  example  for  USA,  the  neighbour  to  learn:  UBC  is  a  living  lab

and  shows  a  successfully  story  to  Americans  or  even  the  world  that  reducing  GHG  is  not  only  just

words  but  also  can  be  instantiated  by  actual  starting  on  similar  projects.  The  American  can  borrow  the

idea  and  copy  what  UBC  has  been  done  to  reduce  GHG.  Since  USA  has  much  more  arable  land  to

grow  biofuels,  they  can  build  same  pattern  on  their  own  land  and  contribute  to  the  world  environment  by

reducing  GHG  emissions.

There  are  even  more  transferable  opportunities  for  the  project  to  be  modeled  in  Europe  as  most

European  countries  have  similar  latitude.  The  weather,  political  and  economic  systems  and  markets  are

even  more  similar  to  Canada.  So  this  idea  of  using  biofuel  to  reduce  GHG  are  more  likely  to  be

educational  in  EU  as  well.

In  summary,  Miscanthus  is  more  likely  to  be  social  friendly  candidate  as  investigation  above.

There  are  four  social  indicators  used  to  evaluate  Miscanthus  as  well  as  other  candidate  plants.  All  of

the  social  indicators  show  that  Miscanthus  can  create  some  job  opportunities,  improve  relationship
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across  sectors  and  departments,  enhance  BC  local  ownership  and  provide  a  very  sound  educational

opportunities  to  other  provinces,  USA  and  other  countries.
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6.0 CONCLUSION  AND  RECOMMENDATIONS

As  a  high  yielding  and  low  input  perennial,  Miscanthus  would  not  have  a  any  significant

economic  impact  to  the  UBC  Farm  if  growing  it  as  fuelstock  to  create  energy.  On  the  other  hand,  in  the

ecological  aspect,  although  Miscanthus  could  enhance  the  environmental  condition  and  reusability  of

existing  spaces  and  material  in  the  UBC  Farm,  the  quantity  of  GHG  mitigation  would  be  insignificant

when  fossil  fuels  are  replaced  by  Miscanthus  for  energy  production.  In  addition,  considering  social

benefits,  such  as  leading  educational  opportunities  to  other  provinces  and  countries  and  a  few  job

opportunities,  planting  Miscanthus  at  the  UBC  Farm  would  not  be  worthwhile  in  overall.  Therefore,  to

conclude,  the  marginal  land  of  the  UBC  Farm  might  be  not  capable  of  producing  enough  amount  of

Miscanthus,  as  a  biofuel  for  energy  production,  to  BRDF  per  year.  However,  the  idea  could  still  be

highly  transferable  to  other  farms  with  bigger  land  scale  and  the  benefits  would  be  more  significant.

Moreover,  in  a  long  run,  the  economic,  environmental  and  social  benefits  could  be  resulted  from

implementing  such  a  low  GHG  emission  project.

24



REFERENCES

About.  (n.d.).  Retrieved  from  http://ubcfarm.ubc.ca/about/

Bioenergy  Research  and  Demonstration  Facility.  (n.d.).  Retrieved  from

http://sustain.ubc.ca/research/signature-research-projects/bioenergy-research-and-demonstratio

n-facility

Burden,  D.  (n.d.).  miscanthus  profile.  Retrieved  from

http://www.agmrc.org/commodities__products/biomass/miscanthus-profile/

C4  Plant.  (n.d.).  In  Biology  Online.  Retrieved  from  http://www.biology-online.org/dictionary/C4_plant

Caslin,  B.,  Finnan,  J.,  &  Easson,  D.  (2011,  April).  Miscanthus  Best  Practice  Guidelines.  Retrieved

from  http://www.afbini.gov.uk/miscanthus-best-practice-guidelines.pdf

Centre  for  Sustainable  Food  Systems  at  the  UBC  Farm.  (n.d.).  Retrieved  from

https://startanevolution.ubc.ca/projects/ubc-farm-centre/

DNenviro  Technologies.  (n.d.).  Miscanthus  Overview  [Data  file].  Retrieved  from

http://www.dnenviro.com/uploads/live/DNe_Brochure_Set_._._._Miscanthus_Overview_.pdf

Erik,  K.  Harvesting  and  handling  of  miscanthus.  Retrieved  from

25

http://www.google.com/url?q=http%3A%2F%2Fubcfarm.ubc.ca%2Fabout%2F&sa=D&sntz=1&usg=AFQjCNEvOerij9gKiSWScSmGcqjBlPFOJQ
http://www.google.com/url?q=http%3A%2F%2Fsustain.ubc.ca%2Fresearch%2Fsignature-research-projects%2Fbioenergy-research-and-demonstration-facility&sa=D&sntz=1&usg=AFQjCNHlL5YnVeu9Yf51AQtvFWmBgP8qRw
http://www.google.com/url?q=http%3A%2F%2Fsustain.ubc.ca%2Fresearch%2Fsignature-research-projects%2Fbioenergy-research-and-demonstration-facility&sa=D&sntz=1&usg=AFQjCNHlL5YnVeu9Yf51AQtvFWmBgP8qRw
http://www.google.com/url?q=http%3A%2F%2Fwww.agmrc.org%2Fcommodities__products%2Fbiomass%2Fmiscanthus-profile%2F&sa=D&sntz=1&usg=AFQjCNElV2Uv3NoOl9mlzLnQfrShtziy2w
http://www.google.com/url?q=http%3A%2F%2Fwww.biology-online.org%2Fdictionary%2FC4_plant&sa=D&sntz=1&usg=AFQjCNFux4b22T9IckDwyJ8g8JTtk0NY8g
http://www.google.com/url?q=http%3A%2F%2Fwww.afbini.gov.uk%2Fmiscanthus-best-practice-guidelines.pdf&sa=D&sntz=1&usg=AFQjCNGfGweZsQexINR5TLlsHFqyI2EHSQ
https://www.google.com/url?q=https%3A%2F%2Fstartanevolution.ubc.ca%2Fprojects%2Fubc-farm-centre%2F&sa=D&sntz=1&usg=AFQjCNFYr3LJr2p_Odg08yJV0LZhG-0E-w
http://www.google.com/url?q=http%3A%2F%2Fwww.dnenviro.com%2Fuploads%2Flive%2FDNe_Brochure_Set_._._._Miscanthus_Overview_.pdf&sa=D&sntz=1&usg=AFQjCNFi3kjPJylT47CBOUgeZs52Urbvfg


http://www.shortrotationcrops.org/PDFs/IEA_Miscanthus.pdf

Farm  Features.  (n.d.)  Retrieved  from  http://ubcfarm.ubc.ca/about/farm-features/

Freedom  Giant  Miscanthus  Fact  Sheet.  (2010,  February  8).  Retrieved  from

http://www.slideshare.net/miscanthus/freedom-fact-sheet

GHG  Inventory  (n.d.)  Retrieve  from

http://sustain.ubc.ca/campus-initiatives/climate-energy/ghg-inventory

Giant  miscanthus  for  biomass  production.  (2010,  January).  Retrieved  from

http://www.extension.iastate.edu/publications/ag201.pdf

Grooms,  L.  (2008).  BIOFUELS  CORN  AND  BEYOND.  Farm  Industry  News,  41(2),  40-44.

Heaton,  E.  (2011,  January).  Giant  Miscanthus  for  Biomass  Production.  Retrieved  from

http://www.extension.iastate.edu/publications/ag201.pdf

Heaton,  E.  A.  (2012,  June  15).  Miscanthus  (miscanthus  x  giganteus)  for  biofuel  production.

Retrieved  from

http://www.extension.org/pages/26625/miscanthus-miscanthus-x-giganteus-for-biofuel-producti

on

26

http://www.google.com/url?q=http%3A%2F%2Fwww.shortrotationcrops.org%2FPDFs%2FIEA_Miscanthus.pdf&sa=D&sntz=1&usg=AFQjCNHl9LzC0YQ9Qtit0f1j5u5eFsmnOQ
http://www.google.com/url?q=http%3A%2F%2Fubcfarm.ubc.ca%2Fabout%2Ffarm-features%2F&sa=D&sntz=1&usg=AFQjCNEBDe2YzOg2HH7F8HOY0qnGNsGofQ
http://www.google.com/url?q=http%3A%2F%2Fwww.slideshare.net%2Fmiscanthus%2Ffreedom-fact-sheet&sa=D&sntz=1&usg=AFQjCNE3DVF4fx4eBfj6VDYAehzBnM4oFw
http://www.google.com/url?q=http%3A%2F%2Fsustain.ubc.ca%2Fcampus-initiatives%2Fclimate-energy%2Fghg-inventory&sa=D&sntz=1&usg=AFQjCNFj7txD91jEBHjDGnpikbsSQ7Df2g
http://www.google.com/url?q=http%3A%2F%2Fwww.extension.iastate.edu%2Fpublications%2Fag201.pdf&sa=D&sntz=1&usg=AFQjCNG0-zkIkxvpx0y9m2L_XmqWis4Efw
http://www.google.com/url?q=http%3A%2F%2Fwww.extension.iastate.edu%2Fpublications%2Fag201.pdf&sa=D&sntz=1&usg=AFQjCNG0-zkIkxvpx0y9m2L_XmqWis4Efw
http://www.google.com/url?q=http%3A%2F%2Fwww.extension.org%2Fpages%2F26625%2Fmiscanthus-miscanthus-x-giganteus-for-biofuel-production&sa=D&sntz=1&usg=AFQjCNEmgrRISe-5IEw8B2-NTzEAoIrNYQ
http://www.google.com/url?q=http%3A%2F%2Fwww.extension.org%2Fpages%2F26625%2Fmiscanthus-miscanthus-x-giganteus-for-biofuel-production&sa=D&sntz=1&usg=AFQjCNEmgrRISe-5IEw8B2-NTzEAoIrNYQ


Hedgerows.  (2013,  August  12)  Retrieved  from  http://agroforestry.ubcfarm.ubc.ca/hedgerows/

Jones,  M.  B.,  &  Waish,  M.  (Eds.).  (2000).  Miscanthus  for  Energy  and  Fibre.  Sterling,  VA:

Earthscan  Publications.

Keery,  I.,  Kung,  S.,  Leung,  J.,  Smith,  B.,  Stavro-Leanoff,  N.,  .  .  .  Takahashi,  M.  (2009,  April  10).

Hedgerows  at  the  UBC  Farm.  Retrieved  from

https://circle.ubc.ca/bitstream/handle/2429/23829/AGSC450_2009Group25Sc3APaper.pdf?s

equence=1

Kristensen,  E.  (n.d.).  Harvesting  and  handling  of  miscanthus.  Retrieved  from

http://www.shortrotationcrops.org/PDFs/IEA_Miscanthus.pdf

Mark,  L.,  John,  B.  (2013,  June)  Obama  Outlines  Ambitious  Plan  to  Cut  Greenhouse  Gases.

Retrieved  from

http://www.nytimes.com/2013/06/26/us/politics/obama-plan-to-cut-greenhouse-gases.html?_r=

0

Patzek,  T.  W.  (2004).  Thermodynamics  of  the  Corn-Ethanol  Biofuel  Cycle.  Critical  Reviews  in  Plant

Sciences,  23(6),  519-567.

27

http://www.google.com/url?q=http%3A%2F%2Fagroforestry.ubcfarm.ubc.ca%2Fhedgerows%2F&sa=D&sntz=1&usg=AFQjCNGKIadU5dpWVybYmzCEJsUtcJs36g
https://www.google.com/url?q=https%3A%2F%2Fcircle.ubc.ca%2Fbitstream%2Fhandle%2F2429%2F23829%2FAGSC450_2009Group25Sc3APaper.pdf%3Fsequence%3D1&sa=D&sntz=1&usg=AFQjCNGC3oHFE2IUPLkKXyql_civyRr8uw
https://www.google.com/url?q=https%3A%2F%2Fcircle.ubc.ca%2Fbitstream%2Fhandle%2F2429%2F23829%2FAGSC450_2009Group25Sc3APaper.pdf%3Fsequence%3D1&sa=D&sntz=1&usg=AFQjCNGC3oHFE2IUPLkKXyql_civyRr8uw
http://www.google.com/url?q=http%3A%2F%2Fwww.shortrotationcrops.org%2FPDFs%2FIEA_Miscanthus.pdf&sa=D&sntz=1&usg=AFQjCNHl9LzC0YQ9Qtit0f1j5u5eFsmnOQ
http://www.google.com/url?q=http%3A%2F%2Fwww.nytimes.com%2F2013%2F06%2F26%2Fus%2Fpolitics%2Fobama-plan-to-cut-greenhouse-gases.html%3F_r%3D0&sa=D&sntz=1&usg=AFQjCNG4mrYYangtL8Kq9fsDeYvz04dZnw
http://www.google.com/url?q=http%3A%2F%2Fwww.nytimes.com%2F2013%2F06%2F26%2Fus%2Fpolitics%2Fobama-plan-to-cut-greenhouse-gases.html%3F_r%3D0&sa=D&sntz=1&usg=AFQjCNG4mrYYangtL8Kq9fsDeYvz04dZnw


Pennington,  D.  (2012,  May  29).  Fertilizer  Requirements  of  the  Bioenergy  Crop  Miscanthus.

Retrieved  from

http://msue.anr.msu.edu/news/fertilizer_requirements_of_the_bioenergy_crop_miscanthus

Policy  for  Energy  Crops  Scheme.  Planting  and  Growing  Miscanthus.  Retrieved  from

http://www.naturalengland.org.uk/Images/miscanthus-guide_tcm6-4263.pdf

Richer,  L.,  Goldspink,  P.,  Zaremba,  L.,  Wakefield,  V.,  Campbell,  V.,  Chan,  C.,  .  .  .  Coughtrie,  M.,

APSC  261  2013  Option  Descriptions  [PDF  document].  Retrieved  from  Lecture  Notes  Online

Web  site:

https://connect.ubc.ca/bbcswebdav/pid-1613691-dt-content-rid-5600309_1/courses/SIS.UB

C.APSC.261.101.2013W1.16651/APSC%20261%202013%20Option%20Descriptions.pdf

Sundermeier,  A.,  Reeder,  R.,  &  Lal,  R.  (n.d.).  Soil  Carbon  Sequestration—  Fundamentals.

Retrieved  from  http://ohioline.osu.edu/aex-fact/pdf/0510.pdf

The  Clean  Burning  Alternative  Fuel.  (n.d.).  Retrieved  from

http://www.glassbiofuelsireland.com/biodiesel-chp/

The  Willow  Biomass  Project.  (n.d.).  Retrieved  from

http://www.esf.edu/pubprog/brochure/willow/willow.htm

28

http://www.google.com/url?q=http%3A%2F%2Fmsue.anr.msu.edu%2Fnews%2Ffertilizer_requirements_of_the_bioenergy_crop_miscanthus&sa=D&sntz=1&usg=AFQjCNFg8NQJYIhVlMYYran9lXF3hg1Wnw
http://www.google.com/url?q=http%3A%2F%2Fwww.naturalengland.org.uk%2FImages%2Fmiscanthus-guide_tcm6-4263.pdf&sa=D&sntz=1&usg=AFQjCNF6ltSslybymPGGTPEjDQapMpmQYg
https://www.google.com/url?q=https%3A%2F%2Fconnect.ubc.ca%2Fbbcswebdav%2Fpid-1613691-dt-content-rid-5600309_1%2Fcourses%2FSIS.UBC.APSC.261.101.2013W1.16651%2FAPSC%2520261%25202013%2520Option%2520Descriptions.pdf&sa=D&sntz=1&usg=AFQjCNEHmIdWC2s5RDnW1-XNjTCHCYDYoA
https://www.google.com/url?q=https%3A%2F%2Fconnect.ubc.ca%2Fbbcswebdav%2Fpid-1613691-dt-content-rid-5600309_1%2Fcourses%2FSIS.UBC.APSC.261.101.2013W1.16651%2FAPSC%2520261%25202013%2520Option%2520Descriptions.pdf&sa=D&sntz=1&usg=AFQjCNEHmIdWC2s5RDnW1-XNjTCHCYDYoA
http://www.google.com/url?q=http%3A%2F%2Fohioline.osu.edu%2Faex-fact%2Fpdf%2F0510.pdf&sa=D&sntz=1&usg=AFQjCNHPF_lIaNz4YXWqs4nBHXWmAgEANg
http://www.google.com/url?q=http%3A%2F%2Fwww.glassbiofuelsireland.com%2Fbiodiesel-chp%2F&sa=D&sntz=1&usg=AFQjCNHpKb8r83VE76o72tIZUtyB8piqgA
http://www.google.com/url?q=http%3A%2F%2Fwww.esf.edu%2Fpubprog%2Fbrochure%2Fwillow%2Fwillow.htm&sa=D&sntz=1&usg=AFQjCNEdaQvnLZQ1FZWl5h8f_CSJ-wAK5w


The  University  of  British  Columbia.  Bioenergy  Research  and  Demonstration  Facility.  Retrieved  from

http://sustain.ubc.ca/research/signature-research-projects/bioenergy-research-and-demonstratio

n-facility

Tubbs,  C.  R.,  Blackwood,  J.  W.  (1971).  Ecological  Evaluation  of  Land  for  Planning  Purposes.

Biological  Conservation,  3(3),  169-172.

Uffe,  J.  (2011).  Benefits  versus  Risks  of  Growing  Biofuel  Crops:  the  Case  of  Miscanthus.  Current

Opinion  in  Environmental  Sustainability,  3(1-2),  24-30.

Wang,  Z.,  Dunn,  J.  B.,  &  Wan,  M.  Q.  (2012,  May  31).  GREET  Model  Miscanthus  Parameter

Development.  Retrieved  from  http://greet.es.anl.gov/files/micanthus-params

Zimmermann,  J.,  Dauber,  J.,  &  Jones,  M.  B.  (2012).  Soil  Carbon  Sequestration  during  the

Establishment  Phase  of  Miscanthus  ×  giganteus:  a  Regional-Scale  Study  on  Commercial

Farms  using  13C  Natural  Abundance.  Global  Change  Biology  Bioenergy,  4(4),  453-461.

29

http://www.google.com/url?q=http%3A%2F%2Fsustain.ubc.ca%2Fresearch%2Fsignature-research-projects%2Fbioenergy-research-and-demonstration-facility&sa=D&sntz=1&usg=AFQjCNHlL5YnVeu9Yf51AQtvFWmBgP8qRw
http://www.google.com/url?q=http%3A%2F%2Fsustain.ubc.ca%2Fresearch%2Fsignature-research-projects%2Fbioenergy-research-and-demonstration-facility&sa=D&sntz=1&usg=AFQjCNHlL5YnVeu9Yf51AQtvFWmBgP8qRw
http://www.google.com/url?q=http%3A%2F%2Fgreet.es.anl.gov%2Ffiles%2Fmicanthus-params&sa=D&sntz=1&usg=AFQjCNF2jEvmpkbcmWYVd6DXI4iJz_eKwQ

