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Abstract

This thesisexamineshe problemof global climate changetaking asits starting point
the recommendationsf both the IntergovernmentaPanelon Climate Change(IPCC)
andUnited Nations FrameworkConventionon Climate Change(UNFCCC) (1992).1t is
arguedhatan approactwhich directly addressethe (scientific) causef climate change
via the applicationof biology and chemistryD termedan Oenvironmentabproach@®
thisthesisbis betterplacedthanconventionategulatoryinstrumentg(i.e. a carbontax)
to fulfil the objectivesof the (1992) Convention. Moreover, it is arguedthat an
environmentalapproach/methodhas the potentialto addressother (related) areas of
environmentatoncernsuchasthe useof chemicalsin agricultureand land degradation.
Becauseuchan approactwould not entailthe predominatelynegativeeconomiceffects
of conventionategulatoryinstrumentsuchas Ocarbotaxation(t hasthe potentialto
beuniversallyinclusive (throughchoice),extendingglobalparticipationin the UNFCCC.
An environmentabhpproachs thereforeelaborateduponwhich centreson the specific
useof Cannabis(in particular,the SativalL. sub-speciesas a multipurposesource of
biomassand industrial feedstockfor energy,agriculturaland commodityapplications.It
is arguedhat the uniquephysiologicaland chemicalcharacteristicof Cannabismakeit
ideally suited for such applicationswithin the overall objective of climate change
mitigationby addressinglirectly our industrial relianceon fossil fuels and severalof the
key land-use/managemermnd consumptionrelated causesof climate change.lIt is
concludedthat Cannabiscultivation and the industrial utilisation of this crop could be
environmentallyand economicallyviable as a methodfor addressinghe problem of
globalclimatechange.



Contents

Introduction p5

Chapter one: Climate Change and Mitigation Options

1.0 Climate Change p9
1.1 Policy: an introductier pll
1.2 Market based and regulatory mechanismas pl3

1.2.0 Regulatory instruments
1.2.1 International Carbon Taxes
1.2.2 Tradable Carbon Quotas
1.3 Environmental approash pl7

Chapter two: Cannabis

2.0 Cannabis: an introductien p23
2.1 Physiology- p24
2.2 Cannabis and Climate change p30
2.3 Economic productivity of Cannabis p33
2.3.0 Seed
2.3.1 Stem

2.3.2 Bast fibre (primary and secondary)

2.3.3 Woody core
2.4 Modern Uses for Cannabis p37
2.5 Summary p38

Chapter three: Climate change mitigation potential

3.0 Introduction p39
3.1 Land-use p40
3.2 Land availability for biomass/energy creps p41
3.3 Cannabis: energy crop for climate change mitigation{EW)——1p43
3.4 Global implications p44
3.5 Commercial applications p48

3.5.0 Energy and transport
3.5.1 Integration of Cannabis for sustainable agriculture

Chapter four: Conclusion
4.0 An environmentally viable method for climate change mitigatier?53
4.1 An economically viable method for climate change mitigatienr?—P58
4.2 Logistics p62
4.3 Cannabis: industrial raw material for the’'Zlentury? ——p64
5.0 References p67




Introduction

Global climate changeis arguablythe most severeproblem that the World faces
today. Our climateinfluencesevery aspectof life on this planetfrom our ability to

producefood andthereforeour future developmentto the distribution of biomesand
the level of biodiversity that exists in the World B much of which remains
scientificallyunclassifiedor unknown.The degreeto which climatechangeeffectsour

lives must not be takenlightly. Take for examplethe increasein extremeweather
conditionsaroundthe World which result in devastatingdroughtsin someregions,
flooding in othersand a generallygreater propensityfor cyclones, tornadoesand
hurricanesdue to increasedoceanictemperatureslf we continueto upsetnatures
variousequilibriumtheseeventswill certainlybecomethe normfor a majority of the

WorldOsgopulation.While these eventswill themselvedeadto severe ecological
problemstheywill alsoillicit many equallydangeroussocio-politicalsituationssuch

asdisputesoverwaterresourcesindin the creationof OenvironmentadfugeesO.

As this thesiswill explore the presentsituationis not completelynegativein so far
aswe haveboth the time and resourcego avoid the worst apocalypticscenarios.
Moreover, positiveinterventionin onearedi.e. climate changemitigation) may have
positive ecologicalimplicationsfor othersdependingn the adoptedcourseof action.
Given that human developmentdependsto a great extent on our general
(environmental)well being it is in our best interest to make our development
(environmentally)sustainableThis philosophy does not hold that humanbeings
shouldmakeQirrational€acrificesin orderto preservethe environmentlt doessay,
howeverthat we shouldtakeinto consideratiorthe long-termenvironmentaimpact
of our actions.In doingsowe could ensureequilibrium betweenhumanactivitiesand

our planetthatallowsandindeedenhance$uture humandevelopment.



This forms the fundamentabasisfor environmentabr Ogreenghilosophysinceits
inceptionin the 19600svith RachelCarsonOsmotiveb yet scientificD observation
that the use of chemical pedicides/herbicidesb then heraldedas a technological
cornerstonef the Ogreerevolution( suchas DDT, would eventuallyresultin a
OsilenBpring@1962)giventhe negativeeffectthesechemicalshaveon Bird species.
The philosophy, however,is best associatedwith J.E LovelockOg1979) OGaia
Hypothesis@nhichis particularly relevantfor the currentthesis.In brief, LovelockOs
work acknowledgesn intimate human/natureelationshipwithin the overall context
of aninterconnecte@nddynamicnaturalworld whereall eventsb phenomenoror
otherwisebconstitutepartof a self-regulatingliving organism(OGaiaCRegulationis
perhapsthe Owrong@ord B OGaia@s | readit, especiallyin his later works!
resemblesnoreof achaosof causatiorbetweereventswherethe world would adapt

to maintainlife Banylife.

Take for examplethe problem of rising sealevels attributedto the effect global
climatechangehason the polar regions.Presuminglimate changeis enhancedurther
this Oproblem@ill, in the very long term, theoretically reducethe amount of
atmosphericcarbon and other greenhousegasesresponsiblefor the Oenhanced
greenhouseffect@by increasingthe oceanicbiota (at the expenseof the terrestrial
biota) andthereforeakey carbonOsink® with the possibility of eventuallyreducing
or stabilisingglobal climate change Humanbeingsarethereforein a unique position
asour activitiescanhavepositive and(definitely do have)negativeconsequencesot
only for ourselvesbut all life on the planet. At this level there has beensome
philosophicalprogressorneout of acompromiséetweenthe economicimperatives
of industrial(or Modern) societiesuse of naturalresourceqgdevelopment)and the

realisatiorthat we doin fact havean intimate, moreoveryeciprocalrelationshipwith

! These include OThe ages of Gaia® (1988) and OGaia: the practical science of planetary medicine®
(1991).



Gaia.ln short,rising sealevelsandanalteredglobal climatemay not be a problemfor
Gaiabut it is most certainly a problemfor humansand an arguablyunquantifiable

numberof otherlife formsBwe are responsiblereatures!



Thus we havethe term Osustainablievelopment@adepracticalby environmental
policy andeconomicgjearedowardsaddressinghe interactionbetweenhumansand
our environmentwith anexplicit needto securean adequateenvironmet for future
developmentin 1987 the World Commissionon Environmentand Development
(WCED) or Brundtland Commissionmade these connections(i.e. environment,
developmentndfuture well being) explicitin a reporttitted OOuCommonfuture®

statingthat

OHumanity has the ability to make development sustainable B to ensure
that it [development] meets the needs of the present without compromising the
[environmental] ability of future generations to meet their own needsO
(WCED, 1987, p8).

We arein a positionto makethis statement reality by addressinghe problem of
global climate changeas all life B presentand future B would benefit. At a
fundamentalevel of analysis climatechangecanbepreventedoy alteringor changing
humanactivitiesthat at presentcontributeto what is referredto as the Oenhanced
greenhouseffectOWhile thereareseverabvertly technologicaloptionsavailableto
reduce,for instance,our relianceon fossil fuels such as wind, hydro, solar and
nuclearpower; it will bearguedthat the mostbeneficialoption in termsof addressing
other environmentalproblems- a key objective of the UNFCCC b will be to

incorporateclimatechangemitigation strategyinto agriculture.

Using specificforms of biomasg(suchas Cannabis)within an overall strategythat
encouragessustainableagriculture and land managemenpractices with particular
emphasi®n crop utilisationfor energyapplicationsvould not only help to restorea
balancedhuman)relationshipwith natureby addressingeveralecologicalconcerns
arisingout of modernagriculturalpracticesbut would alsoreduce(to varyingdegrees
dependingn how extensivelyimplementedpur needto burnthe hydrocarbonghat

contributeso significantlyto climatechange.



Sciencehas essentiallyproven the philosophicalposition of much environmentally
consciougliscourseWearenow awareof the extentto which our World b although
dynamicin LovelockOsenseD is a closed circuit in which we are an integral
(influencing) part and that even our culturally limited (Western) concept or
pretensiorof intelligencenecessarilyneansave haveamoralresponsibilityto at least
try andpreservat; evenif this turnsout to be a solely anthropocentrigoal in so far
as we are obviously more concernedwith our own survival than that of other

organismgyiventhe history of humandevelopmento date.



Chapter One: Climate change and options for mitigation

1.0Climate Change

The scientific observationof global climate changeis in no way a new activity
(Houghton,1997).Neitheris the phenomenontself, which for millions of yearshas
seerthe World shift in andout of iceages(around20,000yearssincethe lastice age),
with dramaticfluctuationsin the meansurface temperatureof the Earth. However,
therehavebeenunusuallylargechange®ver muchshorterperiodsin the very recent
past. Human activities such as burning fossil fuels and land use conversionshave
artificially enhancedthe Ogreenhousefiect leading to a greater proportion of
radiationbeing kept in the atmosphereand in turn reflectedback to the EarthOs

surfaceesultingin arisein surfacegemperaturéHoughton;1997).

Much of the evidencein supportof humaninducedclimate changeis derivedfrom
ice-coredataandthe fact that sincethe industrialrevolution(the actualdatefor which
dataseemavailableis 1750) concentration®f thosegreenhousgase{GHGs) most
responsibldor climate changei.e. carbondioxide (C0,), Methane(CH,) andNitrous
oxide (N,0) haveincreasedby 30, 100 and 15 percentrespectively.From ice-core
data,thesegasesare now at higher concentrationghan at any time in the past
160,000years(IPCC, 1996b).Agriculture is broadly responsiblefor 50 percentof
humangeneratedCH, and 70 percentof N,O emissionscontributingto 20 and 5
percent of global warming respectively. Fossil fuel combustion and land use
conversiongi.e.forestto agriculture especiallylivestockproduction)areresponsible
for the increasein CO, which accountsfor 65 percent of the radiative effect

associateavith the enhancedreenhouseffect(IPCC,1996b).

Enhanced(or accelerated)climate changerepresentsa problem of phenomenal
proportions for the maintenanceof the natural equilibria on which all living

organismGOsurvivaldepends Houghton(1997) considerghat changesroughtabout



by globalwarmingto the hydrological cycle will havethe most impact. We can at
presentobservemany indicatorsof this disruptionin the increasingincidenceof
extremeweatherconditionssuchas storms, droughtsandfloods andthe devastation
that theseeventscause. Climatic projections(IS 92a) of the IPCC that considera
business-as-usuakcenario(in so far as no action is taken) predict an additioral
increasein atmospheriacarbonof 1400Gtwith a subsequentise in temperatureof
between5 and 10°C by 2200 and concludethat, O[tlheassociatedchangesin
climate would be correspondingly large and could well be irreversibleO.

(Houghton, 1997,p102)

It is estimatedhat the cost of thesechangesould be realisedas soon as 2050 and
would bein therangeof 1-1.5percentof GDP for developedcountries.Accordingto
Houghton(1997)andIPCC (1996b)this figure is substantiallyhigher (5 percent)for
developingcountries due to their greater geographicalvulnerability to climatic
variations and the fact that more of their income/expenditurdependson agriculture
and water resources.Although extrapolationsare difficult given the overwhelming
numberof variable$ the total costcouldbearound? percentof GrossWorld Product
(GWP) or 400 billion US dollarsper annum This figure is increasedassumingthat

damageaemainsvertime, giving acostper ton of carborof $503

On a global scale humanactvities currently add around3.3 thousandmillion tons
(Gt) of carbon(annually)into the atmosphereequivalentto a 1.5ppmv annual
increasewhichrepresentd5 percentof total emissiong1.5 Gt from changesn land
useanddeforestatiorand 6Gt from fossil fuel emissions).The other 55 percentis
removedby the land and oceanbiota (Houghton, 1997). While this representsa

simplified description of the problem there seemslittle need to repeat the

% How for instance do we adequately account for loss of species (biodiversity) as a result of climate
change?

® The cost of emitting one ton of carbon now given future damage (marginal cost), calculated using a
variable discount rate, means that estimates range between 5 and $125 per t/C (Houghton, 1997).

* Parts per million volume.



comprehensivanalysisof the IPCC (InternationalPanelon Climate Change,1990,
1996a,1996b) especiallyas this vast body of researchwill be extensivelydrawn

uponthroughoutthis thesis.




It hasin fact beenthe weight of scientific knowledge about global warming that
providedthe impetusfor the largestmesting of governmentrepresentativegverto
havetakenplace.The United Nations Conferenceon Environmentand Development
(UNCED) heldin Rio de Janeiro,1992 (or OEarttsummitO)ed to the signing of the
United Nations FrameworkConventionon Climate Change (UNFCCC) by 160
countrieslt shouldbepointedout that responsibilityandfocus for actionlies firmly
with the developedcountries,restingas it does(other than simply liability) with
fiscal ability to implementthe objectivesof the Conventionard the socio-economic
structures relevant to this, such as dominant industrial sectors and energy

use/consumption.

1.1Policy: an introduction

This thesisaimsto provide a responseto climate changecomplementaryto the
objectivesset out in the UNFCCC (Article 2)° and recommendationsf the IPCC
(19964a, 1996b) basedon published and peer reviewed scientific papers (see:
www.ipcc.ch). Thereare severalpossible options open to policymakersin dealing
with this problem,all of which havepositive andnegative attributes.However, the
ultimate defining criteriafor a successfulpolicy is to engagethe widest possible
implementatiorwhichis especiallyimportantin the contextof global climate change
b aswill becomeapparent.The scopeof this problem ne@ssitatesthat coherent
policy is formulatedat aninternationalevelin orderto ensurethat measuresadopted
nationally are in harmony with each other and targeted at meeting the same

objectivesThe USwould bewell advisedo think globally andactlocally.

® Article 2 states that: OThe ultimate objective of this Convention and any related instruments that the
conference of the Parties may adopt is to achieve, in accordance with the relevant provisions of the
Convention, stabilisation of greenhouse gas concentrations in the atmosphere at a level that would
prevent dangerous anthropogenic interference with the climate system. Such a level should be
achieved in a time frame sufficient to allow ecosystems to adapt naturally to climate change, to ensure
that food production is not threatened and to enable economic development to proceed in a sustainable
manner.O



The UNFCCC(1992),at leastin termsof the numberof signatoriesyepresentedhe
beginningof suchan acknowledgementvhich could haveinnumerableramifications
for the future of (especiallyenvironmental)policymaking,increasinglytaken at the

globallevel.

Of course,many environmentalproblemsare unique in that the consequencesf

environmentaldegradationresulting from anthropogenic(human) interferenceare
essentiallyglobal. Despitethis fact regions can (and do) have different levels of

responsibilityalthoughsomemay (and alreadydo) suffer the actualenvironmental
consequencesf atmosphericpollution and climate change disproportionatelyin

relationto their emissionsMany low lying (Mozambique,Bangladeshand small
island States(Marshall Islands, Maldives) exemplify this situation (IPCC, 1996b,
UNFCCC,1992).

Although it is of importancethat international policy takes accountof these
disparitiesin orderto achievesuccessfuimplementatior{or agreementandtherefore
the objective of reducingemissionsthere are severalkey questions.For instance,
giventhat energyconsumptionn the so-calleddevelopingworld is setto increaseby
around70 percentoverthe next50 years(IPCC, 1996b),how canthis possibly be
reconcilablewith (some)developedworld abatementegislation?Could we justify
Odeveloping@untriesbeing exemptfrom an internationalpolicy and thereforenot
developingalternativeenergysystems?r further, doesleaving developingcountries
exemptfrom policy merelyensurefuture marketsfor predominatelyWesternowned

oil conglomerate$?

6 This is not to assume that harmony exigtsin the standard economic categories of Odevglopingf)
and OdevelopedO nations. There is complete dismay in Europe following President BushOs
announcement that his country would abandon the Kyoto Protocol, especially as the US is the
WorldsO most significant polluter and has an arguably disproportionate influence over global policies.



Theimplicationsof thesequestionsarevery realanddemonstratehat formulatinga
legislatively practicable, comprehensiveand inclusive international policy is
extremelydifficult to achieve.Given that such a policy would ideally, from the
policy making perspectivehaveuniversalcriteria, methodologyand be in the most
part standardisedijt becomesclear that applying this to a heterogeneousocio-
economic context is at best problematic and ignores to a certain extent the
fundamentaproblemof climatechangeandits causesTheseideaswill be considered

in the contextof ananalysisof the following type(s)of policy.

- Conventionafegulatoryinstruments
- Taxesandsubsidies

- Tradablepermitsand/or quotas

(Adaptedrrom IPCC,1996a)

1.2 Market-based and regulatory mechanisms

1.2.0Regulatory instruments

Theseinstrumentsvould essentiallyinvolvethe settingof carbonlimits for particular
industrieswithin a legislative framework that bans, alters or controls polluting
activities. The use of this policy instrumentwithin the international context of
climate changemitigation is, althoughdesirablein the achievementof the overall
objective, highly unlikely. There are severalreasonswhy this is the case.For
instanceas mentionedhereexista diverserangeof circumstance$o which sucha

policy would haveto be applicable.A fundamentalareaof concernregardingan



internationakegulationwould be the possibility of reachingan agreemento begin
with. The UNFCCC (hereafterreferredto asthe Convention)hasthe basisof an
internationalegulationastargetsfor CO, abatemenareoutlinedbut at the sametime
actionto meetthis targetrequiresconsentof Partiesto the Conventionfor themto be

boundby its conditions.



The extentto which a countryis boundto the regulatoryaspectof the Convention
(specificallyArticle 4 part2) is fundamentallya decisionfor that particularcountry.
It is an importantfact that countriesbound to this regulatory aspectare those
categorisedas Odeveloped(isted in Annex 1 and 2 of the Convention). Of

significancehereis the necessarilyproadcommitmento,

Oadoptnational policies and take corresponding measures on the
mitigation of climate change, by limiting its anthropogenic emissions of
greenhousagasesand protecting and enhancingits greenhousegas sinks and
reservoirs. QUNFCCC, 1992)

While the Convention takes accountof OdifferentiatedesponsibityO and State
sovereigntyover their resources/activitieshis alsoservesto makesalientthe point
that it is impossiblefor somecountriesto committo sucha regulatoryobjective.
Doingso couldjeopardis€inherently)unstablesocio-economistrucuresandwould
not be an Oequitabledption. Moreover, the imposition of such a regulation® as
recognisedn the Conventionb would be neithera legal or practicaloption. Thereis
also a problemof definition. For instance,economiesn S.E Asia (notably South
KoreaandTaiwan)areeconomicallyandsocially developedo a considerablalegree
having sophisticatedinternationallycompetingeconomiesand are World leadersin

manypollutingindustries(particularly steel,coalandautomobiles).

However,due to the desiredvoluntary nature of the agreementthesecountriesdo
not haveany obligationto implementArticle 4 part 2 of the Convention.Although
this (voluntaryapproach)s totally justifiablein the majority of countriescategorised
asOdevelopg(especiallyin sub-Saharan excludingSouth- Africa andsmallisland
States)jts universalapplication doesnot facilitate the meetingof the objective(s).

This point shallbethe subjectof further consideratiorat the endof this section.



1.2.1International Carbon Taxes

This option could take many forms such as an internationaltaxationauthority or
again could be left to the discretionof participating States.However, as a policy
instrumentin the mitigation of climate change,jt sharesmany of the problemsof an

internationalregulation discussedabove. There are also the following points of

consideration:

- Internationalnclusiveness
- Agreemenbn level
- Implementation

- Verification

- Domestic(national)co-operation

The first of these points is concernedwith the extentto which a tax could be
international Any countrynot Partyto suchanagreementvould be at a competitive
advantageverothernationsin their ability to attracta proliferation of high emission
industriesat marginaly lower tax ratesthan other countries(underthe agreement)
could offer thereby creating @arbon leakag(IPCC, 1996a). That country would
therefore be increasing emissionsto its own economic advantage but most
significantlyit would beenhancinganenvironmentaproblemwith (boundlessplobal
ramificationswhich would be borne by other States.Several so-called developed
Statesactuallyprovide substantialsubsidieso their petrochemicaindustries,which

merelyservego emphasis¢he problem.



1.2.2Tradable carbonquotas

In effect,this policy optionalsorequiresan internationalemissionlevel, suchasthat
set in the Convention(a target of stabilising emissionsat 1990 levels) and the
allocationof emissionquotasto individual Statesbasedon the global emissiontotal
and target. This would sharemany of the problems characteristicof regulatory
approachegiventhe necessityof emissioriimits. In addition,sucha policy involves
anQimpliciinternationatax@IPCC, 1996a)andwill therefae shareseveralproblems
associateavith that particularoption. The problemsthat arisein the tradingof such
guotasareinnumerableas somecountrieswould be better placedto purchasetheir
Orighto pollute(f this wasdeemecdhecessarpy the natioral governmentAlthough
this option is a more practicableinternational policy responsecomparedwith
regulationor taxationthereis too muchroomfor abuse For example,it may leadto
the economicpressurisatiorof low emissioncountriesto Otradegiotas they would
otherwisebeunwilling to trade/sellespeciallyif theywerelikely to sufferasa direct

resultof globalclimatechange.

The policiesdiscussedhusfar haveto their creditthe potentialto allocatea suitable
price to fossil fuels, which takes accountof the pollution causedby associated
processesand/oractivities. Thesepolicies, however,could not be imposed at the
internationalevel without a certaindegreeof coercionand infringementon national
sovereigntywhich necessarilymeans that the implementationof such policies are
left to the discretion(?) of individual (or groupsof) StatesEssentially,regulationand
taxation(mitigation) policy are better suited to individual statesratherthan global
policy in what Pearceet al (1989)term the Opollutepays principleOlt would, for
examplebemoreplausiblefor countrieswith matureservice-sectoeconomieqsuch
asthe US or thosein the EU) to be in a position to implementa carbontax than
would be the casefor a country trying to stimulate heavy industry or being

exceptionallyrelianton naturalresourcesuchasoil, coalor gas.



Becausef this thereremainsa greateror lesserdegreeof inequity in mitigating the
problemof climate changethat hasmuchto do with the fad that thesepolicies not
activelychangeanything.If anythingthey represent continuationof the statusquo
or Obusiness-as-usuai@y with more regulation and less profit. The centraland
arguably defining characteristicof these policy instrumentsis the implicit (or
otherwise)costs associatedvith them whetheror not theseare borneby Nation-

Statesjndustryor consumersNoneof theseoptionscomewithout significantcosts.

1.3Environmental Policy Approach

Essentially this approachacts literally on the scientific basis of climate change,
consideringhis basisasa catalystfor solutionsratherthanmarketand/orgovernment
regulation.Although the aforementionedgolicies do tackle the problem basedon a
scientificjudgemenin sofar asthe aimto reduceor abateemissionds a scientifically
basedgoal; an environmentalapproachseeksmitigation throughthe application of
scientificprinciples (in this casebiology and chemistry) as distinct from economic
principles.Importantlythis is apoint that receivesappraisaln literaturedealingwith

the problemof climatechangeThe IPCC (1990,p402)stateshat,

A

O. . . the greenhouseproblem is a pollution problem over space and
time, and one in which increased absorption can reduce atmospheric
concentrationsof greenhouseyasesas effectively asreducedemissions.O

This canbeachievedn severalvaysvia:
- Preservatiomf existingcarbonOsink$O

- Enhancemendf carbonsinks

’ Sinks, as defined in the UNFCCC, Omeans any process, activity or mechanism which removes a
greenhouse gas, an aerosol or a precursor of a greenhouse gas from the atmosphere.O At present the
terrestrial and oceanic sinks sequester 55 percent of all anthropogenic emissions, the remaining 45
percent is added to the atmospheric composition D resulting in global warming (Houghton, 1997).



- Creationof carbonsinks
These Osinksidclude marine activities (such as the photosyntheticpropertiesof

plankton)which accountor up to 50 per cent(or 2.1Gt C0,) of thetotal (4.2Gt C0O,)
sequesteredarbon(Houghton,1997). However,this section(andindeedthesis)will
concentrat®n terrestrialmechanismss they hold greaterpotential for enhancement
by humanactivity andhavethemselves significantinfluenceover the ability of the
oceanicbhiota to sequesteratmosphericcarbon.Some of theseinfluences include
agriculturalrun-off, pesticides,jndustrial pollutants,sewageplus climate changeand

all the anthropogeni€actorsattributableto it (Lalli andParsons1993).

Terrestrialmechanism$or C0O, sequestratiomremostly associateavith the chemical
conversionsthat occur in green plant tissue (chlarophyll) in the process of
photosynthesisPlantsrequirelarge quantitiesof (especially)CO, in orderto grow,
releasingoxygenasa Oby-product®O,, which represent$0 per centof greenhouse
gases(GHGs) (IPCC, 1996b), is converted along with other chemicals (or
assimilates)nto food by the plant. The resultinggrowth and storageof carbonis
realisedin termsof biomass It shouldbe notedthat matureforests,such as those
foundin tropical regionsof the World representlimax vegetationthat absab only

smallamountsof Carboncomparedo newplant growth?®

Only those(developediountriedistedin Annex1 of the Conventionarecommitted
to Oprotectingndenhancingts greenhousgassinks@Article 4, part 2a). The reason
for which is that for many of the Worlds countriestheseareasrepresenimportant
sourcesof income.In effectthey area naturalresourceand underinternationallaw
the sovereignstate has ultimate control over their exploitation, regardlessof the

environmentatonsequenaeof doingso.

® This is not to trivialise these areas; they are protected by international agreement (CBD, signed at
Rio 1992 by 153 countries plus the EU) protecting the biological diversity located in these, mainly
tropical regions. In addition, old growth forests represent a substantial store of above and below



ground carbon the removal of which becomes a source of atmospheric carbon and other GHGs (IPCC,
1996b).



Of majorconcernis the fact that a substantialproportion of theseareasare being
turnedinto sourcesof greenhouseyasesas fertile, often forestedland (as a scarce
resource)s convertedfor agriculturalusessuchas livestock or that the (natural)

biomasss usedas(firewood)fuel?

ODeforestationthe changing of land out of forests, is the single most
important land userelated causeof the increasein atmospheric concentration
of carbondioxide.Q(Adger and Brown, 1994,p233)

Formulatingan internationalagreementising a scientific-environmentahpproachto
mitigating climatechanges certainlynot aneasietaskthanis usingthe market-based
or regulatory mechanismsHowever, what is apparentis the possibility for an
agreemenbasedon, for example,reforestation.Sucha policy would be directly in
linewith the commitmentgArticle 4) agreedto underthe Convention;including the
Annex1 (developedyountriesadditionalcommitmentto provide financial assistance
for developng countriesto achievethe Conventionobjective(s)Provided,of course,
that other internationalagreementgi.e. Convention on Biological Diversity) are

respectedn the processFor instance,

O(a)snuch as 60 percent of IndonesiaOsoughly 2 million hectares of
plantation (forestry) is thought to have directly displaced natural forest.O
(Adger and Brown, 1994,pp24-25)

A balancethereforemust be struck betweeneconomicand environmentalobjectives
whereany internationabhgreemenis concernedln severarespectplantationforests
arenot the solution, althoughgiven that World consumptionof paper (275 million

tonsin 1995)is expectedo increaseo around480 million tonsin 2010 (Mattoon,
1998,p20) it is certainly an economicallyattractive option for governmentsr the

speculativénvestor.

° See section 3.5.0 paragraph four.
'° Global paper manufacture also accounts for a substantial proportion of industrial effluents released
to water and therefore impacts on terrestrial and marine environments negatively.



Oneof the key disadvantagesf plantationforestsis the time (5-25 years)required
(especiallyin the beginningof sucha project prior to the establishmenbf a growth
cycle) beforeany economicbenefits can be accrued.This fact goessomeway to
explainwhy plantationshavedisplacedmany naturalQOoldgrowthGorests.Thus the
option of plantationforestry is less attractiveor literally impossiblefor the small
landowneror farmergiven the scaleand initial investmentrequired® This fact is

reflectedn the comparativelysmallamountof foreststhat aremanagedor goodsand

services?

An ideal environmental policy approach to climate change mitigation would

include thefollowing objectives

- Sequestration of atmospheric carbon dioxide.

- Prevent the destruction of natural ecosystems (biodiversity).

- It would not burden developing countries with costly socio-economic regulations.

- It would not require significant changes to current land use (i.e. displacing people
or activities).

- It would have a minimal environmental impact and/or address other
environmental/pollution problems.

- It would also provide (socially equitable) economic incentivegliobal
implementation.

(Adaptedrom UNFCCC,1992andIPCC1990,1996a1996b)

" IPCC (1996b, p786) considers the average cost of plantation forestry to be around $400/ha.

? Forests globally cover 4.1Gha, 0.1Gha are plantations and 11% of the total are managed. This
varies by region as 20% of mid-latitude, 17% of high latitude and less than 4% of low-latitude forests
are managed (IPCC, 1996b, p776).



This thesisfollows andelaborate®n the conclusiongeachedoy the IPCC (19964,
1996b) which hold that it is advantageoudo have a cross-sectoral(or multi
disciplinary) approacho the problemof climate changegiven the contextin which
policy decisionsnustbetaken.Linking policiesin the areasof transport,agriculture
and forestry with the cross-sectoratlimensionsof energy,land use and societyOs
demandgor resourcess integralto establishingeffectivemitigation policy. Crucially,
it is thestrategicuseof biomassin the energysectorwhich not only meetsthe above
objectivesutdirectly reducesemissionsjn addition to sequestrationby substituting
for fossil fuels One defintive argument arising from the work of the IPPC
demonstratedn both the model of Low CO,-Emitting Energy Supply Systems
(LESS)andIntegratedModel to Assesghe Greenhousé&ffect IMAGE 2.0, IPCC,
1996b)is that the strategicutilisation of biomassin the aboveareaswill havethe

mostprofoundmitigation potentialin both presen&andfuture scenarios.

Olfthe developmentof biomassenergy can be carried out in ways that
effectively addressconcernsabout other environmental issuesand competition
with other land-uses,biomass could make major contributions in both the
electricity and fuel markets, as well as offering prospectsof increasing rural
employmentand income.@IPCC, 1996b,p15)

However,conclusionsare sensitiveto many of the key assumgbns, Osuclas the
productivity of biomass energy plants, the rate of technological progress in
agriculture,and the rate of populationand income growth®(IPCC, 1996b, p816).
Climate changealso possegroblemsfor the growth of OnewBiomassand for the
areasof natural and plantation forests that already exist given that small (1° C)
alterations in mean annual temperature can potentially affect the Ogeographic
distribution of biomesb i.e., biogeographicregionsQ(IPCC, 1996b, p101). The
implicationsof this meansthat while a standardisedpproachto biomass(i.e. for

energypurposes)is highly desirablein terms of processingcosts, the choice of



biomasgs animportantfactorgiventhat climatechangewill continuefor many years

afteratmosphericabonlevelshavebeenstabilised.



Annualandperenniatropsarefar lessvulnerableto changesn climate than areslow
to mediumgrowth forests (IPCC, 1996b, p389) and somesharemany of the bio-

chemicalcharacteristicef hardwoodbaswill bedemonstatedin chaptertwo.

The utilisation of biomassin agriculture and industry representsan economically
favourablealternativeto, for example,the regulatoryor OtomlownQprice fixing of
fossil fuelsBwhich in the long term will only achievemitigation objectivesthrough
economicallynegativeactivities. Moreover, it will be arguedthat an environmental
policy for climate change mitigation has greater practical potential in terms of
implementationjnclusivenessndin meetingthe objectiveof mitigation itself. The
nextchapterwill detailthe physiologyandsubsequenargumentdor the integration
of Cannabisnto (perhapsyaWorld Agricultural Agreementvith the centralobjective
of mitigating climate change within the guidelines of the UNFCCC and IPCC

recommendations.



Chapter two: Cannabis

2.0Cannabis: an introduction

The name,Cannabisrefersto a large,andasyet unquantified populationor family
referredto collectively as Cannabinacea&vhich includesCannabis,Humulus and
possibly Humulopsis (Clark, 1999). The worldOdeading researcheon this topic,
Ivan Bocsa (1998), considersthis family to include only Cannabisand its sub-
specieslt is, therefore the former category(Cannabispn which this pieceof work
will focus.Within the Cannabigyenepool there are three main sub-speciessativa
indicaandruderalis D the latter beinga wild or weedyform. All sharethe fact that
they grow spontaneouslpr otherwiseOthroughoutearly all equatoriako subarctic
regionsof the worldQ(Clarke; 1999,p13). In addition,all Cannabisgeneraare fully

interfertilewith oneanother.

For the purposeof clarity, it must be pointed out that while the taxonomicgroup
Cannabids appliedin this chapter,thereare many geneticdistinctionsbetweensay
Ohemp@ativa L.) and the Indica or ruderalis sub-speciesAmong theseis the
propensityto producethe chemicaldelta9-THC, whichis illegal in the vast majority
of countries and therefore carries implications of an environmental, biological,
economicand political naturefor this thesig®. The variety commonlyreferredto as
Ohempédnstitutesone, albeitbroad,generaof the Cannabisfamily that belongsto
the sativaL. grouping.Theseparticularcultivars containnegligibleto zero quantities
of the chemicalTHC. Europeancultivation of hemp has beenlimited to three gene
pool sectionscovering the following ecotypes:Northern and Central European,
SouthernEuropeanand East Asian. When taken togetherwith the differencesthat
also exist within each individual (ecotype) grouping, this gene pool (Cannabis)

consists of an extraordinarylevel of genetic diversity in terms of ecotypes

© This fact will be addressed more fully at a later stage.



(geographic/climatidocation), genotypesand their subsequenfphenotypes(actual

characteristicsindendusevalue*

2.1Physiology

Cannabigs anannualherbaceousrop that requiresplanting in the early spring as
flowering is inducedby longer nights (or shorter days). The characteristiogrowth
patternof varieties(hemp, SativaL.) grownin the European(temperate) climate
display 2-3 months of vegetativegrowth precedinga flowering cycle. Essentially,
Cannabigs dieociushaving distinct male (Y) or female (X) plants (usually of the
ratio 1:1),thelatter having most economicvalueandtakingslightly longerto mature
given the extendedflowering cycle (Bocsaand Karus, 1998). BecauseCannabisis
anemophilougwind-pollinated)the maleplants,which maturefaster,canbe spotted
andif desiredby the cultivator be removedfrom the crop. Removingmale plantsis
dependenbnthe useto whichthe cropis beingput. For instanceif the crop is to be
usedfor fibre, the femaleplantscanmaturefor up to five monthsafterfloweringif no
fertilisationoccurs(Clarke;1999).0n the other hand,cropsbeing producedfor seed
or oil will requiremale/femalefertilisation to occurand so the male plants canbe
removedafter fertilisation occursto leavemoreroom for the femaleplantsto grow.
The existenceof monoeciougmale and female flowers on one plant) varietieshas
enabledbreedergo establishsomecultivarsto circumventthesebreeding/cultivation

restrictions(Clarke,1999).In the EU,

O(t)he 32 commercially available registered hemp varieties consist of
twenty-two monoecious, nine dioecious, (and one uni-sex female) sexual
typesO. (Clarke; 1999,p16)

14Jt is the authorOaim to put forward a non-discriminatoryaccountof this speciesconsideringboth

itOs naturally occurring(and human)induceddiversity. The intricaciespertainingto the Cannabis
genepool areof greatinterest,especiallyin termsof the wider theoreticaramificationsfor this thesis.

As aresultmoreattentionwill be devotedo this areaat alaterpoint.



Enduseis thereforeanimportantfactorin termsof crop managemerasthe usual4-6
month lifecycle cantake anywherebetween2 and 10 monthsdependingalsoon the
location. For example,fibre crops can be harvestedbefore flowering occursthus
negatingsomeof the variablesassociateavith aparticularcultivar (vanderWerfet al.
1999). This flexibility of useand/ommanagemenmnakest ideal asa rotation crop. In
addition,researclhasdemonstratetmprovementsn soil quality of the land usedfor
Cannabisultivation whenin rotation with other crops (Roulac,1997). 1t hasalso
beenarguedthat Cannabiss entirely sustainableas it Osuppresseseeds and is
virtually free from diseaseor pests® (Ranalli; 1999, p64) and thereforerequires
only modestlevelsof (organic)fertilisation.Becausef thesecharacteristicshereare
improvedyields (upto 10 percent)of the crop following Cannabisvhenin rotation

(Roulac,1997)° andreducesr eliminatesthe needfor herbicides.

Suchobservationdie in with the fact that annual herbaceouscrops are generally
leguminosaeandhavethe ability to nodulateandfix (atmospherichitrogen(Lopez-
Real,1981).This is apossibilityrequiring investigationwhereCamabisis concerned
giventhe speciessizeableandwoefully under(scientifically) researchedeneticpool.
Another highly significant characteristicof Cannabis,probably emanating from
geneticinheritancefrom weedy (ruderallis) forms is the possibleabilty to grow on
degradechnd evenpolluted land. Ranalli (1999, p69) points out that Cannabiss,
Oabldo extract heavy metalsfrom the soil in amounts higher than many other

agricultural cropsO.

> Due to hempOs (Cannabis sativa) rapid early growth and the density of the crop, strong weed
suppression is virtually guaranteed. Even thistles and couch grass are killed off by hemp (Bocsa,
1998). This situation may not follow where extremely poor soil conditions are prevalent. In addition,
pest resistance could be undermined when cultivated in plantation conditions i.e. continuous
cultivation in monoculture (Bocsa, 1998).

' This is verified by Hemcore UK Ltd, who contracts hemp cultivation with farmers in the South
East of England (Roulac, 1997).



The aforementionedcharacteristicsmean that Cannabis requires very modest
fertilisationandlittle or no herbicidesor pesticideswhenin arotation cycle (vander
Werf et al, 1999). This holds obvious enviro-economicadvantagesmaking the
completeintegrationof Cannabisinto all agricultural systemshighly desirablein
termsof both improvedand createdsustainability. When consideredn conjunction
with the usevalueof this crop, theseattributeshave seriousimplicationsfor the
futureviability of moreenvironmentallydamagingcropssuchas cotton (Gossypium
L.) which could be displacedby Ohemp({@annabisvariety most favouredfor fibre
production)in a(more)sustainablaextile industry (Alden et al, 1998).0Or - farmers
couldrotatetheir cotton crop with Cannabigo reducethe chemicalinput requiredby
the cotton crop. More attentionwill be paid to overtly economicargumentsn the

following sectionalthought is oftendifficult to separatesuchinterdependenissues.

Hemp(Cannabissatival.- hereaftereferredo simply as Cannabis)s a greenplant
of the Cvariety, (Geof Kime, Hemplinelnc., personalcommunication;1999) which
meansthat during photosynthesisa three-carboncompoundis produced. Other
plantsthat sharethis (C3) physiology include sunflower, rice, wheat and potato
(IPCC,1996b). While this remainsconstant;t shouldbe pointed out that many of
the different phytochemicalcharacteristicsassociatedwvith this crop are strongly
dependenbn the environmentlt hasbeendemonstratedhat geographicalsituation
canhavethe mostprofoundeffectsgiventhe varyingtemperaturesprecipitationand
seasonavariationsthat this entails,causingalterationsin the biochemicalpathways
of the plant andtherebyinducingseveratistinctions(Pate;1999). One suchexample
of this environmenrdl influence over Cannabisis the production of Cannabinoids
(chemicalsunique to the C. family) which has implications for the international

productionof Cannabis.



The production of these chemicals (over sixty such metabolic compounds)in
Cannabisewe severafunctionsfor the variousecotypesandso appeaito be closely
linked to the environmentalariablesor abioticfactors,often referredto as stresses
that caneffectan organismssurvival. A usefulexaminationof the interplay between
environmentafactorsandplant physiologyis providedby Pate (1999) who draws
on a substantialamountof empirical researchOf particularinterestis the climatic
influence over the production of Delta-9-Tetrahydrocannibino{THC) which
contributesto the 3000yearold useof Cannabidor treatinga diverserangeof human
medicalconditions(Clarke;1999).The productionof THC andterpenequnsaturated
hydrocarbonsjaremost frequentin the indica sub-speciesvhich are predominately
found in the equatorialand tropical biomes.These compounds,Ocanbe seenas
analogousto the waxy coatings of the cacti and other succulentsthat serveas a

barrier to water loss@Pate; 1999,p26).

Thereis evidenceo suggesthat cannibinoids(suchas CBD and CBG) foundin the
varietiesof low THC Cannabiggrownfor industrialpurposesn temperateclimates
arein fact precursorgo THC. And moreoverthat their compositionchangeswhen
UV-B radiationincrease4280 to 315nm) given the apparentlyhigher absorption
propertiesof THC.

OCBD-rich English Cannabis devoid of THC produced significant
amounts of THC and lessCBD, when grown in the Sudan. This trend was
accentuatedin the next generationof plants.Q(Pate; 1999,p27)

These observationshave led to the conclusion that, @annabinoids and their
associatedterpenesprovide a survival advantageto the plant, particularly in the
tropical biomeD(Pate, 1999). One implication hereis that different generamay
posses&nhancedatesof photosynthesiperhapscloserto those of C4 crops(i.e.
those producinga four carboncompound).This would be of most benefit where

geneticdiversityis concernecbver potential ratesof atmosphericcarbontake-up: a



pointthat will bediscussedhortly.It hasalsobeerfound, moregeneraly, that THC
productionincreasewith the amountof stressplacedon the plant suchas when
growing conditionsbecomdessfavourablewhich coversseveraparametersncluding
soil quality, low humidity and sparserainfall (Latta and Eaton; 1975). Stressaso
occursfrom damageto the plant by insectsto which Cannabishasthree primary
defence mechanismsconsisting of, Oa generous covering of nonglandular
trichomes, emission of volatile terpenoid substances,and exudation of the

sticky cannabinoidsO(Pate; 1999,p29)

All of these substancesare found in greaterconcentrationson the inflorescence
(reproductiveareas)hanin leavesandare,therefore,in higherconcentrationsn the

female plants (Pate, 1999). It would be fair to assumethat all these defence
mechanismgrotectthe long-term survival of the generain so far as they ensure
fertilisation and seed(the scientifically correctterm being a fruit or nut; Bocsaand
Karus,1998)production.Giventhesefactsthe mainimplicationfor this thesisis that

cultivarsselectedor their ability to producefibre and seedin a temperateclimate
would adaptto both equatorialandtropical biomesby increasingtheir cannabinoid
and terpene content. This processof adaptationcould be enhancedgreatly by

crossingtemperatevarietiessuch as hemp with indigenousecotypesof Cannabis.
While the concludingchapterwill considerin moredetailthe surroundingissues,de

Meijer (1999;p149)arguedhat,

O(d)omesticatedirug strains and truly wild populations may be an
important source of novel allelesfor various future breeding aims, including
fibre hemp breeding.O

The Europeanor temperatecultivar, Ohemp@&tlaptsto much the sameclimate as
wheat,requiringan annualrainfall of about0.65 m. Equatorialandtropical cultivars
do havemechanismso copewith desiccatior(seeabove).However,given that most
researclinto crop physiologyhasbeenocatedin temperatdatitudes,it follows that

the cultivarsusedareselectedprimarily for their fibre andto a les®r extentOseedO



content.Againthe end-us€in conjunctionwith cultivar)determinewvariablessuchas
crop densities,sowing date, and harvestdate which in turn effects dry matter
productionb this being proportionalto PhotosyntheticallyActive Radiaton (PAR)
(vanderWerf; 1999).In idealconditions dry yield (Y) = L v RUE ¥ HIY. For the
purpose®f thiswork it is necessaryo countthe entireplant in this equationaswe
areinterestedn thetotal or grossrate of photosynthesi# relationto total biomass
rather than (just) dry product of economicvalue, although this is important.
Essentiallythis is becausdotal sequestratiorof atmosphericcarboncan only be

establishedby consideringhe entireplant or total biomasgroduction(TBP).

Density of planted seedis a critical factor (along with sowing date, seebelow) in
establishingcanopyformationandthereforebiomassper ha'.*®* For example when
the samecultivaris planted,all otherfactorsbeingequal at differentdensitiesi.e. 120
m2and50 m? the respectiveyields would be around15 t/ha' and 20 t/ha’ (van der
Werf et al; 1999, p95). This again, however,representshe economicallyvaluable
matter.Dueto self-thinningat higherdensitieghe amountof mattersubjectto biotic
and abiotic decompositionis severelyunderestimated.Van der Werf et al (1999)

considerghis (economicallywasted)biomasgo bearound3 t/ha.

Densitiesalso vary considerablybetweencrops grown for seed® (4/m?) and fibre
(100/m?)(Clarke;1999,p2) andcanvary anywherebetween4-30 plantsper m? for
seedand 50-750 plants per m? for stem/fibreproduction(Ranalli; 1999, p67). A
fibre crop, with atypical dry stemyield of 15 t/ha (60-70 percentof total biomass)
hasothercomponent®f roots (10 percent)andleaves20 percent)which represents

the total biomassthat would also include seeds(5-15 percent)if left to flower

L equals the amount dight intercepted during a growing season. RUE ig#utation use

efficiency (the amount of dry matter produced per unit of light intercepted), and Hihsithest

index - the proportion of total dry matter consisting of plant parts of economic value (van der Werf et
al, 1999, p88).

® Ha is the abbreviation for hectare, this being equal to 2.471 acreSymbol OtO refers to tons.



(Ranalli,1999). Total biomassproductionof this typical (fibre) crop would then be
about20t/ha,increasingo around23 t/hawhenaccountingor self-thinning®.

Theroot system(10 percentof TBP) is alsoecologicallyimportantasthis canalso
help to preventsoil erosion.Cannabinaceaprimary root canreachdepthsof up to
2.5 metresalthoughthis dependson severalfadors including cultivar, ecotypeand

soil quality (BocsaandKarus,1998).

Radiationuse efficiency (RUE) increasedramaticallywhen the crop canopy is
formedwhich dependsalsoon the dateof sowing. For temperatecultivars (hemp),
sowingcanoccureaty (March) in the growing seasonas the seedlingsare ableto
withstanda short frost of up to B 8;j to B10j C (van der Werf et al; 1999, p90).
Thus, early plantingusinglateflowering cultivarsfor fibre productionin a temperate
climatewill increas the RUE andwill in turn increasethe total biomass(dry stem
yields up to 18 t/ha; van der Werf, 1999) before harvesting.The optimum rate of
plantingfor suchcultivarsfor obtaining(maximum)dry stemyield is around90 per

m? (Ranalli, 1999).

2.2 Cannabisand climate change

Like all greenplantsandagriculturalcropsthereis, for Cannabisa delicatebalance
for photosyntheticpotential, increasedlevels of atmosphericcarbondioxide and
variationsin other plant assimilatesThis is madeevenmore salientin terms of the
interplaybetweerbiosphereandatmospherastherearelinks andinterplay between
every aspect,an ideareinforcedin the introduction when consideringthe OGaia

HypothesisOincreasedC0, and increasedtemperatureimpact on every possible

“The lower seedingratescharacteristiof seedproductionwould meanlater canopyclosureand a
lower initial primary biomassproductioncounterednly by the fact that therewould be less self-
thinning of the cropdueto lesscompetitionfor PAR (Ranalli; 1999).

% self-thinning has environmentally beneficial aspects for agriculture as canopy formation of
the Cannabis crop develops, old growth (leaves, which are high in Nitrogen) die and so
perform a self- mulching function, creating in effect a mini-ecosystem fertilising the soil,
preventing soil erosion and run-off (Roulac, 1997).



variablethat plantsrequirefor growth, asthis sectionwill explore.In addition, the
ability for any crop (or indeedagricultural practice)to contribute towardsclimate
changemitigation will dependon the extentof total benefitsratherthan simply the
amount of atmospheric carbon that can be converted into biomass during
photosynthesi®theseaspectgorm the focus of the following sectionsandchapter

three.

Since all plants require carbon dioxide (C0,) for growth there are feedback
mechanismsf climatechangenvhich mearthat underenhancedC0, conditionsplants
will in theorybenefitin terms of greateryields (Leemanset al; 1996). Weerakoon
(1999)experimentedvith riceseedlingsyhich like Cannabiss a C; crop, andfound
thatin controlledenvironmentsvith atmosphericarbonof 895ppmv(well abovethe
X2 CO, or Obusiness-as-ususténariousedby the IPCC, 1996b) photosynthesis
increasedy 50 per centandbiomasswas also significantly enhancedHowever, it
would be prematureto draw conclusionsfrom such work as environmentsvary
considerablyin termsof precipitationandsoil quality, aspectqto namebut a few)
clearly missingfrom the controlledenvironmentof a laboratory. As most climate
changemodelsoperateat X2 atmasphericcarbonb ascomparedo the 280ppmvin
1700, which is now at a 1.5ppmv per annum increaseover the 1994 level of
360ppmv(Houghton;1994) B it follows that work concerningthe adaptationof

plantsalsousethis baselineor Obusiness-as-usisiénéo.

Accordingto BazzazandSombroek(1996) the biomassproductionof C; plantswill
increaseby roughly 30 per centin conditionsof X2 atmosphericcarbonprovided
other factors remain constant. At present(given that we are at approximately
369ppmv)this 30 per centcanbereducedo aroundl0 per cent.Sincebiomasss the
resultingproductof the photosyntheticonversiorof atmosphericcarbon,the most
accurateway to establishcarbonuptakeis to examinethe productivity rate of

Cannabisn termsof total biomasgroduction(TBP). From the datain section2.1 a



figure of around(TBP) 23t/hacan be assumedHowever, there existslittle datato
verify anexactfigure for the amountof carbonsequestereduring photosynthesis
and estimatesrange betwea half (Houghton,1997) and one third of TBP (Geof
Kime, Hemplinelnc., personacommunication1999).Thus it could be assumedhat
aroundl1.5t/C0, per hais sequestereif half of TPB or 7.6t/haif onethird giving an
averageof 9.5t CO, per ha.



Assumingncreasediomassasa resultof the CO, fertilisation effectwould increase
this figure (at todayOstmosphericcarbonlevel, see above) by approximately 10
percent.This howeveris tenuousgiventhe possibility of negativefeedbackgo offset
such advantagesby for example decreasingwater use efficiency (Bazzaz and
Sombroek,1996). The CO? fertilisation effect is not thereforeaccountedor in the
energycalculations- whereper/hayields of Cannabidorm a key variable- given in

chapterthree.

It is apparenfrom this sectionthat there are many physiologicaland phenotypic
factorsthat would serveto makeCannabigesilientto climate change.For instance,
the ability to adaptto dry conditionsandthe possibility that Cannabiscouldretain
its water use efficiency under such conditionswould enablethe plant to take full

advantageof the OfertilisatioreffectOof increasedatmosphericcarbon.As yet no

researcthasbeenconductedo elaboratamorefully on this possibility. In addition
manyfurtheradvantagesouldbederivedfrom the substantialgenepool of Cannabis
in termsof climate changeadaptationjncreasingthe sustainabilityof agricultureand
(moregenerally)for specificeconomicuses. The nextsectionwill elaboraten some
detail how the Physiology of Cannabistranslatesinto an array of economically

significantend-uses.



2.3Economicproductivity of Cannabis

2.3.0Seed

Thus far mentionof the CannabisOseed@as beenin the generalcontextof overall
biomasgroductionor yield. However,one of the importantaspectsf this plant is
that althoughreferredo asseedwhichtechnicallyspeakingt is), the Cannabigplant
actuallyproducesanOachene€¥ruit.?* In the contextof a world agriculturalsystem
that, sincethe so-céled OGreeRevolution®f the 19600sasseenmassiveincreases
in the production of protein deficient and chemical dependentcereal crops, the
introduction of Cannabisinto agricultural systemscould representa return of
sustainablglant basedprotein Accordingto researcli{Pate,1999),the achene(nut
or fruit) contains20-25per centprotein, 20-30 percentcarbohydratesnd 10-15 per
centinsolublefibre, 25-30per centoil as well as a rich variety of minerals.These
include phosphorus,potassium,magnesium,sulphur, and calcium with modest

amountsof iron andzinc %

Cannabischenas thereforeavery usefulandeasily digestible food sourcefor both
humansand animals (Pate, 1999). Particular benefit could accrueto domesticated
ruminants (cattle) whose diet are quite poor and results in the emissionof a
substantiaproportionof methandapervasiveandsignificant GHG, seesection1.0)
(IPCC, 1996b,p757). Researchnto the role of Cannabisin this areaof climate
changemitigation could therdore have many positive implications. Food or Oseed
cake@s obtainedby either Ocoldpressing®@r using higher temperaturetechniques

whichremoveagreatempercentagef the oil (Pate;1999).This dependdsargelyon the

#' Cannabis seed contains negligible trace quantities of the psychoactive substance THC (Pate; 1999,
246)

B Zinc is animportantenzymecofactorfor humanfatty acid metabolism.t is also a fair sourceof

carotenea OVitaminAOprecursorand is a potentially important contribuor of dietary fiberENo

othersingle plant sourceoffersa more favourablehumandietary balanceof the two essentialfatty

acids,combinedwith aneasilydigestiblecompleteproteinO(Pate;1999, pp243-252)



use and marketfor which the food is destinedi.e. animal feed, oil production or

humanconsumption.



Yield of oil is equako around33 per centof seedweight (Geof Kime, Hemplinelnc,
personalcommunication;1999) so at a yield of approximately 1350 kg/h&® we
would expectaround450 kg/haof oil. This oil is a valuablecommodityasit canbe
usedto many ends(summarisedn section2.4) including fuel oil (Kerosenedirectly

displacechempoil asasourceof lighting fuel, Clarke,1999)for motorvehicles.

2.3.1Stem

As thereademwil| beawarefrom previoussectionsCannabigin particularthe Sativa
L generab Ohemp®asbeenreferredio asa OfibrecropO There are severalusesto
whichthis fibre canbe put dependingpn the contentof the stemwhich is determined
by cultivar,dewelopmentstage(age)of the plant (Ranalli, 1999) andalsoappeargo
beaffectedby plant density(vanderWerf, 1999).Broadly speakingthe stemcanbe
split into two (consistent)componentsof bark and core, which differ in their
chemicalcomposition.For example,in an Italian cultivar, bark (or bast, contains
primaryandsecondaryibres)contained7 % cellulose,13 % hemicelluloseand4 %
lignin while the Core (OwoodycoreQor shives) contained38 % cellulose, 31 %
hemicelluloseand18 % lignin (Ranalli, 1999, p72). Thus todaythereexisttwo main
usesfor this crop basedon these componentsfor the paper pulp and textiles
industries the chemicalcompositionbeinga very importantfactor. In fact, the yield
of pulp correspondslirectly with the cdlulose andhemicellulosecontentof the fibre
(de Grootet al, 1999;Biermann,1993). This chapterwill alsoexplorethe potential
use of both of these componentsfor biofuel (i.e. cellulosic derived ethanol)

production.

2 Qith the presgntnonoeciousandunisexuah/arietiesa potentialseedyield of 1200to 1500 Kg/ha
canbeachieved@Bocsa;1999, p179)In additionanon-branchinglioeciousvarietygrownin Finland
(FIN-314)hasproducedecordyields of 2 t/ha (Pate 1999).



2.3.2Bastfibre (primary and secondary)

This particular componentis best suited as a raw material in the manufactureof
paperand/ortextiles(20 percentof total stem fibre; Ranalli, 1999) due to the low
lignin®* contentand lengthof the fibres (Primary fibres 5-40mm, secondarybast
fibres areuniformly about2mm) (Ranalli, 1999). The ultimate fibre cells for textile
manufactureangefrom 5-55mmandhaveanaveragdengthof 20mm(Ranalli, 1999).
A low lignin content has other environmental benefits given that wood pulp
processegboth soft and hard) involve the chemicalremoval of lignin. Pulp from
hemp(bast)canthereforebecharacterisedsanon-woodpulp (deGrootet al, 1999).
In addition,long fibresaddto the strengthof paperandthe yield in chemicalpulping
correspondso the cellulosecontent(seeabove)of the raw material(Ranalli, 1999;de

Grootetal, 1999;Biermann,1993).

2.3.3Woody core

These(core)fibresaccountor 65 percentof the stemweight (de Groot, et al, 1999).
Unlike mostannualfibre cropsthat must be treatedas straw (usingthis raw material
in the pulp processnvolveseffluenttreatmentto removesilica), hemp has a Overy
low silica content@de Groot, et al, 1999).In addition,the compositionof the woody
coreis both botanicallyand chemicaly comparabléo hardwood(de Groot, et al,
1999). It as arguedthat future technological developmentscould lead to this
componentbeing a Ovaluablpaperfeed stockOn low pollution pulping systems

(alkalineprocessessearounds0 percentlessenergy)de Groot, et al, 1999).

* Lignin content is especially significant for pulp paper manufacture as it interferes with hydrogen
bonding and so negatively effects paper strength and polluting effluents are produced in the removal
of lignin leading to lower yields of pulp due to the chemicals degrading effects on hemicelluloses
(Biermann, 1993).



Accordingto the IPCC (1996b),thereexistseverahdvantagesf usingbiomassn the
energysectormnot leastbecausehesecanbe usedto offset and/orsubstitutedirectly
for fossil fuels therebyreducingemissionsof GHGs and sequestrateCO, via the
processof photosynthesisMoreover, biomassis a generalterm covering a large
degreeof diversity andchemicalcompositionin termsof plant matter which are of

variable significanceas a raw material or feedstockfor the energy (and transport)
sector.The IPCC (1996b)considethat the typesof biomassmost suitablefor these
applicationsn the contextof climate changemitigation arefast-growinghardwoods
Hemp or other cultivarsof Cannabisarethereforeperfectly placedto be utilised in

this areagiven the plants chemicalcompositionand additionalagricultural benefits.
Moreover, there existsat presentmuch of the technologyto translatethis into a
pragmaticclimate changemitigation option with higher energyefficiency and lower

unit capitalcosts(IPCC,1996b)? This is especiallysignificantgiventhat,

OBekkering($992) analysis of future global trends in greenhousegas
emissionshas shown that reducing emissionsfrom fossil fuels will have the
greatesteffect on atmospheric carbon concentrations between1990and 2100.0
(Adger and Brown; 1994,p229)

The following diagramoutlinesonly a few of the possibleusesto which Cannabis
couldbe put. It shouldbe noted that many of theseusesarein commodity areas
wherefossi fuels and petrochemicalsirepredominatelyutilised. It is essentiatthat
moreresearctbedirectedat this crop specifically for itOsuseas a biofuel. According
to apapermublishedin BiomassandBioenergy(Vol.15) @ssesindghe Ecological and
Economicsustainability of Energy CropsO which considersthe viability of nine

possiblebiomassontender® via comprehensivéife cycle assessmentsjarjoleine

* |PPC refers specifically to the biomass-producer gas-engine and the more advanced but available
biomass integrated gasifier/gas turbine or BIG/GT (IPCC, 1996b, p606). This and other mitigation
options pertaining to the biomass potential of Cannabis in the energy and transport sectors will be
elaborated upon in chapter three where other key variables such as land-use/availability will be
accounted for.

* These include Rape seed, Sugar beet, Winter wheat, Silage maize, Hemp, Miscanthus, Poplar,
Willow and Grass fallow.



etal (1998, p351) concludethat, Ohemmomesout as one of the best options for

energy croppingO.



2.4Modern usesfor Cannabis.
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Adaptedfrom a diagrampresentedby Roulac(1997). Ratherthan being a comprehensivediagram,
this servessolely to demonstratéhe diversity of productand usefor which Cannabiscanbe put. In
addition,the possibleability for the OwoodygoreCr Hurds/shiveso be usedfor energyapplications

hasnot beenconsideredh this diagram.




2.5 Chapter two: Cannabis Summary

h LargeC. genepool: wide selectiorof genotypesndphenotypesi.e.desiccation
andfrosttolerance)

h fastgrowingannuakrop.

h extractssignificantquantitiesof heavymetalsfrom soil.

h longtaproot, up to 2.5 metreshelpspreventsoil erosim

h requiresmodest(organic)fertilisationandnearzerochemicalfertilisation.

h ideally suitedfor integrationinto environmentallysound(i.e. organic)agricultural
practices.

h increasegield of the proceedingrop in rotationcycleby up to 10 percent.

h grossprimary biomassncrementsip to 23t/ha.

h CO, sequestratiomangebetween7.6tC/haand11.5tC/ha.

h perfectsubstitutefor cotton, requiredesschemicalinputs.

h suitedto pulp papemanufacturebastprimaryandsecondaryibreslow lignin

high cellulosecontent.

h chemicalcompositionof woody corecomparabléo hardwood,

h potentialasabiomasdeed-stockor energyandtransportatiorapplications.

h alsohasthe potentialto beavaluablefood sourceof plant protein.






Chapter three: Climate change mitigation potential

3.0Introduction

Thusfar, we haveexaminedolicy alternativedor climate changemitigationandasa
result have examinedthe characteristicof a specific form of biomas$’ and the
potentialcontributionit couldmaketo climatechangemitigation within the industrial
areasof agricultureand energy.This chapterwill elaborateon this information by
examining (theoretically)the climate changemitigation potential arising out of the
utilisation of Cannabisfor industrial purposeswhile consideringtwo of the key

variablesinvolvedbland-useandlandavailability.

Thereis to date no comprehensivehaccuratedata regardingglobal land use and
thereforeland availability that could be usedin for example,a Odedicatediofuel
programme(@PCC, 1996b).Despitethis problem,muchof the analysesdonein this

areauseFAOQO land-useassessmentghich areconsideredo be mostaccuratg|PCC,
1996b)andprovidereasonablestimatef land use/availability. Thesewill therefore
be drawnupon in this chapter.By expandingon the work carriedout by the IPCC
and othersin conjunctionwith the data/informationfrom chaptertwo it will be
arguedthat Cannabisultivationhasthe potentialto achevethe objectivessetout in

sectionl.3.

" Biomass utilisation (for atmospheric carbon sequestration and energy applications) having the
greatest mitigation potential of the said options according to the IPCC.



3.1Land-use

As adeterminingvariable land-usds sensitiveto many socio-politicalconsiderations
and differs regionally accordingto factors suchas demographicsyequirementsor
agriculturallandandthe managemenf agriculturalland. For example,someanalysis
(IPCC,1996b)considetthat intensiveagriculturalpracticesn the EU will leadto 15-
20 Mha?® of good agricultural land being surplusto requirementby 2010 (IPCC,
1996b, p755)% On the other hard, this situationis unlikely to occurin tropical
regions as only half of land-use conversions(i.e. from forests to agriculture)
contributeto an increasein agricultural productivity. The other half, Oisused to
replacepreviously cultivated land that has been degradedand abandonedrom
production@IPCC, 1996b, p749). This type of (inefficient) land-useconversion
contributesas a significant source of atmosphericcarbon (1.5Gt/peryear or 13
percentof total at 1990 emissionlevels) which could be renedied by increasing
carbonstoragen managedi.e. agricultural)® or forestedsoils.

Thereis, however,a finite possibility for reforestationto occurgiven that adequate
suppliesof food, fibre and energymust be obtainedfrom the remainingarea.This is
only deemedpossiblein the EU and US dueto intensivefarming methods(IPCC,
1996b).Sincethesemethodscontributesignificantlyto climate changeand will also
be affectedby climate change(eitherdirectly or via mitigation policy), it would be
highly undesirableto even consideran increase(globally) of standardintensive
farming methodsgiven their limitations of sustainability. Moreover, it would be
advantageoufor climate changemitigation policy to considerand addresshow the

intensive agriaultural (and consumer)practices in temperate regions could be

*® Mha refers to million hectares.

*LLehman et al (1996) calculate that there will be a surplus of agricultural land in the EU of
40Mha by 2010 and took into account strict environmental constraints on agriculture and
aspects like the import of agricultural products

¥ These practices include theeventionof low production levels, erosion, inadequate fertilisation,
removal of crop residues, and intensive tillage (IPCC, 1996b).



rationalisedand/or alteredin order to promote (more) sustainableagriculture in
conjunctionwith climatechangeamitigationpolicy (IPCC,1996Db).

3.2Land availability for biofuel/energycrops

Contraryto popularbeliefthereis morethanenoughavailablecroplandto satisfythe
WorldOsapidly growing population.Takinginto accountthe unsuitability of some
soils andterrain,the FAO considerghereto be 3000Mhaof potential cropland of
which only about 50 percentis at presentcultivated (around 1450Mha)(IPCC,
1996b,p809).1n light of this, many of the analyseqe.g.Hall et al, 1994andIPCC,
1996b) that considerbetween10 and 15 percentof total global croplandto be
availablefor biomasscultivationfor energyrequirementgorm reasonableand modest
assumptionsAlthough it must be pointed out that this figure doesnot allow for
variations between geographic area according to, for instance, socio-political

circumstances.

In temperate zones estimate®f availablecroplandrangebetween8 and 11 percent
(or 26-73Mha), while for tropical zones with a generally higher demand for

agricultural land (food requirements)this figure is reducedto 5-7 percent(or 41-

57Mha) (IPCC, 1996b, p755) The cropland area available when temperate
Oshelterbelta@dtropical Oagroforestrafeincludedadds13-26Mha and 41-65Mha
respectively (IPCC, 1996b, p755). In terms of actual land area, these figures
correspondo those(above)of the FAO (1991)cited by IPCC (1996b)3!

This datacanbe extrapolatedo give atotal meancroplandavailability of 171Mha
globally, marginallymorethanthe 10 percentfigure givenby Hall et al (1994)for the

potential cropland they consideredavailable specifically for energy biomass

' When accounting for a small margin of error, these figures broadly agree with Hall et alOs

assumption that between 10-15 percent cropland is available for energy crops. According to the FAO
data (in the context of Hall et alOs study we assume 10 percent availability) a total cropland area of
145Mha would exist, so the 171Mha (based on the above data) used in this example is a reasonable

estimate.



cultivation. There is also the strong possibility that this could be increased
substantiallyby using someof the worldOdand that has beendegradedas part of a

bio-remediation/reclamatioprogramme



Accordingto the World Resourcednstitute (IPCC, 1996b) there exist 750Mha of
Olight10Mhaof Omoderatefhd 310Mhaof Oseverelyf@gradedand, the most
promisebeingin the formerarea(lPCC, 1996b).Someestimatesonsiderthis to be
ashighas2100Mha,30 percentof whichis consideredio besuitablefor reforestation
or energycrop applications(IPCC, 1996b,p604). This fact is especiallysignificant
for tropicalregionsasthe 5-7 percentof croplandavailablefor energycropscouldbe
dramaticallyenhancedising degradedagriculturalland. Given the dataregardingthe
physiologicalcharacteristicef industrial Cannabigseechapter2, section2.1) there
would appearto bemanyadvantages usingCannabisropsfor the rehabilitationof
degradedand,althoughthis remainsat atheoeticallevel giventhe lackof dataon this

topic.

Other than utilising degradedandfor energycrops,a key argumentof this thesisis
that a substantial proportion of (currently used or technically OQunavailableQ)
agricultural cropland could also suppot Cannabiscultivation as a multipurpose
energycrop. This involvesthe integrationof Cannabisnto sustainablesystemsof
rotationthat - asthe reademwill by now be aware- Cannabigs well suitedto. The
possibility of doing so will be exploredbelow and shouldin theory confer several
additionalenvironmentahndeconomidbenefitsto climatechangemitigation policy in
line with the recommendation®f both the Conventionand IPCC, 1990, 1996a,
1996b.

The following two sections/exampleservethe sole purposeof demonstratinghe
potentialimpact that Cannabisultivation could havein relationto a climate change
mitigation strategy in the EU andthen goeson to considera simplified exampleof
Cannabisas a multipurposesourceof biomassfor climate changemitigation at the
globallevel. This exampleconsiderghe possibilitiesfor climate changein a scenario
whereCannabiss integratedas an agriculturalrotation crop andalsotakeson board

the possibilitiesrelatingto landrehabilitationin corjunctionwith energyand paper



productionat the global level. Statistically,thesesectionsoperatein the contextof
carboremissiordatapertainingto 1990.

3.3Cannabis: energycrop for climate changemitigation (EU)

Hall et al (1994) considerit feasiblethat 10 percentof the total cropland,including
that usedfor commercialforestry could be usedfor energycrops. This assumption
meansabout38Mhafor Europeasa whole and approximatelyl5Mha for the EU.
Giventhat thereis adequatelatafor EU erergy use, it is this last figure that shallbe
concentratedn. Dataregardingthe potential dry massyield of Cannabigstem)was
aroundl5-20tons per hectarewhich canbe averagedat around17.5t/ha.Using Hall
et al0s(1994) data suggesting18Gj/ton (GJ = 10°) heating value for woody
biomas#, 15Mhaof Cannabisould produce2.6 percent( or 4.73EJ,whereEJ =
10*) of the EU energyrequirementlf Cannabisveregrownin rotation with threeof
the EUOsgmainarablecrops(wheat, barley and potatoesYhe land areaincreasesy

28.6Mha(OECD, 1997)giving atotal areaof 43.6Mha.

This would mearthat 7.6 percent(or 13.73EJ¥ of the total EU energyrequirement
could be producedusing the industrial cultivation of cannabiswhile benefitingthe
soil** and, therefore the cropsfollowing from it in the rotation cycle. Moreover,
consideringthat oil accountsfor around40 percent of the EU primary energy
requirementnd1527.2Mtof EU CO, emissions(OECD, 1997),if Cannabiswvere
usedto directly replace(propotionally) hydrocarbonoil this particularexamplehas

the potential to offset around 972Mt of atmosphericcarbon emitted from oil

*The heating value is calculated from the short rotation grass, Miscanthus and short rotation coppice
such as Willow (Faaij et al, 1997) at 18Gj/ton and 17.5t/ha for Cannabis energy per ha is equal to
315G;j. Industrial hemp, (Cannabis Sativa), could perhaps have a higher heating value given the
woody coreOs chemical and botanical comparability to hardwood but due to a lack of data, the same
heating value has been attributed.

¥ EJ = exo-joules, or Joules x'10

¥ See chapter two, section 2.1.

% Calculated using thital biomass yield of 23t/ha at an average uptake of between one half and one
third of this total (estimate sequestration of 9.58 tC02/ha), as discussed in chapter two.



consumptionand could sequesteup to a further 417.7Mt CO, via photosynthesis

in biomass®




3.4 Global implications

Consideringthe abovedataon land-useand availability, the global potential for this
particularmitigation option is substantial For example,using the samestatisticson
whichthe previousexamplewas basedtaking 10-15 percentcroplandto be available
(i.e. 171Mha) globally for energycrop applications,the use of Cannabiscould
generatearound54EJor 20 percentof global primary energyrequirement(as at
1990). Translatednto emissionsthis would reduceglobal CO, emissionsfrom its
1990level of 6Gt per annumfrom fossil fuel combustiorby 1.2 Gt andsequestéef a
further 1.64Gt/CO, perannum Of fundamentasignificances the fact that according
to the IPCC andotherstherewas(in 1990)in total (i.e.includesland useconversions
and emissions)a 3.3Gt shortfall in terrestrialand oceanicsequestrationThis was
equivalento a 1.5ppmvCO, annualincreasen atmosphericcarbonthat could have
beerreducedy 86 percentor 1.29ppmvusingthe additionalbiomasscalculatedfor
in this examplethus gang someway towardsstabilisingCO, emissionst their 1990

levelsin line with the requirementsf the Convention(seechapterone).

It is estimatedhat globalconsumptionof energy(expresseéh EJ) will increasefrom
the global meanof 270EJ(1990)to around491EJby 20253 Much of this will be
due to the increasing energy demandsof developing countries (IPCC, 1996b).
Moreover, a Obusiness-as-usual@nariowill see growing pressureson natural
forestsfor the globalconsumptiornof paper(seesecton 1.3 para4-5) andagricultural
land,especiallyin the tropics.This sectionwill thereforeexaminethe possibleimpact
of cultivating industrial Cannabisto mitigate these problemsin the context of

fulfilling the UNFCCC andIPCC policy recommendatics

% On the basis of ®tal biomass increment of 23t/ha for Cannabis (see chapter two). Figures are

based on 1990 levels of emissions and energy use, mean energy use being 270EJ and total emissions
from fossil fuels being 6Gt (IPCC, 1996b).

**This estimate is derived from calculating mean energy use based on the projections of the IPCC
(1996b, p14).



The internationalcultivation of Cannabisas both renewableenergy source and
fibre/seedcrop would dependon the regional circumstancesAn ideal scenariofor

instancewould meancrop productionsatisfiedlocal needsand/ormarkets(entailing
local processingyvith cultivarscomplementaryto the local environmentndclimate.
However,muchof this remainsat atheoreticalevel asthe majority of plant breeding
for fibre contenthasbeenin temperateregionsand very little (if any) researchhas
beencarriedout in tropical (or sub-tropicaland boreal)regionswith thesecultivars.
While section3.3 outlinedthe possibleimpact of industrial Cannabiscultivation on
EU croplanddeemedsuitable/feasibldéor energycropsandin a situationof rotation
agriculture,it is possibleto determinghe impactwhenin rotation, for example, with

wheat® cropsat the globallevel.

In addition,allowancesanbe maderegardingthe areaof land categorisedas degraded
but deemedsuitablefor reforestationor energycrop applications(seesection3.2).
Consideringthesefactorsincreaseshe potentially availableland® to approximately
1097Mhaglobally. Usingthe primary datafrom section3.0, if total (stem)biomass
is usedfor energypurposeshis would create346E] of energy representinga 76EJ
or 28 percentincreaseoverthe meanglobal consumptionof energyin 1990which is
equivalento total global energyconsumptionin 2002 While this would be highly
desirabldor climatechangemitigationit is an extremelyunlikely outcome at leastin
the short term. However,if (asindeedwe are) consideringthe multipurposeuse of
Cannabishiomassin a mitigation programme,such an areaof land presentanany

additionalopportunitiedor carbonsequestration.

¥ The reason why only wheat crops have been selected is primarily logistical and serves to provide a
simplified but global example of the benefits resulting from Cannabis in rotation systems for
agriculture and climate change mitigation. The more crops Cannabis could be rotated with the greater
climate mitigation potential for this thesis and - based on the information in chapter two - the more
sustainable the respective agricultural systems.

¥ Globally, the data for areas of Olight degradation® suitable for energy crops is 720Mha. The land
area harvested for wheat according to the FAO (1995) is around 216Mha. These figures have therefore



been added to the 171Mha of cropland assumed viable for such a project from the data provided by
Hall et al, 1994 and IPCC, 1996b.



Not leastof theseis the potentialcontributionthis couldmaketo the pulp andpaper
industries Basedon the chemicalcompositionof Cannabisaround35 percentof the
stem weight is suitable for non-wood (i.e. low lignin, high cellulose) paper
production.In the presentglobal (statistical) context,this translatesnto about 7Gt

of raw material suited for paperapplications® Plantationscurrently provide only

370 million m* or 25 percentof the worlds industrial round wood (FAO, 2000)
implying that the other75 percentis metthroughthe destructionof naturalor semi-
naturalforests.In addition,manyof theseplantations(especiallyin south EastAsia,
seesectionl.3) havedirectly displacednaturalforestsin orderto offset the initial

costsof plantationforestry, a problemthat Cannabisultivation throughagricultural

rotationandlandrehabilitationcouldpotentiallysolve.

Moreover,astudyof land-usen the US estimatedhat in a situation whereindustrial
hemp (CannabisSativaL.) was usedto replace pulp log production, the land
requiredor the sameproduction(output)levelwasonly 10 percentof that currently
used(Aldenetal, 1998)f*. Again this hasmany positive implicationswhereCannabis
is integratedinto sustainablesystemsof rotation agriculture and as such more

researclis urgentlyrequiredn this area.

* Since statistics dealing with plantation yields for industrial round-wood consumption deal

primarily in volume (n}) (FAO, 2000) there are problems in terms of quantifying this amount to

make the data more relevant.

*! Unfortunately, this study left out some of the primary data that would have been extremely relevant
for this thesis such as yield per/ha of pulp log and hemp production in the context of land-use
minimisation.



Remainingwith this dual function (i.e. splitting Cannabisaccordingto chemical
compositionfor paperand energyapplications),around13Gt (65 percentof stem
OwoodyoreOpf hardwood material B suitablefor energyapplicationsp could be
producedusing the land availablein this example (1097Mha). At 18Gj/t (heating
value)this impliesthat approximately225EJ(83 percentat 1990levels)of the world
energyprimaryenergycouldbemetin a sustainablevay while mitigating someof the
problemsbroughtaboutby changingland-useanddeforestationfor industrial (pulp
paper) purposes.Sequestratiorof atmosphericcarbonis also significant for this

particularexample.

Using the total biomassincrementof Cannabis(see chapter two) the potential

sequestratioffor this examplds aroundl10.51Gtof atmosphericarbon!*?

Obviously, geo-engineeringat this level would requirea considerableamount of
researchlt couldbe suggestedfor instance that flora and faunawill havealready
begunaprocessf climatechangeadaptatiorandany changeshouldbe gradual. This
howeverremainstheoreticalas the current rate at which carbonis addedto the
atmospherds proportionally large®® We have, as discussedjncreasedevels from
270ppmvto over360ppmvin the lastthreecenturiesAt the aforementionedevel of
sequestrationia Cannabigultivation, it would only take around19 yearsto reduce
levelsto those of 1750, not accountingfor cortinuing global increasesin CO,

emission®verthe nextcentury.

* This figureis basedonly on the amountof atmosphericarbonsequestereduring photosynthesis
anddoesnot includethe sequestrationf carbonstoredin the conversionof (degraded)and backto
agricultureanddoesnot accounfor the additionalsequestratiofrom terrestrialsinks suchas natural
forestspreservedrom the pulp log market.It must also be pointed out that this figure does not
accounfor the atmosphericarbonemissionsfrom the utilisation of biomassas an energyfeedstock
asthereis no availabledata. However, as section 3.5 examines,emissionsfrom biomassenergy
would be considerablyowerthanthosefrom fossil fuelsb ethanol,for example producedwo percent
of thelife cycleemissionf fossil fuelsin transportapplicationgIPCC,1996b).

*® This is in comparison to the sensitivity of plants to climate change. According to the IPCC
(1996b), fluctuations of as little as one degree Celsius could threaten some species survival.






3.5Commercial applications

3.5.0energyand transport

In 1990, the shareof global energyconsumptionin the transportsectorwas around
63EJ, equivalentto 1.4Gt of atmosphericcarbon emissions (where the total
emissionsequal 6Gt/CO, from 270EJ of global primary energy consumption).
Transportand energyform the basic primary sourcesof carbon emissions.By
changingthe feedstock(raw materials)of theseindustries (using severalexiging
technologies)rom hydrocarbonsto carbohydratesn the form of biomassderived
cellulose(s),seriousadvantageso climate changeand general pollution mitigation

couldbeachieved.

The useof biomassin energyapplicationsdoesnot entail simply burning it. Rather
biomasscanbe usedasa feed-stockin gasificationprocessesvhich involvessteam-
reforminginto hydrogenor methanolpoth of which areperfectsubstitutedor fossil
fuelsandfar lesspolluting (IPCC, 1996b).In transportationfor instance the fuel cell
vehicles(FCVOsvhich utilise hydrogeraremorethantwice as efficientthan internal

combustiorenginevehicles(ICEVOsith similar performancélPCC, 1996b).

Another application of biomassto the energy and transportsectorsis in the
productionof ethanolespeciallyia enzymatichydrolysis)whichis most efficiently
derived from fast-growing hardwood, the chemical composition of which is
comparablgo the Owoodygore(f CannabisEvenwith comparativelylow yields
(12dt/ha/yr)comparedo Cannabisgthanolderivedfrom other woody feedstock(s)
(suchasWillow or Poplar)yield twice that of grains.In addition,ethanolcanbe used
in ICEVswith considerablyower life-cycle emissiongin gC/km)of around2 percent
of thosein ICEVs using reformulatedgasoline(IPCC, 1996b, p609). Clearly, the

utilisation of thesetechnologiesin conjunctionwith an energybiomassprogramme



would be a key factor in long-term climate changemitigation and generalpollution
abatement..

While it is easyto getcarriedawaywith the Otechnological-fix@,is worth bearingin
mindthat a substantiaproportionof the world energyrequirements alreadymet by
biomassn the form of firewood. Accordingto the World Bank, firewood accounts
for 35 percentof energysuppliesin developing countries (Jepma, 1995, p25).
Although at the global level plantationssupplement25 percentof the industrial
roundwoodmarkettheyonly contributearound4.5 percentto the fuel wood market
(FAO, 2000).It wouldtherefoe be pure speculationto assumean amountof natural
(and semi-natural¥orest preservationthat Cannabiscould potentially achieve by
supplyingthis market.Integrationinto rotation agriculturerepresents key variable
in realisingthe potentialfor Camabisasa (very) shortrotationindustrialfeedstockin

developingcountries Especiallygiventhat,

O(d)espitehe long term advantagesof reforestation a fundamental
guestionremains: how can people be motivated to invest time and labour in
caring for trees when they may not be any benefit for years?QGradwohl and
Greenberg; 1988,p178)

3.5.1Integration of Cannabisfor sustainableagriculture

If the theoreticalpropositionsof Alden et al (1998) concerningindustrial Cannabis
andlanduseminimisationcan be borneout in practicethen seriousbenefitscould
accruefor eventhe smallestlandowners/farmersThis benefitis doubledwhen the
environmentalbenefits of Cannabiscultivation are consideredin the agricultural
context.As a goal of sustanable developmentorganic farming is of fundamental
importance.Global food security doesnot just dependon the quantity of goods
producedThe way in which goodsare producedeffects,for example,the long-term
sustainabilityof soil systemslin addition it could be arguedthat quality alsohasa

dramatiampacton demand.









