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Abstract

Of the many options available for the sequestration dbocain greenhouse gas emissions, tree
planting is one of the simplest to understand and onéd#saintuitive public support. However, many
tree-planting projects for carbon sequestration aredyasxplicitly or implicitly, on the current
guidelines developed as part of the Kyoto Protocol. Tleisgmises that carbon is sequestered in trees
as they grow, but makes the assumption that when rées tare harvested all the carbon is
immediately released back into the atmosphere. Whileh saic assumption is logically and

scientifically invalid, it has been adopted for politieald administrative reasons.

The TreeSmart program ignores this assumption inkiyato Protocol, and develops a carbon
sequestration project based on harvested eucalypt plastafibis paper highlights the scientific
principles underpinning TreeSmart, which is shown to bleast three times more cost-effective in
sequestering carbon over the long term as the moreentomal plant-and-forget tree planting
schemes. The paper then shows the magnitude of greenhousmiga®ns in the transport sector
(cars, trucks, public transport and planes). Acting asrbddaPool organization, TreeSmart then links
the emissions in the transport sector with the sequiestriat the harvested plantation sector. The
paper demonstrates the feasibility of this approach, shb& benefits to the transport and harvested

plantation sectors and outlines some challenges fduthee.
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Background to TreeSmart

The TreeSmart project arose as a result of two somtedlibconnected activities. Firstly, the current
Directors of TreeSmart Australia had spent a combined ¢6t&0 years in the transport planning
field, where one of their major aims was to encouraemgple to drive their cars less, or at least more
wisely, so as to reduce the adverse environmental efédctaotoring. Secondly, as an ethical
superannuation investment, they had become involved in agstforin that field, they realised that
many agroforesters faced economic difficulties in faogdhe maintenance of their tree farms, after
having funded the initial establishment of the plantation.

With a foot in both camps, it was obvious (in hindsighgttthere was a way to join the two activities.
By using the trees of the agroforesters to sequester rcatioxide from the emissions of the

motorists, in exchange for a payment from the motdasthe agroforester, a mutually beneficial
exchange could take place. Importantly, TreeSmart coulg gutaimportant role as a Carbon Pool
Broker, by linking the motorists to the agroforestersl @ne versa, thus overcoming a major barrier

for the individual motorist and the individual agrofoesst

TreeSmart Australia Pty Ltd has been established tosaetGarbon Pool Broker, linking travellers to

agroforesters for the purpose of reducing greenhouse gasw@ation in the atmosphere.

Fundamental Concepts underpinning TreeSmart

TreeSmart is based on several fundamental conceptsanthptions:
= Greenhouse Gases and Global Warming are acknowledged envitahthesats
= Transport is a major contributor to Greenhouse Gas prioduct

= Some environmentally conscious travellers are willing ty fma reduce or remove their

contributions to Greenhouse Gas accumulation in thesghere
= Growing trees is one way to remove £dm the atmosphere
= Different forest management regimes can produce diffdesels of carbon sequestration

= Different business management regimes can produce Wfamedt levels of cost-effectiveness

in carbon sequestration via tree growing.

Why Harvested Plantations?

One of the assumptions in the Kyoto Protocol aboutocagequestration in plantations is that if the
plantation is harvested at some point in the futuem #il the carbon that has been sequestered during
the life of the plantation is immediately releasedkbmto the atmosphere. The credits that have been
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accrued during the life of the plantation must thendpaid. While re-planting the trees will allow
further sequestration in a new plantation, the sequiestrduring the initial plantation growth is
assumed to be forfeited upon harvesting of that plantafie a result of this assumption, plantations
developed for carbon sequestration purposes have therefoesalle been assumed to exist in
perpetuity, with no plans for harvesting.

While the Kyoto Protocol regulations for carbon trgdassume that all carbon is released back to the
environment at the moment of harvesting (primarily becadgbe current difficulties with auditing
the history of the timber once harvesting has takereplaed with allocating the sequestration to the
appropriate party in an international context), itl&sacthat carbon will continue to be sequestered for
as long as the timber product is in existence. For exardphkko POyry Consulting (1999) show that
many timber products have extended service life spans fraear3 Yfor paper and paper products) up
to 90 years (for timber used in house construction). Ximehes (2005) go even further and show
that carbon continues to be sequestered in timber prosedtsbeyond their service life spans,
depending on how the products are finally disposed of atrileof their service life. They conclude
that approximately 70% of the carbon from harvested log&ustralia is in equivalent long-term
storage in forest products.

Research conducted by TreeSmart (Richardson, 2005) has ghatvithere are several major
advantages of harvesting a plantation primarily desigmedarbon sequestration.

e By harvesting trees which have reached maturity (amt@fely stopped absorbing carbon
dioxide) and replacing them with a new planting of rapgtbwing younger trees, the total
sequestration can be increased over the long-term coanfpaleaving the original plantation
in place;

« By growing the trees for eventual harvesting as sawkggnificant proportion of the
carbon in the trees can continue to be sequesteredgdiled timber products (while the
next plantation of trees starts sequestering more canke new living trees);

« The wood not used for sawlogs (e.g. thinnings, prunings and oth@shand processing
residue) can be used as a fuel substitute, whereby wooddfiizigntly is substituted for
other fossil fuels. While the burning of the wood is carbeutral (since the growing trees
only recently sequestered the carbon that is now bekagsexl), the carbon that would have
been released from the fossil fuel (that is now mwobt) is now effectively sequestered for a
longer period of time. This is especially important ictdria, where most electricity is
generated by the burning of brown coal, which is a partigusagnificant source of CO
emissions. It has been estimated (Ximenes and Davies,, 20@d)he release of 1 tonne of
CO; by the burning of wood for power generation saves absub8nes of C@from being
released from brown coal for the production of the sameunt of electrical power;

« By having another incentive for growing the trees (i.bawest them), plantation owners are
more likely to take better care of the trees, and uaklentegular monitoring, resulting in
lower mortality rates and higher growth rates in tkeg;



« By having the sequestered carbon in more than one assévihg trees and timber
products) the sequestered carbon is better protected ftastrophic damage by fire and
other natural causes, by diversifying the portfolio of seqa&sh pools;

« The income derived from carbon sequestration is a valtatiléarm” income source for
many farmers;

e The encouragement of harvested eucalypt plantations pradaiternative source of
hardwood timbers, compared to native forests; and

« The income obtained from harvesting cross-subsidisesosts involved in planting for
sequestration, thereby improving the cost-effectiveneiseatarbon sequestration.

The results of the research are succinctly summairiselligure 1, which compares long-term
sequestration in perpetual (unharvested) forests and harvpktethtions. While unharvested
plantations initially sequester more carbon, becausg @he not subjected to a pruning and thinning
regime, they effectively stop sequestering carbon atewta30 years. On the other hand, the
sequestration in harvested plantations, and their $@arpeoducts, keeps increasing at an
approximately constant rate (with periodic fluctuatioss)long as the plantation continues to be

replanted after each harvest.
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Figure 1  Comparison of Unharvested and Harvested Plantation §eestration

Taking account of the costs and revenues of establishingnandging unharvested and harvested
plantations, and assuming that all costs, revenued Adfuestered carbon is subject to a common
economic discount rate (to recognise the fact thaiscosvenues and sequestrations that occur this
year are worth more that the same costs, revemeseguestrations occurring in 100 years time)
(Boscolo et al, 1998), it has been shown that (over ay&80 project lifetime) harvested plantations



absorb more C&than unharvested plantations and do so with a ctestteeness that is at least three
to four times greater than for an unharvested plantation.

How much Sequestration is Required?

If the objective of TreeSmart is to sequester emissibom transport operations by way of tree
planting, two obvious questions are how much sequestratiatd be needed and how many trees
would need to be planted to achieve and maintain that sediogstra

TreeSmart is aimed at the travelling public, as a @mpgans of providing them with Carbon Neutral
travelling by means of investing in the development and oggoianagement of harvested eucalypt
agroforestry plantations. Within the overall populatidritbe travelling public”, there are a number

of sub-groups which might be reached through different aiann

The General Motoring Public

The most general, and diverse, group of travellersasgémeral motoring public. In Victoria, for
example, about 90% of households have one or more vehigldsa total of approximately 2.8
million passenger vehicles in the state. Each vehialeets an average of about 14000 kms per year,
and emits about 4.3 tonnes of £@er year. The total GOemissions from passenger vehicles is
therefore around 12 million tonnes €@er year.

Commercial Vehicle Operations

The road system is used not only by private vehicles bot lyscommercial freight operators.

Commercial vehicles account for about 38% of the, G@ributed to road transport vehicles.
Importantly, the growth in commercial vehicle €@missions is about twice that of private vehicle
emissions, at about 3.3% p.a. Because of the larger ofizhe vehicle and the higher annual
kilometres for commercial vehicles, the annual,Gfnissions per commercial vehicle (about 21
tonnes) is higher than for private vehicles (about 4.3v@sn In Victoria, there are a total of

approximately 400,000 commercial vehicles, giving totap €@issions from commercial vehicles of
around 8.4 million tonnes GQper year.

Public Transport Operations

All modes of transport contribute to greenhouse gas emgseven public transport modes which are
often considered to be “green”. This is especially thee dar public transport modes which are
electrically powered, where the electricity is geredaby the burning of brown coal (which has
notoriously high emissions of greenhouse gases). Catmgatave shown that trains, trams and buses



have CQ emissions, under current Melbourne operating conditiohgpproximately 0.5 million

tonnes CQper year.

Airline Operations

One of the “sleeping giants” in G@missions is air travel. While domestic air traveharates only
about 6% of current transport @@missions in Australia, it is the fastest growingbthe transport
emissions and is expected to reach 10% within the next 16. yaaaddition, international air travel
(which is particularly significant for Australia, givets geographic remoteness) is not even included
in current greenhouse inventory accounts, because it dyriesst outside the Kyoto framework.
However, for Australia, international air travel pably contributes more GOemissions than

domestic air travel.

While aircraft generate large quantities of Cfhese emissions are spread over many passengers on
the aircraft, so that the emissions per passengemkire are comparable to (actually slightly smaller
than) the emissions per passenger kilometre from prpagsenger vehicles. However, because of the

large distances involved in air travel, the emissiomgppssenger trip can be substantial.

Based on an estimate of the current number of domasticinternational air trips originating in
Victoria, the average length of those trips and emissiharacteristics of the aircraft involved, the
total CQ emissions for all kilometres travelled by domestic @assengers originating in Victoria
would be about 1.3 million tonnes ¢@er year, while the total GGemissions for all kilometres
travelled by international air passengers originatingiatdvia would be about 1.5 million tonnes €O

per year.

Across all the modes of transport mentioned aboveVictoria, the total annual emissions of €0

would be in the vicinity of 24 million tonnes.

The question then arises of how many trees would be eghtorbe planted and maintained in order
to sequester this quantity of @@missions per year.

On the basis of &B. Globulusplantation planted at 1000sph (stems per hectare) and thinicedo a
harvest density of 250sph at a rotation age of 20 years, 30 of the harvest volume going to
sawlogs (and hence long-lived timber products) and half @fékidue going to energy production
which substitutes for fossil fuels (with a consernatsequestration ratio of 1:1; i.e. each tonne of CO
released from the burning of the wood saves one ton@gfn alternative fossil fuels), it has been
estimated that the average £&&questration per year (over a 100 year life cycle) woeldbout 20
tonnes CQ per hectare per year.



Therefore, in order to sequester all of the,@dissions from Victorian transport per year, a tofal
1.2 million hectares of harvested plantation would needbé established. Clearly, such an
undertaking is immense, given that there are curremibyial150,000 hectares of private hardwood
plantation in Victoria and 650,000 hectares of private hardvptendtation in Australia, increasing by
about 80,000 hectares per year (Plantations for Austidli@:2020 Vision, 1997). However, the 1.2
million hectares would only be required if all the tyams emissions in Victoria described above were
to be sequestered on an on-going basis. Given that thessadjoa subscriptions would be voluntary,
a more realistic target would be a relatively smadetap rate of perhaps 1-5% (similar to what has
been experienced in Australia for Green Energy). Urgleth an assumption, the quantity of
plantations needed would be much smaller (but still laagj@pout 12,000 to 60,000 hectares of new
plantation per year.

The Role of TreeSmart Australia

The TreeSmart project would operate in the classie stiyh Carbon Pooling operation, as outlined by
the Australian Greenhouse Office (2005) and shown in FiguFea®ellers (the “carbon purchasers”)
would pay an annual or usage-based subscription to Tree@hwftarbon pool”) for sequestration
of their carbon dioxide emissions. TreeSmart would tipary the agroforesters (the “carbon
suppliers”) for the carbon dioxide sequestered in thewvdsted plantations, and subsequent timber
products. In addition, TreeSmart would purchase additiarébn sequestration from agroforesters to
hold as residual carbon rights to cover any tempotaoytfalls in carbon supply, compared to carbon
demand.

TreeSmart Australia would also carry out a range ofaragmol management functions including:

= Registering and tracking the supply and allocation ofaradequestration
= Managing subscriber and forester contracts

= Monitoring and certifying carbon sequestration supply

= Marketing of the TreeSmart project



Investors or
Underwriters

Carbon $ payments $ payments Carbpn
Purchasers Suppliers
A
—
Carbon asset Carbon liability
or entitlement, or undertaking,
and flow of assigning rights to
carbon rights flow of carbon rights
e S )
: Residual - IPool Management . !
v carbon L I- Project Ievgl carbo.n gccountmg, o !
: fights v ! sequestration predictions and verification !
X [ 1- Contracts for sale and purchase 1
[} | I . 1
A 4 . ;o 1 of carbon rights i
= . [ - Insurance and risk management :
Possible 888 ) i- Allocation of carbon rights |
External X i (register and track) :
| |
1 1
1 1
1

Figure 2 Participants in a Carbon Pooling scheme
Source: AGO (2005). Planning Forest Sink Projects: A Guide to Carbon Pooling and Investment Structures.
ISBN 1 920640 74 5

How do Agroforesters get Involved?

The Carbon Pooling arrangement described in Figure 2 is depemlen having a community of
agroforesters willing and able to make their plantationail@ble to TreeSmart for carbon

sequestration. Such plantations can be supported by Taee@rtwo ways

Existing Plantations

The initial carbon sequestration supply for TreeSmaiit bellsourced from existing plantations that
have been planted with the intention of harvestinthnfuture, but with no commitments made with
respect to the carbon sequestered in these trees. Matigs# existing plantations have already
reached an age (5-10 years) when they are sequestering aadbmaximum rate, and hence are ideal
for immediate sequestration, without the lead-timeeoksal years required for the establishment and

immature growth phase of new plantations.

An annual rental would be paid to the agroforester ferge of the carbon sequestered in their trees.
However, since plantations will be sourced from manfecBht regions, the rate at which plantations
will sequester carbon could vary significantly, dependinganfall, soil type and climatic factors.
Therefore, for equity reasons, the annual rental paid fspecific plantation will be based on a unit
rate per tonne COsequestered. The payments for each plantation wilbligi be based on the
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projected sequestration rates obtained from the FullGAddlelling package (Richards and Evans,
2000), including projections of post-harvest sequestration ubmgrimberCam module (Ximenes
and Davies, 2004). The FullCAM modelling package, developed byA®®, is the official

modelling package recognised by various government programs fmyncaequestration (e.g. the
Greenhouse Friendly program), and can be customised fofisgeographic locations, tree species
and silviculture regimes. The FullCAM modelling will endertaken by TreeSmart Australia, and
will be verified against actual measured growth as debeuinithrough an ongoing monitoring
program conducted by TreeSmart. The actual paymentsan yatrs will then be based on the

measured sequestration in the previous period.

Contracts will only be entered into with forestersowbommit to management and harvesting
practices which maintain sequestration post-harvest. plamgations should be established for the
purposes of sawlog harvesting and/or fuelwood production. Di@pgeon the stated intentions of the
forester, the FullCAM model will be adjusted accordingn order to determine projected
sequestrations. However, while the forester will needstate their harvesting intentions before
entering into the TreeSmart contract, they will lefto withdraw from the contact at the end of each
year of the contract, provided they agree to maintancdrbon already sequestered in the trees,
timber products or fossil fuel substitution. While it ipected that most foresters will want to stay
with TreeSmart until they harvest their plantatioreréhmay be reasons why they want to withdraw
(e.g. received an offer of a better price per tonmedobon sequestration from another party, want to
harvest early, want to sell the plantation etc)suich cases, they may withdraw and their TreeSmart
annual payments will cease. They will not need to reypgypayments already received, but they (and
any subsequent owners of the trees) will need to abideelnyitbention to maintain the sequestered
carbon in the trees, in timber products or in fossildugh a substitution of fuelwood for other fossil
fuels used in energy production.

There may also be a situation where a forester chahgésmind about their harvesting intentions.
For example, a forester may enter TreeSmart with itttention of harvesting, but on reaching
harvesting time they may decide to leave the tred¢iserground for aesthetic or other reasons. Since
the trees will continue to sequester carbon after thes harvest date, they would still be eligible for
TreeSmart payments (if they wished to continue in dtleeme) at the same rate per tonne, CO
sequestered. However, since the growth rate of the weald decline as they age, it would be
expected that the payment per hectare would decline withasioge age of the trees. The actual
payments would be based on ongoing monitoring of tree proates.



New plantations

Given the likely expansion of the TreeSmart program, piantations will become necessary after a
relatively short period of time. New plantations nieeydeveloped by TreeSmart itself or, more likely,
third-party plantation owners will be supported by Tree$nma the establishment of the new
plantations. A one-off establishment payment will badm in the first year to kick-start the
development of the new plantation, followed by the l@gannual rental payment after the first year.
As with the existing plantations, the actual annual temiabe based on the projected sequestration
from the FUllCAM model, modified by actual measuremenfitsequestration as the plantation ages.

How does the Traveller get Involved?

The Carbon Pooling model of Figure 2 is also dependent popalation of carbon sequestration
purchasers. While there are many industrial purchasersanbdn offset credits”, the TreeSmart
scheme will concentrate, for the foreseeable futurghe sequestration of transport emissions. Given
the total size of this market, this is unlikely to presebaaier to growth for the TreeSmart scheme.
As outlined earlier, there are several potential markatsTreeSmart subscriptions, as described
below. In each case, the cost of a TreeSmart sphiscriwill be based on a $/tonne €8equestered.
The price of comparable carbon credits from other GaRmolers varies, depending on the method of
sequestration, the regulatory environment and the geoepdldituation. For example, the price of a
credit from the NSW Greenhouse Gas Abatement Scheamedbon bio-sequestration in NSW
Forests) is approximately $15/tonne £Qune 2006 prices), while the current price of European
Union credits is approximately $32/tonne (June 2006 prices(edBan the long-term cost-
effectiveness of sequestration in harvested plantatiitdearing in mind the higher short-term costs
of establishing and managing harvested plantations, itpisoted that the cost of a TreeSmart credit

will be approximately $12/tonne GO

The General Motoring Public

The most general, and diverse, group of travellersasgdneral motoring public. Given that each
passenger vehicle in Victoria travels an average of ab&@®0 kms per year, and emits about 4.3
tonnes of CQ@ per year, the price of an annual TreeSmart subscrifiioa passenger vehicle would
be $50 (or “less than a dollar per week”).

Commercial Vehicle Operations

Because of the larger size of the vehicle and the hayhawal kilometres for commercial vehicles, the
annual CQ emissions per commercial vehicle is about 21 tonnes.allerage cost of a TreeSmart

subscription for a commercial vehicle would there be al$2®0/year. However, given the wide
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variety of commercial vehicle in terms of size andumirusage (from courier vans through to B-
doubles), the actual cost of a TreeSmart subscription wbeldailored to the specific type of

commercial vehicle involved.

Public Transport Operations

All modes of public transport contribute to greenhouse egassions, but trains are the greatest
contributors because of their weight and the fact tivey are powered by electricity generated from
brown coal. TreeSmart subscriptions could be targeteteatraveller (at about 1 cent per trip, or
$5.00 per year based on 5 return trips per week) or, mdigticedly, at the operator who could then

pass on the costs if they so desired. The total coBte&#Smart subscription for the Melbourne train
fleet would be approximately $2.5 million per year, while ¢bsts for the tram and bus fleets would
be $250,000 and $750,000, respectively.

Airline Operations

The emissions, and hence for cost of TreeSmart subsasptior air travellers is comparable in
magnitude, but slightly less than, the cost per kilontetneelled for car drivers. Domestic air travel is
slightly more costly than international air traper kilometre) because the high-emission take-off
and landing stages are spread across fewer kilometredoomstic trips. However, in total,
international air travel subscriptions would be higheralbse of the longer distances involved. The
most convenient way of charging TreeSmart subscriptienmabably on a per-trip basis, where a
voluntary subscription is paid, in a similar way tivel insurance (voluntary) or a departure tax
(compulsory) is now added to the price of a trip. Foypctal domestic air trip from Melbourne to
Sydney, the cost of a TreeSmart subscription would b&ta®b.50, while for an average-length
overseas air trip, the TreeSmart subscription wouldbogit $6.00.

A Practical Example — the AFG 2006 Conference

While the range of possible TreeSmart subscribers is, wide paper will conclude with a very
narrow and specific example of Carbon-Neutral Traygdastunities. As a demonstration project,
TreeSmart Australia is sponsoring the 2006 AFG Confereacéet a “Travel Carbon-Neutral
Conference”. The emissions created by all travel to feswh the conference by delegates will be
offset by plantings on one of the harvested plantat®gned up to the TreeSmart project. A final list
of delegates will be obtained from the conference orgesisvith the starting location of each
delegate for their trip to the conference, and theirnsied transport. For Tasmanian delegates, this
will probably involve a car trip, while mainland and ovarse&elegates will probably have flown to
the conference (although allowance will be made fose¢haking the ferry to Tasmania). During the
presentation of this paper, the methods of estimating etassions for travel to and from the
11



conference will be outlined, as will the estimate oftbenber (area) of trees that have been dedicated
to making the AFG Conference a “Travel Carbon-Neutraif@ence”. In this way, it is hoped that
the audience will better understand the concepts undemgircarbon sequestration, in a context
which involves the emissions generated by their own tizatérns.

Conclusions

The TreeSmart project has been developed as a practaapé of “thinking globally, and acting
locally”. While many people are concerned about globalmireg, they feel helpless about doing
anything about it. It's all seen as just too big a problem, asdmething than someone else should do
something about. TreeSmart provides a way whereby evesllaiagan offset their own greenhouse
gas emissions, at a relatively small price (especiadimpared to the perceived magnitude of the
problem). At the same time, TreeSmart provides a waynfiividual agroforesters to make contact
with the carbon market. Something that could not be dodiidually is easily accomplished by
banding together and using the services of a Carbon PdaéeFrkeSmart. The income derived from
TreeSmart can make a substantial difference in enahliimge farmer to properly care for the trees
over their lifetime, thus increasing growth (and carbeqgusstration) and making them a more
valuable commodity come harvest time. The environmeatalinomic and social flow-on effects in
rural areas can also be substantial. Salinity, emoaind habitat issues can be addressed through
managed harvested plantations, in addition to the sequmstienefits. The income derived from
TreeSmart has a multiplier effect in the rural commesj with employment created in the
agroforestry and support industries. TreeSmart empowensaoydpeople to do extraordinary things

about caring for our future environment.
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