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EXECUTIVBUMMARY

CKAA A& Yy O9YGANRBYYSyYydlt LYLI OG ! pdfdsed MdBngdss powd L2 NI
ASYSNI GA2y LI loffttie eastérn ¢B&stof ‘bngdtdpu ldland, the capital island of the Kingdom of
Tonga. The principal objective is to improve energy supply with an increasing use of renewable energy.

¢2y 3l Q& o&dyMuaplHTERM) provides a detailed pathway towards a low carbon;effestive,
technically sound, equitable transformation of the entire energy sector in the Kingdom of Tonga. The
Government of Tonga launched the plarRi®il0, and now has a target of 0% renewable energy by 2020.

The Kingdom is highly dependent on imported fuel to meet its energy requirements. In effect, the total fuel
import accounts for about twenty percent of the total import value in 2011. Tonga Power Limited is the sole
on-grid eledricity production and distribution SOE in Tonga. The-gupplied electricity accounts for about

98% of electricity and it is based on diesel generation. In 2013, TPL used 12,941,465 litres of diesel for power
generation, which cost around $US19, 500,0This is essentially a huge cost for a small island state such as
Tonga. However, under the current electricity regulatory structure the cost of fuel is essentially passed
through to electricity consumers. In effect, the electricity consumers are fufppsed to oil price rises and
fluctuations.

TPL, within the framework of TERM 26401 NS A& LINR L2 aAy3 (2 SadlrofAriak |
will be another step forward in addressing the energy issné®inga and achieving the TERM%0renevable
target.



1 INTRODUCTION

1.1 BACKGROUND
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Map 1: Kingdom of Tonga.




The Kingdom of Tonga comprises a population of 103,000 persons living on 36 islands. In total there are 170
islands of volcanic and coral origin in four ma&iNR2 dzLJAY ¢ 2y 3+ GF Lz ' yR W9dzZ = 1 @I ¢
Niuas.

¢KS AaftlryR 2F WOEH aXxia 2Fo didkl® whWAY S2dd R ¢2y 3L G Lidzd
widestpart.¢ KS G2dFf tFyR | NBF Aa | 02 dziislgnd with a gréoudd sdrfacel2 3 NJ LIK
that rises gradually from the west coast. The rises composed of several distinctive terraces to a high eastern

ridge, which is 312m m.a.s.l. at its highpait. W9 dzhicknamd & Cdzy 3 F2 y dzt € = f @efistSt & NI
land, acording toTonganmythology, it is the land that the god Maui stood, and fished out Tongatapu.

LI N £ tSt>x aOASYGATAO RIGE LINPOGSR GKFG WwW9dzr A& GKS 2f€F

¢CKS 2NRIAAYIE AyKFIoAGFYyda 2F WRddl Ad SOyl Sdzh RFY dzl2@z3v$ 2 ©
late intensely populatedslandsA y Tl OG0 GKS bAdzZ F2Q2dz LIS2LX S 6SNBE SOt C
eruption.¢ KA & ¢ a LINSOSRSR o6& GKS NBaSGGtSYSyid oe& LIS2LX S
sdiit SR Ay Y2t2YIFIAES FyR | FQFddzQl 06a2dziKSNYy LI NI 27F
¢2y3LYFYFrQ23 adzQl X al dFQFK23X CFGF Qdzf dzt = { I LI QFGFZ W93

1.2 THE PROPOSED DEVELENM

1.2.1 THE PROPOSED TECHNILO

The proposed developmenis to utilise biomass (lignocellulosic) as an energy source, either directly via
combustion to produce heat or indirectly after converting it to a form of biof&elest residue (dead trees,
branches, tree stumps), yard clippings, wodkips are wood remainthat TPL will use as energy source.
Generating electricity from biomass can be done in many different ways, although Woodchip Gasification
(Diagram 1)nto Gas Engine Generator systemRiS§ SYSR &dzA G+ o6t S F2NJ W9 dz

Diagram 1: Gasification Process



The source ofhis biofuel will be primarilyNR2 Y G KS WwW9dzZr C2NBaid 9adlkisSsy 6KAOK
Product Limited

The proposed generation facility is biomass gasification equipment. This will suppbeddigysian company
Renewables Plus (RPL); and it snofactured by Ankur Technologies of Ifdi@he gasifier is essentially a
chemical reactor wherevarious complex physical and chemical processes transpire. The biofuel is dried,
heated, pyrolysed, partially oxidised and reduced in this reactor as it flmwagh it.

In basic terms, gasification produces combustible gases from carbon containing materials which is dried
622ROKALIA Ay Wodza Qa Ol aSd ¢ KS 0 A 2 Froabie top, svBeB R faksksLJa 0 A &
through a drying zone, agtillation zone, hearth zone, oxidation zone, reduction zone and dBisggram 2jo

primarily produce Hydrogen and carbon monoxide (Producer Gas). Pyrolysis is achieved in the distillation zone

at temperatures between 20Q 300 °C, where volatile gasaad char is produced, which are used to reheat

the gasifier. The primary products produced from the gasification process are hydrocarbon gases (producer
gas), hydrocarbon liquids (oils) and char (carbon black and ash). The gas produced from the gdsedieeds

to a purity that is @timal for internal combustiorngines used to drive generators for electricity generation.

Diagram 2The Gasiéir and GasificatiorProcess
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It is noted herghat the Ankur Gasifier is designed so that the tars, gpbydud from the pyrolysis phase are
drawn through the Combustion phase, where these are broken down or bufifeds, the energy they contain
is recovered, and the mixture of gases in the exit stream is relatively clean.

¢KS WwodzZ FI OAf A (léDDA00 pdsifieOspplyiigla a56kW2CEmMntins gas ghgine supplemented
RdZNAY3I (KS S$OSyAay3 LISH14a o8& GKS SEAaGAY3 RASASt 3ISyal
the purpose of this project.

1 Tonga biofuel to electricity feasibility study and business case prepared for Tonga Power Limited (2013), East
Harbour Energy, New Zealand



In a nutshell, he gasification system coms$s of fuel conditioning units, Gasifier, gas cleaning units and gas
utilization units(Diagram 3)

SCHEMATIC (POWER GENERATION MODE)

JLTRA CLEAN GAS MODE

Diagram 3: Biomass Plant Schematic

The basic processes that take place in the biomass gasification plant and supporting eqpiagram 4)

i
e Raw Fuel ] e Gas cleaning ]

e Fuel e Gasification and e Heat
e Electricity

conditioning Conditioning
Conditioned * Fuel
Clean Gas
Fuel

Process

Diagram 4: Gasification Process



1.2.2 THEPROS ANIKONS OBIOMASSNERGY

LG aK2dZ R 0S y20SR GKIG GKS&S INB 3ISYSNIf LRAyda FyR
Advantages:
1 Renewable: We will always have sources of biomass such as crops, mangaezage.
1 Energy dependent: Creates energy independence
i Carbon Neutral: Biomass is part of the carbon cycle. Carbon is absorbed from the atmosphere by
plants during photosynthesis and when the plants decay or is burnt carbon goes back into the
atmosphere. Tie next crops of plants will absorb that carbon over again, thus continuing the cycle.
This is why biomass do not contribute to the global warming and biomass fuel is clean.
1 Costeffective: Biomass energy is inexpensive compared to coal and oil. Typiceylycost about a
third of fossil fuels doing the same job.
1 Abundant: Biomass is available in large quantities.
1 Energy Storing: Unlike other renewable energy sources, biomass fuel can be stored and used to

produce energy when needed.

Disadvantages:

1

= =4 =a -

Expengre: Extraction of biomass can be expensive in some areas. Harvesting and storing of different
types of biomass fuel can be expensive.

Space Requirement: It needs large areas for different processes required in harvesting energy from
biomass (especially @as for storage).

Some materials are not available all year round, especially crop wastes.
Geography of the country limits the types of biomass used to create energy.
If overuse, than deforestation and other environmental problems can develop.

Despite of [mmass energy production being carbon neutral, it involves emission of other gasses that
can be harmful. In specific biomass energy production, nitrous oxig®)(Bnd methane (Ciare
released and these cannot be reabsorbed by simply replanting thepeops. So Green House Gases
accumulate during production of biomass energy.



1.2.3 THESTE FOR THE PROPOBEIMASSROJECT

¢KS . A2YlLaa tftlyld 6Aff 0SS o0dzAftld 2y ¢t[ Qa OdNNByld LR g€

Map2:¢t [ {AGS +d WhK2ydz = W9 dz

The subject land (Map Zescribed as leasehold property with the following details:

Lease number: 4252

Lessee: Tonga Electric Power Board

Lessor: Government

Area: 1A 2R 00P or 6@m?

Purpose: Residence, office, powestation

Rental: $540/year

Period: 24/01/1980¢ 23/01/2030
Location: YhK2ydz =z W9 dzl

10
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Map 3: Survey Plan of the area concerned.

The land area required for this proposed biomass project are as fol®asifier Building 400fn Engine
Building 140r Biomass fuel storage 706nin total, the proposed built structure footing ipproximately
1,240n%. However, given consideration to wood fuel storage (stock pile) and seasoning process, 24D0m

be the ideal area requiredlhe TPL leaseho(ap 3and Map 4 is 6,072, whichis sufficientland areato
provide for the biomass plant.

11



1.2.4 INPUTSCAPITAL ANBESOURCES

The total cost for this proposed biomass project is NZD$2.5 milliba.table below shows the breakdown of
this amount. In terms of monetery value, itashugeinvestment, but interms of its benefits to the people of
wodzl = AG A& | W&l paktrdesspamelydRENGHe Govednyhént. 6

Capital equipmentcost F2 NJ W9dzZl o6b%

DD400 gasifier; 250kW Cummins engine
Feedstock handling bin drier (2) $57,468
Gasifier $472,640
Generation equipment (incl. engines) $209,941
Dual Fuel Conversion Incl.
Hoist support $5,937
Balance of plant $95,396
Engineering &hipping $89,198
Installation commissioning & training (esite) $169,166
Recommended spares Incl.
Misc. office and O&M equipment $5,000
Fire protection (handheld & hoses) $5,000
Gas detection in engine room $3,000
Site lighting $5,000
Frontendloader $50,000
Civil/structural $554,014
Project management, validation & approvals $155,000
1% capital levy to Tonga Government $22,050
Water supply $10,000
Costs of connection to grid $198,132
RPL supervision 3 months (split 60% Tongatapu) | $15,366
Contingency $312,452
Total project cost $2,481,809

¢KS bliaAz2ylt wSaSNBS . I vy QbecSribed ROLAWASD. 7NINADSing®sNI G KS  FA N

rate, the project will cost about TOP$4 million.

1.2.5 ASSESSED ANNUAL ANDNMENANCE COSTS SMNINGS

The diesel generation cost reduction is estimated at TOP$ 774,000. However, the cost of operation and
management will be TOP$123,000, Wood Fuel TOP$129%18€f (new) TOP$125,000. This means that in
wodzx GKS G2aGFf al @Asyndn nfdenNd d¢ t¢[K AAZA Al&0 2adk(3 yeAhFtARCOHdy G F 2 NJ

12



1.2.6 THE CONSTRUCTION SHE

Tonga Power biomass generation project schedule
Week| 1|2|3|a|5|6|7|8]|9|10|11|12|13|14|15|16|17|18|19(20| 21| 22|23| 24| 25| 26| 27| 28| 29| 30| 31| 32| 33| 34| 35| 36| 37| 38| 39| 40| 41| 42| 43

Project approved

Cotract finalised

Contract signed

Proc

Fabrication

Factory testing

Packing

Shipping

Civil construction

il‘ 1 Il i

Fuel supply

Staff recruitment/training
Test & ¢
Handover

The projectis estimated to take43 weeks from the date of formal approval to construction completion.
However, the construction of the plant estimated totake 10 weeks, plusapproximately7 weeks of
installaton.L G A& O0SYSFAOAIT F2NJ 6KS O2yadNuzOGA2y LKIas
season to avoidinnecessary delays.

1.3 PROJECIUSTIFICATION

1.3.1 BRIEF SITUATION ANSLSY
Tongahas special concesnthat arisefrom its situation, and these drives national endeavours to use
alternative energy, renewable energy.
x Tonga is environmentally vulnerable through climate change and sea level rise, particularly for the
small and lowlying atolls;

x  Existing envonmental damages, habitat loss and pollution resulting from development and use of

U2

O2y @Sy iliAaz2yltt SySNHe a2d2NOSa KIFI@S aiA3ayaAFaolyid STTFS

x  Gven the limited storage for bulk petroleum fuels, which are sourced over a dapgly chain at
relatively high pricesTonga is vulnerable in terms of energy supply security

x ¢ 2y ddege®pment of renewable energy resources has been limited by the availability of
appropriate technology, poor institutional mechanisms, and the chghts of developing systems for
small remote markets at reasonable cost;

x  There is limited scope for market reforms considering the variation in size and density of markets;

therefore, appropriate altematives are necessary for Tonga.

13



1.3.2 ENERGY INONGA

To meet its energy requirements;Tonga is primarily dependent on costly imported diesel. The municipal

St SOGNAOAGE 3ANAR &dzLJLX AS& | LIWNREAYFGSt& dy: 2F ¢2y3l
generators.l 2 4 SASNE W9 dzk A a iésel gdndrdtianin R033,JTERY Rs®y/ 1,942 ¥65 IRres of

diesel for power generationChe cost of diesel to TPL in 2013 was around $US19, 500,000.

O02ai0 2F Fdz8f FT2N) wodzZ 5A4

(@]]
w
T
<
©
QD
(et
>
-<
c
w
puls

¢

¢ KS Watddel cdnffuinption between 2018nd October2014 is 1,543,300 litresvhich aboutTOR2.6
YAtEA2Yy® Ly 3ASYSNIt GSN¥az GKS FdzSt O2 adkurthérinqrSia | o
the operational costaretaken off, theni KS ¢t [ Ay W9dzZ A& NHzyyAy3I Fd + f

2 dzii
2aa
Additional pressures of climate change, climate variability, increased frequency and intensity of natural
disasters, and sekvel rise which have been compounded by the international fuel, food and financial crises.

Tonga must adopt alternative sources of fuel such as wind, biofuel and solar.

In Tonga, biomaskielled electricity generation offers the only bakmd renewable option for energy

generation.lt is established that biomass electricity generation is Hasel and available at all times except

for maintenance periodsThe current dieseF dzSf f SR St SOGNA OA (ié& 3 SSedtNdtther 2y O2 & |
cost displacement from biomadaelled electricity generation will be about eniti This is significant given

the fuel cost scenario described above.

The proposedNZD$2.5 millionbiomassfuelled electricity generatiorplant will require longterm biofuel

(wood) supply. Further, it will create a sound economic basis for Tonga ForestPLimiited, as the primary

$22R YR Fdz8t adzlJJd ASNXY ¢KS LINRLRZAaASR LINRB2SOG sAftt O
transport, and plant operation and maintenance. This is in addition to the predicted reduced diesel imports.

The establishmet of what will be in Tonga a substantial business in the growing, harvesting and distribution of
OA2Yl aax AyOfdzZRAy3d (GKS LI G§SydAl This sambthdr progrés® todakds ¥ 2 NJ 0 .
FOKAS@GAY3I (GKS ¢ 9 wid®cof TH#FANK Qa2 B yIBHNESE NIy BSRE théiyikad2oaegA K NBy S
At the same instanceyeating skilled jobs ithe renewable energy generation

14



1.3.3 BIOMASETFP)NTOBIOFUEITPL)

¢CKS LINAYFNEB a2dz2NOS 2F 0A2Yl aaiin W@said fnagtidydme F@estNB a G 9 &
Division (Ministry of Agriculture, Forestry, Fisheries, and Food) until 1987 through a New Zealand aid
programme. This waghen transferred to Dnga Timber Limited (TTLpand was operated as a fully
commercialised timber estate.

TongaForest Products Limited (TFP) is dammation of the organization previously known as Tonga Timber
Limited (TTL) and a return to its previous core activities of Forestry Development and production of quality
wood products. Tonga Timber Ltd (TTL) hasteeublic enterprise since its incorporation in 1995. TFP is fully
owned by the Government of Tonga.

In 2011, TTL underwent Board and Management change in an effort to recover and restore the business and
seize immediate and long term opportunities. TERntifies a new beginning and start. There is a solid
construction industry and an increase in infrastructure development taking place in Tonga, with the advent of
the new Government.

t20SyidArfttes GKS WwW9odz C2NBab000nddf logs fer #huin. HowededzanlyF A y SR
about700m? 2 ¥ £ 23& LISNJ Fyydzy FINB o06SAy3a KIFEINWBSaGdSR |G LINBa!
position, as it is the only commercistale forestry resource in the kingdom. Further,

The biomassvolumes were assesed and confirmed by Foley Nasome Associateat the existing supply at

levels required for about 10 years. However, TFP has a new nursery establishedpdamting has already

0S3dzy dzy RSNJ b%! AR TFdzyR® ¢KS 02y (i NEitPid sustdinitke forest| g At f
production.

Diagram 5: TFP logging

15



Based orTonga Forest Producisformation, the following estimation was made:
U Logging Volume
o Daily harvest of 54 crop trees, to the wharf.
o Eachlog at 1.8 tonnes
0 Harvest portion is 1.3®nnes (=72.9 tonnes per day)
0 Waste portion is 0.45 tonnes (= 24.3 tonnes per day)
A 24.3 tonnes of wasted wood chip per day

0 Waste regenerated trees cut

2 from every crop tree (weight approx. 0.392 tonnes)

54 crop trees x 2 waste trees = 108 waste trees
108x 0.392t = 42.33 tonnes of waste per day
Total = 66.63 tonnes of waste per day.

Potentially, the biomass plant should have about 66 tonnes of biomass fuel each day that the TFP production is
in full production.

The annual harvesting production for 2014l{B ¢Jun 14) was 5,032 %60% of total volume tree)For 2015,

TFP anticipates that the harvesting production will increase to 8,000¢®2000n¥p.a. However, provided

that (TDB) funding for new equipment will be available next year (2015), then hiagygszoduction will
increase to 12,000fp.a, which is slightly above the annual sustainable cutfom. It should be noted that
these figures does not factor in the waste wood in the forest after harvesting, which is about 40% of the total
forest volume

Given the characteristics of the biomass fuel namely, moisture levetagonation, CV and other combiien
characteristics, the biomass fuel will have to be seasoned, chipped, and dried prior to being used (gasification).
This is to ensure that the glity is satisfactory. Further, biomass fuel will be stock piled (buffer stock) under
cover storage on site.
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1.4 EIAREQUIREMENT

1.4.1 NATIONAILLAWS ANOPOLICIES

The Environmental Impact Assessment 2@D3requires that any significant development must be
accompanied by an Environmental Assessment.

The Tonga Strategic Development Framework (TSF)des the guiding principles and directions

to direct the work of the current administration (202D14). TheD 2 @S Ny Y S yisitQdevelddh 4 A 2 ¥
and promote a just equitable and progressive society in which the people of Tonga enjoy good
health, peace, harmony and prosperity, in meeting their aspirations in life.

Among the nine outconteobjectives described, th@flowing four are relevant:

1. Strong inclusive communities, by engaging districts/villages/communities in meeting their
prioritised service needs and ensuring equitable distribution of development benefits.

2. Dynamic public and private sector partnepshs the engine growth by promoting better
collaboration between government and business, appropriate incentives and streamlining of
rules and regulations.

3. Appropriate, well planned and maintained infrastructure that improves the everyday lives
of the people and lowers the cost of business, by the adequate fundingrapigmentation
of the National Infrastructure Investment Plan.

7. Cultural awareness, environmental sustainability, disaster risk management and climate
change adaptation, integrated intall planning and implementation of programmes, by
establishing and adhering to appropriate procedures and consultation mechanisms.

Table 4The relevant environmental legislations/policies and responsible Agency:

Ministry of Environment and Communication  Environment Impact Assessment Act 2003
Renewable Energy Act 2009
TERMUnNit Tonga Energy Road Map 262020

Ministry of Lands and Natural Resources Land Act 1927
Planning and Urban Management Agen« SpatialPlanning and Management Act 2012
Electricity Commission Electricity Act 2007

Ministry of Commerce, Tourism and Labour  Price and Wages Control Act 1988
Petroleum Act

Ministry of Agriculture, Forestry, Fisheries an Forestry Act

Food

2TSDF 212014, 8p
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1.4.2 INTERNATIONAL ARREGIONAENVIRONMENTAAGREEMENTS

In 1998, Tonga ratified three important international conventions namely; the United Nations
Convention on Biological Diversity (CBD), the United Nations Framework Convention on Climate
Change (UNFCCC), and the Unitetldda Convention to Combat Desertification (UNCCD). Hence,
Tonga has obligations under each of these conventions to take positive actions to implement the
requirements of, and its obligations under each convention2 y 3+ Qa 26f A3 GA2Yya
followingresponsibilities:

To undertake national biodiversity and conservation planning

To identify and monitor biodiversity and its conservation

To establish conservation and protected areas management

To raise understanding and awareness

To utilise EIA fdbiodiversity conservation

To prepare national communication

To develop climate change programmes

To promote sustainable management

To prepare plan and strategies to combat desertification and mitigate drought

c oo oo oo oo

The Ministry of Environment and CommunicatiMEC) is the Government authority and has the
responsibility to administrate and implement these conventions.

2 BASELINEONDITIONS

2.1 THEPHYSICABENVIRONMENT

Tonga lies in the trade wind zone of the South Pacific withtagical rather than tropical clinta.

Ly DSYSNrftsz ¢2y3lQa OfAYF(GS A& -eastellyNdindsii Bakh & S R
temperatures throughout the year. There is a slight cool season between the months of June to
October with a mean temperature of 24.5°C, and a rather hotlandid season from November to

May with a mean temperature of 29°C. The cool season runs from June to October and the warm or
summer season runs from November to May.

The spread of two general types of small islands over a considerable ocean area me¢aasthix

varies temporarily and spatially. The period between the months of December to April are the
wettest and from June to August the driest. This is a common scenario with the heaviest rainfall
during the hot season but it varies from year to yeaddetween the northern and the southern

islands. These are further influenced by the El Nino and La Nina phenomena. Niuatoputapu in the
north has an average rainfall of about 2540 mm while Tongatapu in the south has an average of
2032 mm per yearUnfortuy 6§ St 8 GKSNB Aa fF01 2F OfAYFGAO
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However, the average rainfall is 1685mm, with a range of 1100mm to 2232However, others
have estimated the mean rainfall to be 2700hm

¢2y 3 Qa LINBJI At AY 3 erly quydraat (sautheaskeast) R nYontlis fShe elara
However, mean wind speeds are generally lov8 [{@/s); and gale force winds are infrequent, being
mostly associatedwith tropical cyclone¢ 2 y 3+ Qa € 20F A2y Llzia AG 6St¢
the SouthwestPacific;consequently it experiences severe weatlsstems, averaging oreopical

cyclone per year. Cyclone activities mostly occur during November to March when the sea is
warmest. Wind damage can also affect the foliage of root crops, whighusually intercropped.

Climatic hazards mainly cyclones and droughts, are not uncommon in Tonga and pose problems for a
country dependent on agriculture. & A& y20G Of SI NJ 6KI G AYLI OlG Ot AYLl
greater variability is expectea icyclones and high rainfall. Also, there is marked increase of .4°C
5.8°C in annual mean temperature throughout the kingdom since the 1970s. However, very little
evidence that there is any increase in tropical cyclones in Tonga as of date.

2.2 GEOLOGYTOPOGRAPHY ANBDILS

5AaGAYyOGAGSte Y2y3 GKS (AYy3aR2YI W9 dasadeliedof KA IK |
three welldefined terraces to a flatop ridge (western ridge), which follows the curvature of the

coast at a height of 120nThe hgher ridge has a maximum height of 312m, and this extends along

0KS SyYyGANB SFHadiSNYy &aARS 2F WwWodzZad & CNRY (KA& NRARRIS
to the eastern coast.

Wodzr Aa | NI A&aSR O2 Nde tanddcapthasgdutios and eollagsed siokholes, 0 O2 N
one of which is well knowrsinkhole,it KS a |l (I f | 5% Hdweved Ithera arelzimestone

pinnacles and irregular drainage patterns, stream channels are deeply incised inwstbeg

channel® Ly Tidth@ orly isMral dziTonga with a flowing stream.

¢KS olFaSySyid 3S2t23& 2F WwW9dzZa A& RSAONAROSR o6& |2
The island has a core of Eocemge (4640 Ma) volcanic rocks that form exposed outcrops along the

eastern ridge and cliffs. It is overlain by Eocene foraminiferal and algal limestehief also form

outcrops along the eastern ridge. In turn, this is overlain by Miocene volcaniclastic rocks on the
eastern ridge, the western slopes, and the central valley. Owngrlgil the older rocks is Pliocene to
Quaternary coral reef limestone that comprises most of the western ridge and central valley, and

some minor terraces along both eastern and western coasts.

Most gentle sloping and flat surfaces, including the TPL aitemantled by andesitic tephra ranging

from 0.5m- 2m deep. The presence and impact of andesitic tephra across the coral islands are
OSYSTFAOAIf ® Wodza KFa& GKNBS YIAYy a2if aSNRSax g A
andesitic tephra betwen 0.2m2m deep overlying coral reef limestone or basic volcaniksoc

3 Meteorology Service data

4 Drake et al. (1996)

S SASYyR GSffta GKFd GKA&A AYLINBaaA@S aAaylKz2tS gl a F2NX¥S
it back and forth in anger of his mother.
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However, the soils on the higher terraces are more developed than those on the lower terraces. It is
02YY2y 1y2¢fSR3IS Ag/gootl BofARF S (1K Mt aw@atdh cEdontent,
moderately to strongly structured, with medium to high porosity.

¢CKS 2yte AaflyR ¢AlK LISN®YnHikdtes from SpNas iy éavediohi the 2 y 3 |
eastern ridge. In fact, there are several small streams, all drain to the west namely, Hafu, Heke and
¢StSIF aGNBFrYa 22AYy lyR Ft2¢ G2 GKS O2Fad G whi
before dismppearing below the surface. These streams lower reaches are deeply incised below the
limestone ridges The surface water drains to underground caves and stream systems that
interconnect These include Fern Gullpaoa Matavai, Ana Pekepeka which are uded public

water supply.

2.3 THEVEGETATION

2.3.1 TONGAFORESTS

Thereis very little indigenous forest left in Tongllationally, he remaining indigenous forest is in

pockets in steep and inaccessible areas, coastal zones, and swamps. The estimated réomasting

FNBIF Aa fSaa GKIY nZannKFE YR YdzOK 2F (KA&a 2y
elevation (3121 a.s.l.), relatively large area (81Rmage (Eocene), sharp relief, deep andesitic soils,

and volcanic core,anbined to produce dorest that is different from neighbouring islands.

Much of the] A y 3 R2gétatidn had been modified, and endemic plants are becoming rare.

| 26 SAGSNE W9dzZh adAff KIFIa | 3I22R LISNOSydGras 2F Al
ridge. The maincauseof forestry lossis the human activity, and some are due to natural causes.

Native plants disappear due to:

monetisation ofcertain plantvalue;
loss of habitat;

competition from invasive species;
herbivory;

abandonment of cultigens; and
natural rarty.

(e el et e e e

The introduction of commercial land uggd-1900s and the rapid expansion of agriculture between
1980s1990s saw much of the western slopes cleared. Thus leaving primary and secondary forest
confined to inaccessible pockets on the western side; aathiy on the eastern ridges and cliffs on

the eastern side of the island.

2.3.2 THETONGAPOWERUMITEDQ@ASTE
¢KS ¢2y3aF t26SNI[AYAGSR 3ISYSNI (A2 yhemdinroAdithah & 2y
O2yySOita GKS YIAY U2 siydf thd seitlethdnts Hitre Kcityf ozthe islaidR Y I 2 2 NJ

TheTPLsubject landdescribed as leasehold property with the following details:
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Lease Nmber:
Lessee:
Lessor:

Area:
Purpose:
Rental:
Period:
Location:

Diesel Fuel
Depot

4252

Tonga Electric Power Board
Government

1A 2R 00P or 6076m
Residence, office, power station
$540/year

24/01/1980¢ 23/01/2030
YhK2ydzZ ~ W9 dz

Open Area for
Biomass Plant

Staff Residence

Main Office

Generators
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