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Preface

Prism: Co-scenarios - request of
participation

The <Scenario Book> consists of
two parts: ‘Expanding Archive’ and
‘Alternative Tuvalu scenario’. The
‘Expanding Archive’ categorizes the
issues that need to be addressed
for Tuvalu’s sustainability and ac-
cumulates applicable technologies
and practices. ‘Alternative Tuvalu
scenario’ coordinate the individual
alternatives gathered in the ‘ex-
panding archive’ and apply it to

the whole Tuvalu as one integrated
system. As the archive expands,
the options of the scenario increase
as well, and each scenario is repre-
sented by a diagram or an architec-
tural drawing.

The Scenario Book politely re-
quests the readers’ participation
because of the complexity inherent
in climate change and sustain-
ability issues of Tuvalu. Facing a
huge and complicated system re-
quires a process of simplifying and
dealing with the details, then zoom-
ing out the scale again to construct
the relationship between the is-
sues. We believe that this process
is not feasible with a small number
of individuals and is only possible
through the spectrum of knowledge
and opinions of many people.

Readers can participate in the
project by submitting the follow-
ing content in a free format and
amount to join@tvpr.tv.

1. All Categories in ‘Expanding
Archive’ *

2. Opinions or alternatives to
‘Alternative Tuvalu scenario’

3. Any other content that can be
shared through TVPR regarding
climate change, sustainability,
and Tuvalu

* Categories of <Increasing
Archives> may increase according
to the suggestions of the partici-
pants.

All the content sent by readers

is included in the next edition of
the book, which will be updated
semi-annually, and the TVPR web-
site will be updated accordingly.
All submissions will be credited to
the submitter and will not be limit-
ed by source. If the reader wishes
to add content from other websites
to a particular category of <In-
creasing Archives>, the submitter
and source credits will be listed
together.

Hyun Seok Kang
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EXPANDING
ARCHIVE

The ‘Expanding Archive’ divides the issues that Tuvalu has to
consider into sustainability into nine categories and archives
applicable technoligies and cases for each. The materials
accumulated in this sector will be the resources that make up
the new scenarios. As of July 2018, there are only one-dimen-
sional materials available in this archive for anyone to find on
the internet, but we hope that the contents of each cathegory
will continue to evolove according to the knowledge, interests,
search ability, and creativity of participants. The contents of
the nine cathegories are as follows, and this is also likely to be
evoloved.
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A. Securing Territory

B. Food from Land

C. Food from Sea

D. Livestock Farming

E. Water Production

F. Energy Production

G. Transportation

H. Waste Management

1. New Sources of Revenue
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SECURING
TERRITORY

This category consists of methodologies for Tuvalu to
secure its territory against sea level rising. Starting from
a typical way of blocking the waters with a series of high
walls, this is open to all ‘imaginatively practical’ meth-
ods to keep Tuvalu’s territory still exsting on the map
even in case sea level reaches on a threatening level. If
possible, options are also going to be contained on how
to obtain materials for certain methodologies.

B

Mo

B Algstol, si4mo] A1F SFo =

o Y7 ARl o3 EAE 4
Aoz 4E e BE wel dal gt
4% pREe 9 g %

A

]

3
b1

o s
Jur o 4




A-1 SEAWALL

Irregular Face Revetment Vertical Wall

Wave return wall Concrete/Asphalt Promenade

90 Interlocking blocks|
(
Boulders Wave return wall
Earth Mound “’/
}ue 4 g 4+— Marsh

Rubble Mound Embankment Curved/Stepped

Provided they are appropriately o] et tEEol e HE
designed to withstand the AT E 2 NQkE HFERA| = X Ee
various forces, seawalls will o|7}A] 8|47 Jolox| drE
provide protection against 7153 2 9. weba] 2] 27| 9]
water levels up to the seawall WEAS S 2 dolA 7Py okt
design height. Therefore, in
the past the design height of
many seawalls was based on
the highest known flood level.
Seawalls also have a much
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[IMG-A-1-1] Variation in design type of seawalls
‘Technologies for Climate Change Adaptation’, UNEP Riso Centre
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as dikes. When considering
adaptation to climate change,
another advantage of seawalls
is that it is possible to
progressively upgrade these
structures by increasing the
structure height in response to
SLR(Sea Level Rising).!"! How-
ever, issues of maintenance
and ruining the landscape of
the sea are disadvantages.

[IMG-A-1-2] Seawall, Galveston district, Texas, United States
Unknown

[1]
Technologies for Climate Change Adaptation,
UNEP Riso Centre
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A-2 BEACH NOURISHMENT

Added at 2016-05-18

Backshore widt

Crown height CD.L.+4.5 m

While seawall is constructing
structure, beach nourishment is
forming a new topography by
artifitial addition of sediments
to a beach area. There is little
influence on the surrounding
coast. Also, There is no hin-
drance to future regeneration of
beaches with a supply of earth
and sand. However, Auxiliary
facilities are needed in order to
maintain the design section due
to littoral movement of earth
and sand. Also, where to get the
materials is main issue. !
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[IMG-A-2-1] Standard section of Beach Nourishment
‘The study for assessment of ecosystem, coastal erosion and protection / rehabilitation’,

Japan Internatinal Cooperation Agency

[1]

‘The study for assessment of ecosystem,
coastal erosion and protection / rehabilita-
tion’,Japan Internatinal Cooperation Agency

Scenario Book



A-3 BEACH NOURISHMENT BY GEOTEXTILE CONSTRUCTION

Added at 2016-05-19

[IMG-A-3-1] Geotextile Construction

‘On the Water: Palisade Bay’, Catherine Seavitt, Adam Yarinsky et al., Guy Nordenson, Texts by

Barry Bergdoll, Michael Oppenheimer

Avele &

This construction method
utilizes geotextile fabric
containers (such as Geotubes®
manufactured by the Tencate
corporation) which are filled
with sediment and stacked to
create new landforms. The
weave of the geotextile cloth
retains fine matter and the
resultant shapes are massive
and stable. This construction
strategy has a great economy
of means: a small quantity

of fabric is needed to create
substantial results. Also, the
work is performed from the
water, with little disruption to
human activity. !

[IMG-A-3-2] Geotextile Construction
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‘On the Water: Palisade Bay’, Catherine Seavitt, Adam Yarinsky et al., Guy Nordenson, Texts by

Barry Bergdoll, Michael Oppenheimer

i
‘On the Water: Palisade Bay’, Catherine
Seavitt, Adam Yarinsky et al., Guy Nor-
denson, Texts by Barry Bergdoll, Michael
Oppenheimer

A-4 AIRLIFT DREDGE

Manguera del compresar

Umbilical del buza fe ai‘nyrwﬁn.

I'd
/

Manga de succidn par vBllh.R'I o
elevadar de aire

[IMG-A-4-1] Airlift Dredge
From Wikipedia, Unknown
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Added at 2016-05-21

— COMPRESSORS, ETC.
1

COUPRESSED AIR LINE

SUCTION PIPE

Figure 11.

Airlift dredging is one of the
mothods to get materials for
the beach nourishment from
the seabed. Its prinsiple is
simple. Air injected into a sub-
merged suction pipe causes the
fluide density inside the pipe
to be less than that outside;
therefore, water flows into

and up the pipe, carrying solid
material with it. The injected
air provides all the energy
required to raise solid to the
surface.!!)

[IMG-A-4-2] Airlift Dredge

Airlift dredge

o

‘Airlift dredging2 sl 24 S <)
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‘Beach Nourishment Technics’, Thomas W. Richardson

[1]
‘Beach Nourishment Technics’, Thomas W.
Richardson

10 TVPR

A-5 FORAM SAND PROJECT

[IMG-A-5-1] Star Sand: Foraminifera
SATREPS, Japan Science and Technology Agency

TUVALU PROJECT

Star sand is a type of protozoa
called foraminifera that devel-
ops a star-shaped calcareous
shell. When it dies, the shell
becomes sand. Surprisingly,
two-thirds of the land of Tuvalu
is actually made up of these
foraminifera sand. And so,
the aim of this project is to
cultivate foraminifera in order
to increase sand production,
thereby restoring the islands’
natural abilities to deal with
the rising sea level.l'! This
Project is being supported by
SATREPS, Japan Science and
Technology Agency and the
Univeristy of Tokyo.

Added at 2016-05-21

UMY 5Eol| &5l ‘Star sand&= ‘fo-
raminifera’ 2 2|9, ¥ 2g9]
A3]d A7 & F/dstet, Star
sand7} oA o] e 7] maf7}
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‘foraminiefera’S o g2 Zgi-
o] 2ajo] Yige sHo =M,
Sl Agsoll sl A A7t
sele 98y 4 Es st
Aol xS FIL rho] Zz-
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[IMG-A-5-2] Culturing foraminifera at Funafuti site
‘The Coastal Ecosystem in Tuvalu and Geo-ecological Management against Sea-Level Rise’,
Hajime KAYANNE, Takashi HOSONO, Akihiro KAWADA in Foram Sand Project

[1]
SATREPS, Japan Science and Technology
Agency
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TO BE ADDED
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TO BE ADDED
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FOOD
FROM LAND

Category B addresses the question of how Tuvalu can Fle| e B 27} 2
produce sufficient quantities and a wide variety of food = EgoA], A=Hl
again for its population in salinated soils due to recent ThA] AJAFEE HHE S0
flooding and intrusion of sea water. This is an issue of A3 AAE =
food security that is directly linked to Tuvalu’s sustain-

ability. In addition to this, this category is also going to

cover ways in which Tuvalu can maximize food produc-

tion overcoming the limit of small-scale arable land.
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B-1

RAISED BED FARMING

Added at 2016-06-01

Raised bed farming is a form
of farming in which the soil

is formed in beds, which can
be of any length or shape. The
soil is raised above the existing
land and it is enclosed by a
frame generally made of wood,
rock, or concrete blocks, and
may be enriched with compost.
[ Because of its formation,
raised bed farming can be an
alternative way of cultivating
foods on Tuvalu’s land that is
suffered from increased soil

[IMG-B-1-1] Diagram of Raised Bed Farming

‘Raised bed farming'& E¥& EA-

St oA 912 &8 e dollA
SAFE AE AL EA, ol BY-
ol A--Eth. & Ede BE UR,
5, 23YE EFER2 WEY

e ol osf {A=H EHE Sl
1 Ao] e 7)= ekl ol2{gh
4] w20l ‘raised bed farming’
EGU dF77F 7ot Sl RER-
o] edd X oA HAhe 9%
tigh & stz eE 4 ok
A2, ey FRPAIIAE T

A: existing land S fertile soil D: depth can be varied according to different vegetables.

Aee &

salinity. With a same reason,
The Secretariat of the Pacific
Regional Environment Pro-
gramme (SPREP) recommend-
ed the use of raised beds to
protect crops against saltwater
intrusion in several countries
such as Solomon Islands."

(SPREP)2 HIRE2] EF W A &-
EEE 5AEES B55}7] 919
‘Rasied bed farming'2 =9

AE R EAEC 22 UztsolA

ZH8] giehe

[IMG-B-1-2] Raised bed farming in Western Australia
Department of Agriculture and Food, Western Australia

(1]
Wikipedia

SPREP: https.//www.sprep.org/pacc/solo-
monislands

B-2 VERTICAL FARMING

[IMG-B-2-1] Vertical Farming System, called “A-Go-Gro” technology
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Alocalmnventor
has come up with

U coua cana vegge-go-
48,of privately owned Dj

rouna.
And itis the braiinchild of local inventor Jack N
Engincering,

e provorype T, Which consss o1 13 towers;
occupies 1,000 5q m of land at Sembawang Research 4
Centre.

away, in 3p of the Agr ary Au- Tan, who
land-scarce L A v Jan 21, was pleased at
S'pore, to ‘ommally can with the same amount of land. blefams. E
increase the ¥ i i “Farming lealy tends o be
suvp:y g]l lealy e s -l icturesare enorgy-cficien as ke thican mprovo he prochuciiy of
vegetables. |I--)4u~.>.«) and cheap to maintain. Mr Mah said.
Infographics he tomer uses only 1KW of lectriity per hour for

it hich distibutes 1kg of
journalistFADZIL — zmda’ g A bles on a commercial

e s10000 0 s up
shows you how o

Racks rotate

3 times 1o get -
atotalof T
2 hours of
‘cach day.

Vertical farming is a system
to maximize the use of land
for food production. Even
though generally devised for
the high-densed urban area
like Singapore to overcome
land scarcity, it can also be
applied on Tuvalu with its less
dependence on the size of the
site and its soil quality. Pana-
sonic Factory Solutions Asia
Pacific opened Singapore’s
first licensed indoor vegetable
farm in 2014. Now its annual

[IMG-B-2-2] Vertical Farming System
The New Paper, Singapore, 2011, Feb, 15

[1]
Panasonic News Room Global, 2015, 11, 18

TVPR

0 produce vegetab
scale by year-end and to market vertical
farming,
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N

production capacity is from
3.6 tonnes to 81 tonnes and it
is on target to contribute 5% to
Singapore’s local production
by 2016.M (Total population of
Singapore is 5,500,000 in 2015
while Tuvalu’s is 10,000)

TUVALU PROJECT

Added at 2016-06-22

AR o] FA-2 wid 3.6E00A
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TO BE ADDED
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FOOD
FROM SEA

Tuvalu, which consists of nine islands, has a small area Mol oz Y T L= 26km22] &2 HAo|z|qh o]o]
of 26km2, but also has EEZ of 900,000km2, about 34,600 ok 34,6008 27]<1 900,000km22] HE}A AHA| =92 71x] 2
times its size. Category C explores the possibilities for ot} 7he| e C= =t _E'-‘_o o TE_‘ 73 7_(1 A i’ﬂ j}e
the sea as another arable area of Tuvalu. Can wider seas JFsAN e pAasit, Exrso

of Tuvalu become an active production platform to cre-

ate food and various revenue resources, while developing

the tourism industry as it keeps the natural environment

uncontaminated?




C-1 IMTA

mic Aquaculture

ture imp) with o iture speci

(shellfish/herbivor i xtra q 2 e e ems ament
(biomitigation)

Organic particulate
and dissolved waste

Carnivors Biologically
Produce waste cleansed effluent

Organic Filtration Process

Harvest

IMTA

Integrated
Multi-Trophic
Aquaculture

Detritivors
Particulate filtratior
ese frston Macroalgae

‘Mineral dissolved waste fitration

Live rocks
Dissolved waste filtration

Organic
dissolved waste Mineral

dissolved waste

IMTA(CHI e Al A= o)
Al ol 57} o 83k AFE S o] &
ERRE L CEEL SRR UAs
oge Hast o] g Al Aglolct.
of AlATE 7H e Aol -
3o} S)2F(CHAI} 9 D), HerE-
ARHEY, 20, 2) 123 542
HAZ S, S, 4A)E 87
FAROZH 2ol A AL

EOREEREE

==

To minimize the negative

impacts of nutrient pollution
from open-ocean fish farming,
Integrated Multi-Thropic Aq-
uaculture (commonly referred
to as ‘IMTA’) is a system

in which seaweeds (kelps

and other algae), suspension
feeders (mussels, clams, and
oysters), and deposit feeders
HAEE

(lobsters, sea cucumbers, and

&

sea urchins) are cultured in A3t 7] = Ao}, o2 Sof

the proximity of fish cages to o=l 2 | RojA] HalE &2 97

recycle the waste byproducts

[IMG-C-1-1] Illustration of ‘Biodynamic Aquaculture System’
Coral Guardian

TVPR

Added at 2016-07-21

‘Seaweeds absorb and capture
dissolved inorganic waste and produce
‘oxygen through photosynthosis.

systems to recycle waste and minimizg
sea flor impacis. "

of each segment. The dissolved EE52 sl2Fol oalf AvlEa
nurients from the fish and shell- 2T} 872 HA 7 5o
fish are used by the seaweeds, Z)29} T}E BHEEBES o3t
while the particulate wastes Ao 2 AR T

serve as food for the shellfish
and other invertebrates.!"!

[IMG-C-1-2] Illustration of ‘Environmentally Responsible Aquaculture System’
Ocean Conservancy, 2008

(1]

Ocean Conservancy

TUVALU PROJECT

C-2 Experimental Farm

[IMG-C-2-1] Experimental farm off Canada’s Vancouver Island
‘How to farm a better fish’, National Geographic Magazine
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(bottom-feeders)

An experimental farm off
Canada’s Vancouver Island is a
case of Intergrated Aquaculture
- More food, less pollution:
Waste produced by caged fish
seeps into surrounding water to
nourish other farmed products.
Nature’s own water filters, gi-
ant Japanese scallops thrive on
fish waste. The farm also uses
sea cucumbers and kelp to con-
sume excretions from nearby
pens of native sablefish. [/

Added at 2016-07-24
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{filter fooders)

Seaweed
(absorbs nitrogen
and phosphorus)

et W A 23] 925
YA FAFE o B A Ya-
SHRIA 2@ HAaskAlE e
YA Pl 3 ololct. i ol f5-

rlo
T
o

o o3} ArE BAES

22 Anjgol the 4

ofN
i
1o
o2
o2

R ot udgse sulst] e
At chAlnkg e At

[IMG-C-2-2] Experimental farm off Canada’s Vancouver Island
‘How to farm a better fish’, National Geographic Magazine

[1]
‘How to farm a better fish’, National Geo-
graphic Magazine

Auele

C-3 OPEN OCEAN AQUACULTURE OFF PANAMA

In this open-ocean aquaculture
system off Panama, waves

and currents disperse waste
from fish pens moored at sea,
a way to avoid the pollution
and disease often rife in coastal
farms. Raising fish has one big
advantage over land animals:
You have to feed them a lot
less. Fish need fewer calories,
because they’re cold-blood-
ed and because, living in a
buoyant environment, they
don’t fight gravity as much. It

shtot 24 shelol] 121 of olsie

Aol skt 857 uhctol
Ut ool A MAyehE BAE-
5 BT ol e FAFeIA
whelsh 87 943t WSS 9]
g ol ol g 72 2
87 £22 7195 ANt A7
o] Qv 271e wolg BY
27 28]8ths Zo|oh. ol WE
£20|7] W] He gzelg
"o @ ohu, 22 oA YB-
37) W2o] Fe3t se Wt gl

i rle

[IMG-C-3-1] Diamond-shaped fish cages at Open Blue, the world’s largest open-ocean fish farm,

off the Caribbean coast of Panama

‘How to farm a better fish’, National Geographic Magazine

_ Buoys

Feeding tube,
‘camera cables,
and sensors

Mooring grid
anchored to seafloor

takes roughly a pound of feed
to produce a pound of farmed
fish; it takes almost two pounds
of feed to produce a pound

of chicken, about three for a
pound of pork, and about seven
for a pound of beef. )

[IMG-C-3-2] Open Ocean Aquaculture, off Panama
‘How to farm a better fish’, National Geographic Magazine

[1]
‘How to farm a better fish’, National Geo-
graphic Magazine

TVPR
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C-4 GREEN WAVE 3-D OCEAN FARMING

Nonprofit, Green Wave has
won the 2015 Fuller Challenge,
one of the most important
prizes in sustainability with

its 3D ocean farming model,
designed to address overfish-
ing, mitigate climate change,
restore marine ecosystems and
provide jobs for fishermen.
Bren Smith, executive director
of Green Wave , based in New
Haven, Connecticut, has now
perfected a vertical ocean
farming system that only grows
restorative crops, such as sea-
weed and shellfish, to produce
food, fertilizer, animal feed,

[IMG-C-4-1] Green Wave, 3-D Ocean Farming
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The Guardian,’ GreenWave ocean farming model scoops $100,000 sustainability prize’, Oct,

TVPR

cosmetics and biofuel. Each
species is carefully selected to
address a certain environmental
challenge, such as fixing excess
nitrogen, in the case of oysters,
or seaweed that soaks up
carbon dioxide. Requiring zero
input, such as fertilizer, these
farms are designed to have

a negative carbon footprint.
Each of Smith’s model farms
includes hurricane-proof an-
chors on the edges. Within its
boundaries, seaweed, mussels
and scallops hang from floating
ropes. Oysters grow in cages
below the ropes, and cages

of clams hang beneath them.

[IMG-C-4-2] Green Wave, 3-D Ocean Farming
Green Wave website, http://greenwave.org/

TUVALU PROJECT
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GreenWave farms also harvest
salt. Kelp soaks up five times
as much carbon as land-based
plants while oysters filter 50
gallons of water a day, pulling
out nitrogen, according to
Smith. He also said Green-
Wave is capable of producing
30 times more biofuel than
soybeans and five times more
biofuel than corn — without
polluting the food chain.!!)

[1]

The Guardian,” GreenWave ocean farming
model scoops $100,000 sustainability prize’,
Oct, 2015

Scenario Book

Added at 2016-08-13

T3t Green Wave Al <
30l, S HE T 58] T2 Hiol 2

ARE Yol Ar&E 2FAITIA gL



TO BE ADDED

Avele &

TO BE ADDED

TO BE ADDED

TVPR

19



LIVESTOCK
FARMING

Pig raising is an important part of Tuvaluan culture as
a food source, but sewage from untreated management
pollutes groundwater and coral ecosystems. Can

a system of integrated management of livestock farm-
ing protect the environment, secure food, and produce
yet another third resource? Can livestock farming not
be separated from the entire production mechanism of
Tuvalu but interact and function with other parts?
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D-1 ELEVATED PLATFORM

After Hurricane Mattew in
2016, at least tens of thousands
of chickens, hogs and other
livestock were feared dead in
floodwaters in eastern North
Carolina. It also could contami-
nate waters and pose a potential
public health threat.!"! Live-
stock farming structures can be
differently designed responding
to its located environment. In
india, for example, the most
practical goat houses are raised
because of high temperature,

2016'd 3 AQI wlF7F Do
£42 1]= North Carolina®] 5%
2ol M= Hi} SR 5 v ZSE 1t

upg|o] 7tE S0l & Aer
FHRERoH o|& Qg =32

e xRS ZAH7F EA -
At 7t &S Qe 12 EES
7o) YAz FFH e 4A5S -
sto] oh2A fapeld 4= Qltk. A5

Eo], lmollAe] 7 A8H<l
P4 2P= o R2RE o] =3

TZE 7L oW o] &2

[IMG-D-1-1] A flooded poultry operation in Duplin, North Carolina, United States
The Washington Post, ‘Flooded North Carolina farms are likely littered with drowned livestock’,

October, 2016

Avele &

Added at 2016-10-10

heavy rainfall and susceptibili-
ty of goats to parasitism.?!

[IMG-D-1-2] Elevated Flatform for Goat House, India
TNAU Agritech Portal, 2009-15

[1]
The Washington Post, October, 2016

[2]
TNAU Agritech Portal, 2009-15

D-2 PIG CITY (2011)

Pig City, designed by Danish
architect, Nee Rentz-Petersen,
demonstrates the potential for
synergy between pig farming
and tomato growing in a set-up
that significantly reduces CO?
emissions, odour problems and
the emission of nutrients into
surface and groundwater. The
CO? from the pigs helps the
tomatoes grow, and the warmth
from the pigsty heats up the
garden. Pig City can even
generate its own electricity

[IMG-D-2-1] Pig City, Nee Rentz-Petersen

dlok3 71%7} Nee Rentz-Petersen
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ScienceNordic, ‘The future of farming: pig cities’, December, 2011
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D-3 PIG CITY (2001)

Added at 2016-10-15

Added at 2016-10-15
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by means of a biofuel system
which runs on organic fertil-
isers. In this way, the system
brings full circle with the CO?,
energy and nutrient balance.
The Danish government and
parliament have also shown
interest in the new concept

for combined tomato and pig
production.!!

[IMG-D-2-2] Pig City, Nee Rentz-Petersen
World Ostrich Association Newsletter No. 85

[1]
ScienceNordic, ‘The future of farming: pig
cities’, December, 2011
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Gylleseparering

T

Gadning

Varme

Elektricitet
-

Al 2Ell e ojatgtelast olLx],  “In 2000, pork was the most “2000 =fA3L7]= AlAICIA 7F8 But is there space?” AZshs Aot} A2l o] & gIet
QY 7tol St &3 whso]  consumed form of meat global-  @ro] An|Els RHEA T ) 59 283 F7ko] Qlevk”
uith elobs A=o} o)a)x oafat Ly, at 80 billion kg per year. Re- 8009 Z@ 10| 4u|g|gict, - From a project description,
Eohe Ast sin Apgo) zgpg  Conterisessuchas Swine Fever - gag g gojotel iz ge  MVRDVE -MVRDVS] Z2AE ez
Mg Aol ey g o roorand Mouthdiseaseare o o o010 et 2ejol e g o
raising serious questions about
mofgte. pork production and consump- R HAR 2SS o7IN7)7]
tion. As a result, two opposing AAElt Ao g =79
reactions can be imagined. FRHE RS EE e 4 A
Either we change our consump- 227} 48D ES ulto] 2744
tion pattern and become instant o WAz} HAY, B
vegetarians or we change S2| 17]0] AJAF HFALS upR T

the production methods and

. . FIIA YL AFSAI AR Y] =5
demand organic farming.

[IMG-D-3-1] Pig City, MVRDV [IMG-D-3-1] Pig City, MVRDV
www.mvdrv.nl www.mvdrv.nl

(11
www.mvrdv.nl
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WATER
PRODUCTION

This category seeks solutions to water shortages that o] Fte| e FrlEe] ANAIE T} o] A gsjA]
Tuvalu must solve for its residents’ daily lives and agri- Enta2yl vl 2] s Asof & 2 2= 2o i3t 2 Ye mA-
culture’s vitalization. If rainfall is irregular and drought gtet, 7| SR 913 ZH-92ko] B RS R 2 7HEo] ¢ 2
becomes longer and frequent due to climate change, the Y514 WAlse Al3lo]ald Wolgll tjohAol B 232
alternative water resource will be seawater. According to )22 Zo|ct, ZAIT43t 3] (IDA) =, 20154
the International Desalination Association, in June 2015 =

18,426 desalination plants operated world;vide, provid- ’ A _‘i R s 4_2 23 s e A qu! el
. i R AFE 9Je 22 FI3HL k. Az e 2”6’*‘%‘ SHojA
ing water for 300 million people. Can we imagine desal- Batshe s Gast olma A A
nation infrastructure system, that meets the sustainabili- =

ty of Tuvalu in terms of energy and environment?

=
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E-1 Reverse Osmosis Desalination

Applied
Pressure

.

Pure
Water

.
* . Water, flow | Direction
.

Salt Water

Reverse osmosis desalination
system involves forcing the
water through a membrane
with microscopic pores that are
large enough to allow water
molecules to pass through, but
are too small for salt particles.
Reverse osmosis plant system
typically requires considerably
less energy than thermal distil-
lation, and is rapidly becoming
the desalination and water pu-
rification technology of choice,
overtaking thermal processes

[IMG-E-1-1] Concept of Reverse Osmosis

Fresh Water

2% 4 9o o
Gast AT ADEF YA
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n
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Love to Know, Brian Barth, ‘How Desalination Plants Work’

Aee &

Added at 2016-10-19

in market share. (Ghermandi,
2009) But even so, the process
remains energy intensive, due
to the high pressures that are
required to force the water
through the filter membrane.!!

wo] AelE| Ik, shA| T o] 2t
A= 27, 45 Yejuhe
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[IMG-E-1-2] Overview of reverse osmosis desalination concept
www.robertjrgraham.com, ‘Reverse Osmosis and Processes To Remove Salt And Other Minerals

From Water’

[1]
SOPAC Technical Report 437, ‘Desalination
in Pacific Island Countries’

E-2 SOLAR DISTILLATION

Incoming
solar
radiation

Distillate
or

Basic elements in a solar still

1) Incoming radiation (energy)

2) Water vapor production from brine

3) Condensation of water vapor (condensate)
4) Collection of condensate

d

Collection of

through

[IMG-E-2-1] Solar Distillation Process
Mechell & Lesikar, 2010

TVPR

25



E-3 SALT FROM DESALINATION

Added at 2016-10-29 Added at 2016-10-30

Solar desalination is generally Y &t Ala”le dubEo@  Production and disposal of sE7t w2 w7 4389 YA es of being enviromnentally FAR R kel S Qe B S
used for small-scale operations. 2o o] @88 95 AbgEm,  reject brine are an integral ele BE df4 @435t 240 friendly and producing various 7k a1 Qlek. 20020l 2AojR =2
Its basic principle is that the 1 72 e glokad S o] g3 a4~ part of an overall desalination 9Jo]A] Wzl BBo|tt my] 42 types of salts as commercial ‘Corn A WY29] dALE af2 gas}
sun provides energy to evap- SHE 94D Zuy]e Ao, Process. Brine is denser than 2o ulghE R} 9 g7} o} s|oke] products. In ‘Feasibility of salt A A A 37| AZEo]A ]
orate freshwater from saline GOyl =2 upAlof Al Zuk 1. seawater and therefore sinks to ulciol 7hak ohth. Qluka ol production Corn inland RO 22 A THS Ao HRFE-S PDO
water. In solar distillation, the o1 e R the ocean bottom. Therefore, obol Ale C ol smo desalination plant reject brine:
o2 sl HAG £Z717F 78 & . o] Ao o] &FEo] uhE- s (Petroleum Development Oman)

water vapour formed from the el o e it can damage the ecosystem ; B a case study’, (2002), authors N ot v

N Zal A€l T 9oja] & [R=0 L. S A5 ool w7 ) o] & 3 A= E A
evaporation process condenses Setes B oM SAE e =M when it is returned to the ocean Al ‘J E]L} Al dgl =718 analyzed that commercial prod- ol sl st 3SR E 9

. . AAFS 0]% . o i1
on a clear glass or plastic cov- 7t Hol E5el +4dEn. ol continuously, even though typ- ¢ AEACl £4E 92 FE yesofan approximate market oh= #7] 232278 vid oF USD
ering and is collected as fresh- S B SAIUA S WA= jcal ocean conditions allow for At ‘:Hopq o= w7 £5-  value of USD 895,000 can be 895,0009] A7 7k 7} Ql= chafst
water in a condensate trough. A2t Aol b Bl +Z7]7F  its rapid dilution. An alternative B0 BE 4222 ZE8WE  produced annually from the BEES ANE £ o
The covering is used to both oA 5= oJste gk, approach is to further process P LS A= Aol o] 374 Hs}-  reject brine of PDO (Petroleum BEAFcH
transmit radiant energy and Z 7)o Zubg]7] ke x| YAz thereject brine to extract all the  zo) = xoj cjopst 220] 2252 Development Oman) desalina-
allo'w Yvate.r vapour to condense B3 420] YA EET} 2o salts. This has the advantag- tion plants. 1!
on its interior surface. The salt s2Eo MW W02 )5
and un-evaporated water left }
o . . Zo] ZQatchw
behind in the still basin form
the brine solution that must be
discarded appropriately. ['!
[IMG-E-2-2] Solar-Powered Desalination in Hormozgan, Iran [IMG-E-3-1] Saltygloo - a Pavilion made of 3d-printed salt, Emerging Objects [IMG-E-3-2] Salt stacks at a desalination plant in Trapani, Sicily, Italy
Financial Tribune, 2014-12-25 Dezeen Magazine, 2013-12-12 ‘Hold the salt: Engineers develop revolutionary new desalination membrane’, Science Daily
[1] 1
www.sswm.info, Sustainable Sanitation and Feasibility of salt production Corn inland Mushtaque Ahrned, AI-O Arakelb, David
Water Management RO desalination plant reject brine: a case Hoey, Muralee R. Thumarukudy and 3 more
study, 2002 authors
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ENERGY
PRODUCTION

Tuvalu’s annual energy consumption is about 3,300toe
(as of 2006), and it will increase as new industries and
infrastructures are formed. If Tuvalu becomes the first
country that runs everything on 100% renewable energy
among island countries in South Pacific, it will have a
symbolically strong appeal for urging the international
community to act on climate change while ensuring the
country’s independent sustainability. What are possible
ways to produce energy using not only natural eniron-
ment given to Tuvalu, but also byproducts from its
social and cultural lifestyle? Can the way of producing
and consuming energy itself form a unique identity of
Tuvalu?

TRl Azk o] &HF2 oF 3,300t0e°] 1L (2006 7] E),
REERIL ‘E!'F—H%“—J *.MF—} % HWHE EE 740] 100% ZM,*
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F-1 BIOMASS FROM COCONUT

Added at 2016-11-05

Aee &

SGFE(Sustainable Green Fuel
Enterprise in Cambodia) buys
coconut shells, which would
otherwise go to waste, and
converts them into high-quality
char-briquettes that are sold as a
direct replacement to conven-
tional charcoal, for cooking in
homes and restaurants. Because
coconut char makes higher
quality briquettes, SFGE has
also started to sell coconut
shells to some electricity gener-
ators, and buy back their waste
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[IMG-F-1-1] Crushing the coconut shells to make sustainable charcoal.
“Sustainable Green Fuel Enterprise, Cambodia”, www.ashden.org

[1]
“Sustainable Green Fuel Enterprise, Cambo-
dia”, www.ashden.org
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ZAHE

coconut char.!'! The Lakshad-
weep Islands are also switching
to coconuts as a fuel to power
electrical generators to supply
the needs of their residents.
This may mark the first time
ever that a government has
chosen coconuts as a staple
power source.?! Theoretical
availability of coconuts for
biomass energy production in
Tuvalu are 7,469,739 nuts per
year.!

[IMG-F-1-2] Bagging the freshly made briquettes.
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“Sustainable Green Fuel Enterprise, Cambodia”, www.ashden.org

[2]
“Coconuts for electricity?”, www.itechpost.
com, June, 2013

[3]
Tuvalu Renewable Energy Study, The French
Ministry for Foreign Affairs, 2006
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F-2 ANAEROBIC DIGESTION:

BIOGAS

Food Waste

Compost Fertiliser

Anaerobic Digestion is a
natural decomposition process.
Through this process, biomass
is converted into a variety of
resources such as organic fer-
tiliser and biogas under oxygen
free conditions. In anaerobic
digestion process, microscopic
bugs are used to breakdown
the waste food into sugars,
fatty acids and amino acids.
Other strains of bacteria then
change these substances into
carbon dioxide and methane.

Heat Electricity Transport

Fuel

CEEPCASEEEELEE
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[IMG-F-2-1] Anaerobic Digestion Process, OLLECO , United Kingdom

www.olleco.co.uk
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Organic Wastes

Added at 2016-11-19

H

N

Anaerobic

De-Dust g__@

i

Fermentor (H,)

&

Silo Sludge Mill Bio: gas,
pH Control CH. Power
* E and Heat
| De-\Vater
——
Anaerobic

Fermentor (CH,)

The methane is then captured
and used as Biogas or a fuel

to power generators which
feed electricity back into the
National Grid.!"" Anaerobic
digestion can be applied for or-
ganic wastes in Tuvalu and its
biodegradable wastes (kitchen
/ garden wastes) are 52% of
total amounts of national solid
wastes.

Organic
Fertiliser

Soll A& & glon £H2 A
2e|719] o Foll A AYaal/g 22-
7l (RYolu FeollA o)
°oF 52%E A5k AUt

[IMG-F-2-2] Anaerobic Digestion Process, Tritec ROC Inc., Canada

www.tritecroc.com

(1]
Anearobic Digestion Process, OLLECO,
United Kingdom, www.olleco.co.uk

TUVALU PROJECT

F-3 BIOGAS FROM PIG MANURE
(Including Human Manure)

Pigs and men’s manure can

be turned into clean methane
gas . The manure and other
biological waste are put into the
mixing chamber. Then, water

is added (just like a toilet) and

o] Al2loll A shx)oh Aete] v 2
© 7hng v hag gast,
CEERPE P EEEACE
8714 W25 g 2ol

E& HeiFo] 4529 vigo 7ha)-

[IMG-F-3-1] Using biogas from pig manure at the kitchen, Khorat, Thailand
Biogas research by Prof.Sangrawee, Suranaree University, Thailand

https://mattinthailand.wordpress.com/2010/02/17,
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The farmer
shovels manure

and pours
water into the
biogas
digester.
Pen for The main part of
A the digester is an
plgs"alnd underground hole
il with a bottom that
slopes away from
nnan the pen.

The methane
gasrises
to the top of
the digester.

»

Added at 2017-07-17

a The farmer

periodically
opens the
cover on the
far side of
the digester
and takes
out leftover
materials.

A tube carries.
the gas from
the top of the
biogas
digester into
the kitchen.

The tube is
connectedtoa
burner that can be
used for cooking
and can be turned
onand off as
needed.

The farmer
uses the leftover
materials as
fertilizer to
grow crops.

The manure
and water falls
to the bottom

of the hole.

Microscopic animals
called microbes digest
the manure.

Asa byproduct, they emit
agas called methane.

flushes them down into the
digesting tank. The slurry in the
tank is digested by microbes
that produce methane gas. This
gas is piped into the kitchen or
other appliances. The sludge
that is left is routinely removed
to provide compost for plants.
(I Currently, total annual pro-
duction of pig manure is 3,600
ton and total annual theoretical
production of energy from it is
771 toe. For reference, domes-
tic kerosene use in Tuvalu was
estimated at 263 toe annually
and 170 toe of energy was con-
sumed for air transportation.”

il

After the
methane gas
is released,
the leftover
materials slide
down to the

far side of the
digester.

il
Sol 9J5) A5 EHA mg 7tAE
AYArshe whAloth, o] 7kAE Thol-
5 5ol #L} o2 7]7] 50l
SFE, AN AAZ 5L F714-
glglo] A 55 gt HER
2207 Heh i A EgrolA] wid
AAtEl = 2] 9] uj B2 3,600E-
o|u o= o] X O & 771toe?)
oA & gate 4= Qlok Faz
o Edk2 o] 7hA ol A] 0]
A 272 263toeo|H] FF skl
170toe”} AH|Hch@

[IMG-F-3-2] Biogas Generator System from Pig Manure

Heifer International

[1]
“Resilient Entrepreneurs Abroad: Buildi
Biogas Systems in Kenya”, Waldenlabs, 2012

[2]
Tuvalu Renewable Energy Study, The French
Ministry for Foreign Affairs, 2006

Auele

F-4 OMEGA PROJECT 2009-2012

Offshore Membrane Enclosures
for Growing Algae (OMEGA)
is an innovative method to
grow algae, clean wastewater,
capture carbon dioxide and

to ultimately produce biofuel
without competing with agri-
culture for water, fertilizer or
land. NASA’s OMEGA system
consists of large flexible plastic
tubes, called photobioreactors.
Floating in seawater, the photo-
bioreactors contain freshwater
algae growing in wastewater.
These algae are among the
fastest growing plants on Earth.
The algae use energy from

the sun, carbon dioxide and

OMEGA (Offshore Membrane
Enclosures for Growing Algae)
Z2AEE 2RE AU H4E
gskstn] ojdste A S EUo RN
TFALE 2, HE = EAE
ZRE ste A BASHA ¥,
Hpol 2 ARE ALY 4 Ut A A-
2l #h¥olct. NASAS] OMEGA

Al 2812 photobioreactors(34 &

g7kl 2E e 20 fAT

Zehad Ruse P40 Ytk
ahch Slof Rgat HEIE B e

[IMG-F-4-1] Laboratory monitoring system for algae growing on wastewater
“NASA’s OMEGA Scientist Dr. Jonathan Trent”, Algae Industry Magazine

Solar Energy

Added at 2017-09-26

OMEGA System

Aquaculture

oring pas®

Treated Wastewater/CO5

nutrients from the wastewater
to produce biomass that can be
converted into biofuels as well
as other useful products such
as fertilizer and animal food.
The algae clean the wastewater
by removing nutrients that
otherwise would contribute to
marine deadzone formation.
The OMEGA system is being
investigated by NASA as an
alternative way to produce
aviation fuels. Potential impli-
cations of replacing fossil fuels
include reducing the release of
green house gases, decreasing
ocean acidification, and en-
hancing national security.!!

[IMG-F-4-2] Diagram of OMEGA System
“OMEGA Project 2009-2012", www.nasa.gov

[1]
“OMEGA Project 2009-2012", www.nasa.gov
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F-5 ROBOTIC KELP FARMS F-6 SOLAR PHOTOVOLTAIC

Added at 2017-09-27

In California, working with Zig]Zole] AEFEQ] 719, Ma-  all the difference as they allow B ol & A 5k, vholl=  Tuvalu has a long history of FUR s EAbE A7) ik 9l Hl-
the University of Southern rine BioEnergy= Universtiy of ~ the kelp rows to navigate A2 745 T Sojrt Wesk  photovoltaic use for decentral- 3 "bd o] ol JAE ZpR| 1
California, Wrigley Institute Southern California®t Wrigley ~ from the top sunlight filled ook M8t & glw2 g} o]  ized electricity production. The ok WA =z a8 1980 o)
for Enlvironmc.:ntal Studies Institute for Environmental ~ ©¢¢an water during the day to AEFEQ] 7|9L S HAT A ﬁrst program was devel.oped 2ol A ZE O HAY EjFY
and with funding from the Studiese} 37 1]= ofuix] = e} the deep-down depths where orE AL Hoz D the early 1980°s and it has s e Eulzo] A 25t A4

U.S. Department of Energy, needed nutrients are found

become the most important
. oS AT A G Fo] M-S Ho . .
Advanced Research Projects 1525 ATARZE WP 2 e, at night. The startup is also

2 7
AxE dloletjd AR HIZHA]- . ol 2] Atio] =t} 2 20144
renewable energy industry of

. . n= AA 1ELH A0 10%S . . . . Y B2 Ay YA 9ot SA
Agency, Marine BioEnergy 15 A e A5 10%E working with Pacific Northwest Tuvalu. Currently, in Janu- 1€, BHRE 17] AHS 918t &4
C27 2 =z L 0 35193 . . . Z 0] Al e Zo ol 5l
sees a future where up to 10% EEH 2 ALY eSS 8l National Laboratory, which has ary 2014, Tuvalu signed an AEof AH8-= Ee17] 913 UAE
of U.S. transportation fuel is Zejdll Ax(s)zo] 4F)E 531 developed a process to convert agreement with MASDAR, a #87)3Q] MASDARE R E 3007+
coming from kelp grown in the Aabe s As S35k ok, kelp to biocrude.! UAE Government company, Usgel & fxihol £-=01 FEUEE
ocean using drones and other 59| A AHOJA, EREL Yol which will provided US$3 ol9le] o|H HES ejgHHs}sty)
high-tech tools. In their system, ADES A 9 RO @ o] ZA|A million in aid to help Tuvalu o]3l Aloke | Astqict. ok 20149
drones could end up making solarlzedthe ou;er 1slandsf, S0<l wAUNCo 93 AT(EU)S
as to reduce reliance on fossi
fuel for electricit " Fho] o A Sof HiE g 7]k
uel Tor electrict cneration.
Ve B W A AR A5
In 2014, New Zealand and
. o&l A A YL 57| 2 Tholsly
the European Union agreed to Aol A8 A €S et7l= gefstlet
provide finance to the Gov-
[IMG-F-5-1] “Kelp Elevator” moving by drones, Marine BioEnergy [IMG-F-5-2] Concept Image of “Kelp Elevator”, Marine BioEnergy [IMG-F-6-1] Solar hybrid mini-grids on Tuvalu’s outer island
“Could These Robotic Kelp Farms Give Us An Abundant Source of Carbon-Neutral Fuel?”, “Could These Robotic Kelp Farms Give Us An Abundant Source of Carbon-Neutral Fuel?”, Renewable Energy in Small Island Grid: Case study-Tuvalu,
www.fastcompany.com, 2017 www.fastcompany.com, 2017 Julia McDonald, IT POWER Renewable Energy Consulting, 2016
[1]
“Marine BioEnergy” going to great lengths
to kelp the environment”, BiofuelsDigest,
2017
TVPR TUVALU PROJECT Scenario Book



ernment of Tuvalu to install
battery-backed solar photovol-
taic (PV) systems on the outer
islands. From January to March
2015 Powersmart, a New Zea-
land company, implemented
German solar power technol-
ogy to build the new Vaitupu
powerhouse with the next
solar-hybrid system being built
on Nanumaga in September.
The 2015 installation program
continued with Nanumea in
October and Niutao in Novem-
ber.l! (It is not clear how much
these installations contribute
on Tuvalu’s dreaming future

as 100% renewable energy

2015 1956 397k RAHE=

3] AFQl Powersmarts 5 B L
2 71&S F+3ske] Vaitupuoll
HFT TR E AR, 9ol
Nanumaga©ll Ej%f stejHa =

Al AR S AR5kl 20151 100l
+ Nanumea©l, 11€0°]l+ Niutao©l|
HFg LA o] A=t
(o]2fgt Al Eo] TRt A jFst=
100% Z2goll 2] AL-g Z7tE Al 2]
n)ejol] dupekE 7]of5ka Qe A=
g&teta] gt £ 201740l
HF v aters et

sh= =A] @2]9l International So-
lar Allianceol 4402 7}Q)5}-

Atk T 159 FH w0l 2

ol

[IMG-F-6-2] Solar Panels on the roof of a stadium in Funafuti
“Tiny Tuvalu aims to be climate neutral by 2020”, NBC News, 2009

[1]
Wikipedia

Aee &

Added at 2017-09-27

country.) In 2017, Tuvalu has FkRo] gk oA A4t Al AH] o]

formally joined the Internation- — #+st W33} A S& B A x| o] of
al Solar Alliance, an associa- s}, o] AlAEo] HFHA T} A4
tion of countries that seek to F1=HE S A=E ofof 3 Ao|rh

ramp up production of solar
energy. ! However, lessons
and challenges regarding solar
energy production system in
Tuvalu have to be analyzed and
its suitability and sustainability
should be verified.

[2]
“Fiji, Niger, Tuvalu join International Solar
Alliance”, ETEnergyworld, September, 2017

F-7 PELAMIS WAVE ENERGY
CONVERTER

The Pelamis absorbs the energy
of ocean waves and converts
it into clean, green electricity.
The Pelamis is an offshore
wave energy converter that
uses the motion of waves

to generate electricity. The
machine operates in water
depths greater than 50m and
is typically installed 2-10km
from the coast. The machine
is rated at 750kW with a
target capacity factor of 25-40
per cent, depending on the

Pelamis& T=9] oY A& &4
stof 7fZetaL A skA l A7) =
et} Pelamise H715 A4-
5t7] glal sheo] §HYEE ol §-
Shz 2l 1Hg ofjuA] #gkrjolch.

o] )= 50m o|4+e] £A1g 7K
oA ZhF3to] ArkA o2 et
ol 2-10km Gl R A2l A= ddt.
Pelamist AeH T2 A E §7o]
Z2l0]| whe} 25-40%2] 53 &
A% 750kWe] g Yaret
BHHA oz shre] 7|47} < 500

i)

[IMG-F-7-1] Pelamis Wave Energy Converter at Sea

www.pelamiswave.com

TVPR



conditions at the chosen project 7Fe] A7+ g 285 FFAZ &
site. On average one machine 9l 223l Aele Tt} o
will provide sufficient power 717 A= 20049 Kz g2o]
to meet the annual electricity Aeut A o 2 A M
demand of approximately 500 Aejnpol] 72 Lol A2at

homes.[ The Pelamis became
the first offshore wave machine
to generate electricity into the
grid, when it was first con-
nected to the UK grid in 2004.
Pelamis Wave Power then went
on to build and test five addi-
tional Pelamis machines: three
first-generation P1 machines,

5tie] PalamisE F7F2 AAstar
HAESHIT o] F 141ty mdlel
‘Pelamis P1’ 3th+= 2009 E -
T Aol HAEH L,
24te 2e ‘Pelamis P2’ 2th=

[IMG-F-7-2] Wave Energy Converters: Attenuator - a) single tube section, b) hinged joint,
¢) cable output
ENERGY INDUSTRY CHLLANGES, Blazej Olek

TVPR

which were tested in a farm off
the coast of Portugal in 2009,
and two second-generation
machines, the Pelamis P2, were
tested off Orkney between
2010 and 2014. Unfortunately,
the company went into admin-
istration in November 2014,
with the intellectual property
transferred to the Scottish Gov-
ernment body Wave Energy
Scotland.?

[1]

www.pelamiswave.com : Website of Pelamis

Wave Power

TUVALU PROJECT

F-8 POWERBUOY

Added at 2017-09-28

2010 5E 20143714 Orkney &
Rt A B|AEE whith E5HAI=
Pelamis Wave Power &AH=
2014 11¢ mhibslela, A B &
AH AtEE AT ERE HH
7121 Wave Energy Scotland2
AR

[IMG-F-8-1] About 3.4m of the 12.8m long PB3 PowerBuoy
“Ocean Power Technologies Deploys Commercial PowerBuoy with Energy Storage”,

Powermagazine, Sept, 2016

[2]
Wikipedia
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Heave Plate

Cable to
Shore

Sea Floor

PwoerBuoy+ He 0 2 K E]
A7) olJA & gatstet, ZRIE
TAl, Ee FRAQ o] A

A2 A|A 93l =] Fol-
AU AE FolARt T2 S5}
o] =ol] 9J x5k}, PowerBuoy+

PowerBuoy is a power station
for generating electrical energy
from wave power. It is a point
absorber or buoy, currently
in-use or in-planning at 9
locations around the world,

but primarily within Australia
and the United States. The 8 HUE AHgSte] oliAE
PowerBuoy generates power Aitet, g He Aol &S
using a hydroelectric turbine. =3l Mol AAE ALY
PowerBuoys can be connect- A AN AFEHoE &8
ed to the electrical grid by g 4 9lt}. PowerBuoy:

ower transmission cables or .
P O Rax]0] §13]% Ocean Power
can operate autonomously in

[IMG-F-8-2] Individual PowerBuoy and undersea substation
Ocean Power Technologies

Auele

a deep water environment.
PowerBuoys are manufactured
by Ocean Power Technologies
(OPT) in Pennington, New
Jersey. The rising and falling
of the waves offshore causes

the buoy to move freely up and
down. The resultant mechanical

stroking drives an electrical
generator. The generated wave

power is transmitted ashore via

an underwater power cable.!!]

(1]
Wikipedia

Added at 2017-09-28

Technologiesoll 9J3) 7Hd 2 &%

slglon, 2ae Es} o 2e

Ueleketel tet REE 2587

gHo|RiA ol Fal Walshs

ZIAA R BH A 50 7] ER7E
TFEA7IE 922 AFso. Add

dge #3548 Aolee Sl

4oz gt

F-9 ISLAY LIMPET

)

Islay LIMPET2 A3 £ = ut

o 4#] ARl Wavegenoll 2]s)
ZHEEE] 131 20001 BE] 2013 7}14]
P AR EME 52 Orkney A2
siet Aol A 7Hg = ATt Islay
2193007}l Mg 3FT 4
& 250-500kWe] B S7FS Hf-
3t LIMPET-2 AlA| 2|22 2ol
A= o] /483ty mhe oA
x4t LIMPETS WA 7)o 528&
St HYlo® 375 45

YL sheo) gA Yol ofs

Islay LIMPET was created by
Scottish wave energy company,
Wavegen and operated from
2000 until 2013 on an exposed
cliff edge in the Orkney Islands
off northern Scotland, UK.
Having a generating capacity of
250-500kW that can power 300
homes in Islay, it was the first
commercial scale wave energy
device in the world connected
to the grid. Islay LIMPET uses
the “Oscillating Water Column
Technology.” This relies on the

il

=y

[IMG-F-9-1] ISLAY LIMPET

1) Wave capture chamber set into rock face

2) Tidal power forces water into chanmber

3) Air alternately compressed and decompressed by “oscillating water column”
4) Rushes of air drive the Wells Turbine, creating power

“How it works: Wave Power Station”, BBC NEWS, November, 2000

TVPR
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motion of waves compressing
and sucking air through a tur-
bine which powers a generator.
' Wavegen was sold to Ger-
man company, Voith in 2005.
However, citing a poor return
on investment, Voith decided to
close down Wavegen choosing
to concentrate on tidal power
projects in 2013.

[IMG-F-9-2] ISLAY LIMPET

Added at 2017-09-29

25 =k 2005 Wavegen2 5%
3]kl Voitholl wjzt=|9lct. 2ajut

Voithts ekt F4 59 g olf.2

ISLAY LIMPET POWER PLANT, The Queen's University of Belfast, 2002

[1]
The Renewable Future for the UK, Nicolas
Thomas, 2005

TVPR

[2]

“Not just Riding the Waves, These Competi-
tors Seek to Harness Their Energy”,
InsideClimateNews, March, 2016

TO BE ADDED

TUVALU PROJECT

TO BE ADDED
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TRANSPOR-
TATION

The amount of fuel consumed by two vessels connecting
all nine islands in Tuvalu accounts for 36% of the coun-
try’s total energy consumption. The means of transpor-
tation and the sustainable supply of energy that facilitate
close exchanges between remote islands are important
elements that bind future Tuvalu into a powerful pro-
duction cluster. Can we imagine the self-sufficient power
of the entire Tuvalu body’s arterial vessels and capillary
motorcycles to work vigorously?

U2 A 9 S dAsE F H o] HutEo] &H|E
A8F2 27t AA| oA AuFe] 36% At Qict. W
g 3t 2559 1 oo
njee] FHr2 g g shte] Yit
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G-1

From 2015, ‘Sustainable
Marine Biofuel Initiative’
that consists of three pro-
ject partners, Boskalis(NL),
GoodFuels(NL) and Wirt-
sila(F1), has been imple-
menting a two-year marine
biofuel testing and pilot
program. During these two
years, a number of biofuels
are tested in Wirtsild’s lab
and engine-testing facility,
and on board Boskalis
vessels. The aim of the pro-
gram is to overcome techni-

BIOFUEL-POWERED VESSEL

Boskalis (U@3t=)2} GoodFuels
(dgsts), 283 Wartsila(HHE),
olZA Al 71922 LA H ‘Sustain-
able Marine Biofuel Initiative’&=
2015\ 55 2d 2to] Ao = s
Hole AAg HAE WAy Z2-
a58e Alsgstar Qlet. o] 2 FoF
Wartsila®] AEA 7} X HAE
Al 18] 1 BokalisQ] AHHSof A
Cho] vho] @ A5 Eo| HAEHT
o] ;e Igio] BA-2 Y Hio] e
Ao EAE 4= Q= 7IEAHA

AHES ZTE5LT A 2L Hlo]|Q

T oo . AR 7185 A}, 5o
cal barriers that may exist
Y Aol vhol © AR} el 59
for marine biofuels, explore
[IMG-G-1-1] The biofuel test engine in the Wartsila laboratory in Vaasa

“Will biofuels become a significant alternative fuel for shipping?”, 2016,

Seatrade Maritime News

TVPR

Added at 2017-09-30

Sustainable
Marine Biofuel
Initiative

d

Al Boskalis

SUPPORTED BY:

@ ZERO (i Peethmerien 2 1t

new biofuel opportunities and
create trust in the market that
biofuels are suitable for ship-
ping.[' On September in 2017,
energy providers BHP and
GoodFuels signed a Letter of
Intent (LOI) to collaborate on a
biofuels pilot project in Singa-
pore at the biofuel roundtable
organized by the Maritime and
Port Authority of Singapore
(MPA). Slated for operation
next year, the project is part

of a greater discussion on the
use of biofuels as a sustainable
alternative fuel for the future of
shipping.™!

GoodFuels

MARINE

WARTSILA

oz oz Helsithe A E
FZ35he Zolthin 20174 99, olld-
A] 3|AFQl BHPS} GoodFuels&
7VEE S FRHY (MPA)o]
F2]3t Hlo] @ A7 2}2 CE|o]Eof|A
A7tz 2o] "ol 2 g AHAIY 9
e A AFA (LoD HB-
ShATt. 2018 A F-E] A3 o] Al
oefe] g &S A A& s

A A2 2A Hol2 Az

SEE
g Zo|ch

[IMG-G-1-2] Sustainable Marine Biofuel Initiative

PPMC, Paris Process on Mobility and Climate

[1]
“BHP, Goodfuels to test biofuel for marine
vessels”, American Shipper, Sep, 2017

TUVALU PROJECT

[2]
PPMC, Paris Process on Mobility and
Climate

G-2 SOLAR-POWERED VESSEL

[IMG-G-2-1] Installation of Marine Solar Power
Eco Marine Power

Scenario Book



2 ¥ 9] Eco Marine Power (EMP)+&
Aquaris Marine Renewable Ener-
gy (MRE) 7|& 9] Hul & 2018 F- ¢

Japan-based Eco Marine Power
(EMP) plans to set sell in

2018 with its Aquarius Marine
Renewable Energy (MRE)
solution. It’s the world’s first
combination of a rigid sail and

AZshs A" 7k AL dot. o] 22

EnergySail?} 22 EMP2] £3

. 71e8 ARESt] MA Hx2 A

solar power system for ships 5] Festel A J‘l o
o Z 5ol & o
using EMP’s patented technol- =2 Y oA S 2 Aol
ogies, including EnergySail. Abellelct. oot o] =34eh thdztel
After finding strategic partners ~ “H% ZE2HEo] Fod} 71&& &

with the necessary skills for A StEYE 22 ol
such a complex, multi-year
development project, EMP will
integrate its Aquarius Marine
Renewable Energy system into
a vessel owned by Hisafuku
Kisen K.K. of Onomichi, Ja-

pan. At the heart of the system

EMP+= Aquaris Marine Renewa-
ble Energy System= 4+

9@ %-1]x]9] Hisafuku Kisen K.K7}
ot Qe Alekoll 48412

7| &lo]t}, o] AlAEle] Ao =

A 7HA] A A o7 71eS B

[IMG-G-2-2] Aquarius Eco Ship by Eco Marine Power
“The ships that could change the seas forever”, BBC, Sep, 2017

Aee &

Added at 2017-09-30

is the EnergySail, a rigid sail o A, 7et A7 = 2oy s
that can incorporate a number st thofst Aldto] A il% 29l
of renewable energy technol- 7+ £9) EnergySailo] 9ok

ogies and be installed on a sh, Th2 3)A1Ql Swire ShippingS
wide variety of ships, including 201740] Micronesian A=

tankers and cruise liners.!' In
. Fr9] gt b HolM 22 E B -
2017, another company, Swire

Shipping announced that it had A2 AY 2R GRS
trialled a prototype cargo ship HeE e dee dBshs Ae
on one of its routes around the SEE5H= 0] 250 FFES] Ak
Micronesian islands. Aiming Zol7k 35m o™ ey HAHo 2
to link islands in the South Pa- =5 1gj7}etE o w27} A%
cific, the 250 deadweight tonne =)o} Qit}. 7483k sHE o] gake
prototype vessel measures oF70UjEY & B2 A7 Ho|
35m in length and is equipped 209S el 4 gkl

with a 1 megawatt hour battery
powered by solar panels. Cargo
capacity is around 70 metric
tonnes of cargo or up to 20
persons.?)

[1] [2]

“The Aquarius: Powering Ships with Ship & Bunker, News and Intelligence for the
Renewable Energy”, NauticExpo e-magazine, Marine Fuels Industry, Sep, 2017

Sep, 2017
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G-3 ALGAE POWERED MOTOCY-
CLE

A designer and a biofuels vgd=teo] tjatojue} Hloj @ A=
Heats 27E 58S 3Fote

L EHlo] 5 7sl7] Qi3] g —TL“—
ek, Peter Mooije oAl &

scientist from the Netherlands
have teamed up to build a

motorcycle powered by algae.
Peter Mooij researches biofuel

. ) . HE Hiole AR E Aibsthe= 7/1%
production with microalgae.
L At 201610 WEE Fofol Al A
The scientist, who completed .
B35 AL Ehel B H 5T s

his PHD in biotechnology at
Delft University of Technol-
ogy in 2016, has developed

L dg gAtstr] Qs sigroll A 2F-
£ Ak WS skl ol 5
v O & Mooij9] %1491 Ritsert
Mans+ HO|2 A8 2 55 +=

L EHlo] & RISV 2 AA R

1

a method to grow algae for
oil production in salt water.
Inspired by this, Mooij’s friend
Ritsert Mans decided to build a

[IMG-G-3-1] Wooden Motorcycle that Runs On Algae Oil
“Dutch designer creates a wooden motorcycle powered by algae”, Inhabitat, Aug, 2017

TVPR



motorcycle powered by the bio-
fuel. Mans built the frames and
springs of the bike from wood,
used cork for the dampeners,
and hemp for reinforcement.
Mans and Mooij’s algae pow-
ered motorcycle has had its first
test successfully on a beach in
the Netherlands in 2017.01

[IMG-G-3-2] Algae Oil using for Motorcycle

Added at 2017-09-30

Manst 2 EHpo]9] 2|l a}
2ug S 9Jsf HRE, dEE sl
F23g 183 B72S 98 tuts
AESHRITE 20179 HEgtES
SfHoA D150 27 2R 5
E& e EHlol= 4E3H o WA
E|AE g mpxithu

“Dutch designer creates a wooden motorcycle powered by algae”, Inhabitat, Aug, 2017

(1]

“Motorcycle powred by algae oil passes
first test”, BIOFUELS INTERNATIONAL,
May, 2017

TVPR
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WASTE
MANAGEMENT

What can be a waste management method suitable for
Tuvalu’s location and environment? Tuvalu’s small pop-
ulation and traditional community-based political sys-
tems provide the possibility to quickly and flexibly test
new alternatives of waste management system. In this
process, can we also explore the possibility that Tuvalu’s
unique industry will come into being?
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H-1 SUPERSOL H-2 RECYCLING PLASTIC TO 3D
PRINTING FILAMENT

Added at 2017-10-01

i = cullet Mill Powder Sifter Powder Conveyor

Crusher

ing Machine

Baking Machine

without any of its resemblance. ~ E&o|t}. o] &= 7Hi1 ©dsty  Social enterprise Prontoprint Q1= Puneo] 2012 A H A}3] 7]
This material is lightweight yet tloFsl 8zof uhA e= 2 glct,  founded in 2012 in Pune, India 714} Prontoprint= Pune 7|%ke]
rigid and is highly adaptable =3t Supersole H¢ BT} SAFSH partnered with SWaCH, a 2e7] $7 wEAFS0| £S5
to its Vari'ous intet'lded uses. 7428 AT Yot Gk 1 Pune-based coope'rative wholly )= W= 23 SWaCHS} ThEY-
Supersol is eco-friendly be- 2912 £4 gso] HES Wk owned by waste pickers. To- 2 Wolth. 152 pune X9

cause its contents are similar to
natural soil; and because of its

gether they have set up a low-
cost plastic filament production

o)

5

rlr

uj

e
o
=2
>

Ad fedskAl & 271l 22kAE H7]E& 3D

inorganic property, these rocks Az ol o] T o] A2 facility at a local rubbish dump =g P E (3DZE
do not ignite nor attract pests. EE A% 59, 4% 84, 24,  in Pune operated by SWaCH Y2 & HEst= YA IS
This “miracle rock” has proved 714 o], W& B 9 ojz} ok waste pickers to convert plastic  A|fl1, o] 7|4 At LM ES L

Glass to Supersol recycling, a F2l& AH&85to] Supersole  significant in the following 87 EQF /T e o8 Hop.  Wwaste into 3D printing filament 01w rri zx) 3p malg ArSo)

new revolutlf)nary technology AAFE| U= A Eo] A 2e FiA ol appl%catlons: 01v.1l engineering, Soj 293 ABte B & Qe (the ink for 3D printers) ‘Fo s}, o] AAF 2A-S SWaCHe)]

from Japan, is the'favorable 714e 7|Z0] galojA Sal= archltecFure, agrlcultl.xre, aq- Aoz =meoich eve.ntually.be sold to I.nd'lan 7] 2A =S| o)3A]

@ethod for recycling because YA HEA S LAsTh ua—farn.nng, lgndscaplng, home or international 3D printing

it surpasses the former glass - ~ gardening, rain water preserva-

. . HollA A5 Hct. Supersol2 H-7- . L .
to glass recycling. Supersol is el : tion & filtering, insulation and
. . oS0zl oa| ek .

a porous, rock-like material B2 e ol feohs soil-improvement.!)

manufactured from waste glass Al o, el A 22

[IMG-H-1-1] Supersol from Glass Powder Mixture [IMG-H-2-1] A worker washes shredded plastic waste for recycling at Prontoprint

Waste Expo, Las Vegas Convention Center, June, 2016 “Could 3D printing help tackle poverty and plastic waste?”,

Guardian sustainable business, Nov, 2016

(1]

www.trims.co.jp
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companies.! In 2015, NASA
awarded Washington-based
technology firm Tethers
Unlimited, Inc. (TUI) a Small
Business Innovation Research
(SBIR) grant to continue devel-
oping its Positrusion Recycler,
which recycles plastic waste
into 3D printable filament, for
use aboard the International
Space Station (ISS).1?!

Added at 2017-10-02

SYE M 2015 NASAE

AAE 714 SARRI TUI| 4| &3
A%l 22U 4 Y= Positru-
sion Recycler(ZFetAE #H7|1 &5
3D ZHE-§ HeHlER 228
sk Ax)) Y S ALE 5

A== SBIR A F-& Fofstgiet.”

[IMG-H-2-2] The Refabricator being tested before its space debut, NASA
“The Refabricator Will Be Recycling Plastic and 3D Printing Onboard the ISS Next Year”

3D PRINT.com, Sep, 2017
(11
Guardian sustainable business, Nov, 2016

[2]
3D PRINT.com, Sep, 2017

Auele

H-3 SEMI-AEROBIC LANDFILL

The “Fukuoka Method” is a
sanitary landfill system that
was developed by Fukuoka
University and Fukuoka City. It
is characterized by its low-cost
and simple landfill improve-
ment technology with which
leachate collecting pipes,

gas venting pipes, etc. can

be installed, using materials
and techniques available in
developing countries, with

the purpose of expanding an
acrobic area inside the landfill

“Fukuoka Method”= &7 27}
Algt &30 7} tisto] Zkg
YAl 212 7] miy A ARlot}, of
Aladle] B Y HE
2] yj5o] 27144 do2 -
stz fls 7 =4 Ulel 7He-gt
Azet 71&S olgsto] A&
ER, kA S 58 XS
ozH Ao ulgoz zHHs|
287] g A& NS 4= Q=
7]%oleke ol o] W2

2= W72 28 A FHo| 3

o,

[IMG-H-3-1] Fukuoka Method employed at a disposal site in Labasa, Fiji
“Creating a Sound Material-cycle Society in Small Islands”,
JICA-Japan International Cooperation Agency, June, 2015

Added at 2017-10-06

/le!srumbﬂng
Gas ventilation system

layer of solid waste. Not only

can this method reduce the 1Y H7| 2o oS st&sketa,
impact on an environment H242 o W) AAS D, WA S
around a final disposal site, o 9% ok aet 4 9l mut
while accelerating the break- cems e
2 A &5 = wE

down of landfilled solid waste, ohzh s Aol HhE e e
7tAE FYo =M A 2dE

stabilizing the landfill site
earlier and removing leachate
more quickly, but it can also
contribute to preventing global
warming through the reduction
of methane gas emissions from
the landfill site.["!

Aol 7] 4 QAo

[IMG-H-3-2] Semi-aerobic Landfill Mechanism
“The Fukuoka Method(semi-aerobic landfill) attracts the attention of the world.”
kommusuri.files.wordpress.com/2015/08/fukuokawastemanagementmethod.pdf

[1]
“Creating a Sound Material-cycle Society in
Small Islands”, JICA, June, 2015
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NEW SOURCES
OF REVENUE

Some of the systems introduced in the preceding cate- 9 71| A|ARIE-2 oju] £¢ o]
gories already include products that can be sources of t}. o]o HajA ErtZEo] 27}
revenue. In addition, what can be the new industry that L 2L AL ojo] & &
can be tried to increse Tuvalu’s national income? Can ? 21417] dx| =ur2o] shA|9} o] = 2B}y 93t A A
the limitation of Tuvalu as of the 21st century kS o] A AAF MBS Aol AAL o3 E5FA o
and the practice of experimental alternatives to over- 72 o] = Atle AH|FFE tjare] el ZA|Hojahm
come it become a trigger for the imagination of new
industries? If the extent to which these industries are
consumed is international, Tuvalu’s issues would be
promoted and its message would have influence interna-

tionally.
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I-1 TOURISM INDUSTRY BOUND WITH SUSTAINABILITY AND TEST-
BED

Tuvalu has clear limits to take FHR = o] 25k m x| eF e e}
the tourism industry model of So] B A nElS IfE 5}
neighboring Fiji-like coun- Zloll= Brist 5122 744 1 9t
tries. Ar.1y plans to expand Eurso) g A S EukEs] .
the toruism sect(?r of Tuvalu 7 9l BAS 3 o) oS stol
have to be done in the context ~ )
B Eohs e Lojlaf 1 g
of the problems faced by the . ) N o
. A oF 3}l R & A S
country and its struggles.!! wAEofoF Ak A% 7SS
oo -
Experiencing the adaptation of A 2 2o Sk A<l
the physical enviroment, the are] WA, e A olE ST
alternative lifestyle for sustain- el AgH MER 7e5S 43
ability and new technologies 3l 71 Edt2nlo] sty W
that are applied to support it 2}glo] & Zo|t}, ExFEo] AbA.
will be Tuvalu’s unique tourism
[IMG-I-1-1] Adapting to Climate Change, Beach Nourishment in Funafuti Site

“Tuorists could help Tuvalu”, Radio New Zealand, Sep, 2017

Aee &

resources. In additon to the
symbolic meaning of Tuvalu, if
this tourism industry develops
in this form, it will increase the
number of international compa-
nies that will test and promote
their new technology having
Tuvalu as a testbed.

[IMG-I-1-2] Nature and Experiencial Technology
“Over Atolls of Tuvalu”, www.CalypteAviation.com

(1]
Paufi Afelee, the Tourism Officer in Tuvalu,
Interview on RNZ, Sep, 2017

Added at 2018-07-31

I-2 ‘TV’ TV

(1 Tube}

Followers

wok-sook | s12,500

500k - 1m . $25,000

m-3m $125,000
3m-7m $187,500

over 7m

snapchat
100k - 500k | $5,000

sook-1m || 510,000

im-3m - $50,000
3m-7m B 57000
over 7m — $150,000

‘TV TV’ (Tuvalu TV) can

be considered as an online
buisiness in line with Tuvalu’s
offline tourism industry. “TV
TV’ continuously boradcast all
the enviroments and changes of
Tuvalu in real time at various
points like the format of ‘Slow
TV’ of Norway. (For example,
along both sides of the Funafuti
runway, along the lagoon and
ocean on the sea, along the line
connecting the nine islands
from the sky, etc.) This channel

$300,000

ox

Instugnam
| se2s0 | ss.000
l $12,500 I $10,000

I <5250 B s=0.000
T e

\Fine twitter)
I §3,750 ‘ $2,000
| 57500 | s4.000

Il 57500 I 520000
B ss6250 I s:0000
| B B 5600

_|’E_
AE olFE= 2R AR o2 A TV
TV’ (Tuvalu TV)E 24 2 4
ek TV TV'E =290]9] ‘Slow
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[IMG-I-2-1] Average earnings for influencer posts on selected social-media platforms
“Celebrities’ endorsement earnings on social media”, The Economist, Oct, 2016
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TO BE ADDED TO BE ADDED

Added at 2018-08-08

can be a new source of income A2 AEstA Y= FLEE Ao}
for the countury by consumers ol A2 F8s5tes w8 Hokol
who want to utilize Tuvalu, 22 Q=T T AL 9l oL} o]
where climate change and sus-  gj015) ore 2 oAbs, 18T gt
ta1nal?111ty 1ssu.es'are actual?y Bzos= £ Eutas Aestnt
working, as a living education- ~ _ )

she A2 F5 271 Al

al tool, as well as consumers
who have a curiosity but not
afford to visit and who want
to support Tuvalu by simply
following the channel.

[IMG-I-2-2] Still from “Hurtigruten Minute by Minute,” a Norwegian Slow TV show that lasted
134 hours, 42 minutes and 45 seconds. 3.2 million tuned in.

“A five-day boat ride. Twelve hours of knitting. Are Americans ready for Norway's Slow TV?”,
The Washington Post, March, 2015
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‘Alternative Tuvalu scenario’ is a series of scenarios in
which all resources are converged from ‘Expanding Ar-
chives’. Each of these scenarios provides an opportunity
to look at the alternative possibilities of Tuvalu from an
integrated perspective. At the same time, each scenario
aims to work as a catalyst for raising discussion for other
versions of the scenario by breaking through critical
thoughts and opinions. To fulfill this role, ¢Alternative
Tuvalu # 1°, which is the starting point of all scenarios,
was composed as simply and incompletely as possible.
‘Alternative Tuvalu # 1’ presupposes the assumption that
sea levels will continue to rise, and that Tuvalu’s current
territory continues to be used. But we hope each scenario
will be open to these assumptions. For example, ways to
slow down global warming, or to give up current territo-
ry and find a third land, could be discussed together.

Alternative Tuvalu
scenario

. Scenarios for being broken

ek 22 At e
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ALTERNATIVE TUVALU #1

10,000 HABITANTS

REVERSE
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BIOFUEL / SOLAR POWERED VESSELS

FOR DOMESTIC CIRCULATION OF 9 ISLANDS
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INDEX: ALTERNATIVE TUVALU #1
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ALTERNATIVE TUVALU #1 tfohy EHRE 41

Added at 2017-09-29

‘Alternative Tuvalu #1° is the first scenario that ‘TFA FHFE #1°2 ‘FACT BOOK’e] SHIE
lists the direct and searchable solutions based on 7] &5 Er27} AWet XAl 9|75 (7| ¥ 3}
the fatal crises (climate change, domestic cri- Y54 07| 5)S vlero 2 o]of tjst &M Ao
sefs)‘ ;aAc(ljnf];)Fg\gllz’, (}escr%beq 11n the if:ci)nd hilf 7N 7t S AN S e GAdsta, o] S 7kl
0 . In principle, each elemen - _

i . _ HIAS LAISE X HA) A A=A o2 7
‘seats’, ‘functions’ and ‘produces’ in the envi- “:"f]_?eoﬂ“a’; i}ﬂﬂ an‘ii; S ]_i :"
ronment of Tuvalu and promotes the functions 24e FEE 2 ° ol kAete] 7l skl
of other elements or protects them from potential rPsi, AAR 52 O ANES 8l HE
crises on its own or through its products. This 2459 7e& FstAY A Al 7= -
scenario, which represents Tuvalu as a living HE] B S5t} Alolgl= Bl 2 Ao Ed RS
complex, will continue to have different versions Uel= o] Alug] @ = ‘aasl= ofzfo] B7}
as the ‘Expanding Archive’ grows. Loyl wtat AL ThE HASS FIxA =

A= o]t
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INDEX: ALTERNATIVE TUVALU #1

Added at 2018-07-29

The scenario includes technologies that can se-
cure Tuvalu’s territories in the face of rising sea
levels, and ways to produce water, food, and
energy to sustain an independent life even in Tu-
valu’s harsh conditions today. ‘Found Resource’
1s an element that has the potential as a new
source of income by being discovered and uti-
lized among Tuvalu’s environment and lifestyle.
The index marks indicate which elements of the
‘Expanding Archive’ have become the resource
to complete the scenario.
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INTEGRATED INFRASTRUCTURE

Q.

IN/OUT

N,

52 TVPR

10,000 HABITANTS

TUVALU PROJECT
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INTEGRATED INFRASTRUCTURE

Added at 2018-08-03

‘Alternative Tuvalu #1° requires many infra-
structures, among which the seawall plays a
pivotal role in the overall scenario, constructed
on all sides of the island facing oceans. All infra-
structures are integrated into one body through
seawalls. Seawalls have a fluid character to ab-
sorb, store and distribute produced energy and
other resources through each infrastructure and
community like arteries and veins, while firmly
protecting territories and infrastructures from sea
level rise. This concept can maximize the inter-
actions between elements, organizing the opera-
tion of infrastructure and resesources systemati-
cally in narrow terrritories.
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APPLICATION

Added at 2018-08-08

The concept of ‘integrated infrastructure’ applies
to Funafuti Island as a diagram above. In re-
sponse to the rise in sea level, beach nourishment
is formed in the lagoon side where the waves are
weak, and seawalls are built on the ocean side
where the waves are strong. Infrastructures are
located towards the ocean centered on the airfield,
while community 1s located on the lagoon side so
that the relationship between the lagoon and the
daily life of community can be maintained. This
layout centering on the airfield has the continui-
ty with the current context of Funafuti and offers
an island a gradually changing density consisting
of <Lagoon-Nourished Beach-Community-’Air-
field’-Infrastructure-seawall-Ocean> in the hori-
zontal direction.
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SEAWALL: OCEAN SIDE

Added at 2018-08-15

Of the two crises in ‘Fact Book’, the problem of
securing territory from sea-level rise due to “cli-
mate change’ takes precedence over ‘domestic
crisis’. If the territory does not exist, the state
can not exist either. In the first scenario, the sea-
wall responds to this and settles in beautiful but
fragile environment of a coral island, Tuvalu,
with exaggerated, farfetched, violent but at the
same time insecure appearance. This seawall,
which is about 12 km long, directly and fully
reveals the fears of nature through its section and
plan, waiting for other alternatives to sea level
rise that will be included in the ‘Expanding Ar-
chive’ and constitute the next sceanario.

TVPR TUVALU PROJECT
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SEA WALL: DOCKING WZA: =7
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SEA WALL: DOCKING

Added at 2018-08-17

The seawall 1s a fixed and rigid structure that
will remain on once it is built. The enormous
scale of the sea wall, which will exist with a con-
tinuously linear form along the oceans, will con-
tinue to have influence over all parts of the is-
land. In addition, construction of infrastructures
for new resources, food and industry, and antici-
pated population movements demand changes in
the island’s overall layout and network system.
In this context, the seawall is given the role of
controlling the connection of all facilities and
the flow of power resources, products, and by-
products like as lines of connection and flow in
the scenario diagram. All elements of the island
are docked to the seawall to form the entire flow
chart.

TVPR TUVALU PROJECT
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INTEGRATED INFRASTRUCTURE: IN

Added at 2018-08-18

The infrastructure for the scenario is docked on
the seawall to store its products and by-prod-
ucts in and distribute them to other facilities and
communities. For example, water produced in

a seawater desalination plant is stored in a sea-
wall and then transported to a vertical farming
facility. The list of major infrastructure required
in the scenario is as follows: Seawater Desalina-
tor/ Live Stock Farming/ Raised-bed & Vertical
Farming/ Ocean Farming/ Foram Sand Farming/
Waste Management/ Digester for Producing Bio-
gas/ Solar Photovoltaic/ New Energy Transporta-
tion/ Wave Power/ Touristic Facility/ Watertank
& Cistern/ Kalp & Algae Farming

TVPR TUVALU PROJECT

Scenario Book



Avele &

=g 7HHAA: IN

AU 5 9Iet 7IHIAE 52 W2 Ao =7 5 o
JatE 9l RAE S-S WEA| bl A5k tE
A3 AFUE R —EHH@E}. Oﬂl% = ;H¢

]LFD‘]ROHH O%'LEJ" F9 7|¥
ohZ2t 2ot sl 4= @43t A/ 715 5 R A4
A 5 AL AA FA A/ foram sand A4t
A/ 22| 7] 2 2] Ald/ Blo| 7FA AAE A
g A A/ A &Y 1F Al oY oA

A1) B AR A A A2 oUR

o

YA A4

Edt2 s 2AE TVPR 67



INTEGRATED INFRASTRUCTURE: OUT =355 7|HkAAd: OUT

68 TVPR TUVALU PROJECT Scenario Book






INTEGRATED INFRASTRUCTURE: OUT

Added at 2018-08-19

The energy and resources are transferred from
the seawall as a trunk to all parts of the is-

land, including residential and public facilities,
through structures that extend like branches. In
order to correspond to the unique configuration
and topography of the island, where the runway
1s located in the center, these branches have three
types as shown in the plan view of the previous

page.

1) Types where various facilities are docked on a
straight branch.

2) Types for achieving a nonlinear arrangement,
where other facilities are engaged in the facility
closest to the branch to keep the flow of resourc-
es.

3) Types with twigs in different directions com-
bined.

TVPR TUVALU PROJECT
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72

BRANCHES OF THE SEAWALL

DOCKING OF RESIDENTIAL CLUSTER

1. RAISED PLATFORM

2. RESIDENTIAL UNIT

3. PLANTS

4. RAISED SOIL BED

5. PIG / CHIKEN SHELTER
6. BIO GAS / WATER TANK
7. STRUCTURE

8. BRANCH

9. SEAWALL
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DOCKING OF FARMING AREA

1. RAISED AGRICULTURE FARM
2. WATER SUPPLIER

3. FACILITY UNIT

4. BRANCH

5. SEAWALL
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BRANCHES OF THE SEAWALL

Added at 2018-08-21

The branches of the seawall carrying electrici-
ty, water, gas, biodiesel, etc. are located obove
ground level, not in the ground, to protect these
resources from seawater flooding and to prevent
damage to fragile ground. This gives them the
flexibility to expand and change easily, while at
the same time allowing to secure more land for
agriculture. In the case of extending away from
the seawall, 1t is lifted up to a height that does
not interfere with the passage of people and ve-
hicles.
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- BEACH NOURISHMENT: LAGOON SIDE
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78

BEACH NOURISHMENT: LAGOON SIDE

Added at 2018-08-23

In response to the rising sea level, beach nour-
ishment is undertaken on the lagoon side. Unlike
the ocean-sdie seawall, which plays a role in the
production and distribution of resources and
energy, lagoon-side beach nourishment focuses
on the production of new land that can be uti-
lized for tourism or residence by using geotex-
tile, sand and grable.
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\\ BEGINNING OF THE SCENARIO: DEGREE OF URGENCY
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A. US National Research Council (2010)

B. The Third National Climate Assessment (2014)

C. Rignot and others (2011)

D. IPCC / SRES (Special Report on Emissions Scenarios) (2007)

E. The Centre National d Etudes Spatiales/Collecte Localisation Satelli
(CNES/CLS, 2011)
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BEGINNING OF THE SCENARIO: DEGREE OF URGENCY

Added at 2018-08-25

The report!!! of the ‘Japan International Cooper-
ation Agency’ described the degree of urgency
regarding each boundary of the Fongafale Island
according to the level of damage, wave run-up
height, and the state of the hinterland. This indi-
cates that the higher the degree of urgency, the
more action should be taken first. The most ur-
gent ‘1’ zone is located in the center of the island
and has important public facilities such as gov-
ernment offices and schools. Next, ‘2’ zone 1s
the area where the most important transportation
infrastructure, Funafuti Port, 1s located and con-
nects it to the center of the island.

[1]
The Study for Assessment of Ecosystem, Coastal Erosion and Protection/Rehabilitation of Dam-
aged Area in Tuvalu, 2011
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PHASE 1. NOURISHING TERRITORY

Added at 2018-08-27

The scenario starts with protecting and improv-
ing the territory that is the foundation of whole
narratives. In the most urgent and important
areas of the lagoon-side, beach nourishment is
carried out, and in some of the remaining vulner-
able areas, the current storm ridges are repaired
and elevated further. Although it is still uncertain
whether the sea level will increase threatening-
ly in the future, this partial improvement can
reduce the damage caused by cyclone and king
tide that Tuvalu is currently experiencing. It also
has the advantage of expanding the beach and
the available territory. The operation of the facil-
ity (A) to collect aggregates required for large-
scale construction and the Foram Sand farming
(C) are also started at this time. The existing
causeway (D), which 1s blocking the flow of cur-
rents, 1s opened up to increase the sand inflow to
the central beaches. Waste management facilities
(E) to improve the environment are installed at

TVPR TUVALU PROJECT

the northern end of the island, and seawater de-
salination plants that produce water to prepare
agriculture of the next phase are also built. At
the same time, inside the community, installation
of solar PV panels and improvement to water
collecting system such as water tanks and reser-
voirs are proceded.
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TIME of HHW* = -47em  °%™ "

* HHW = Highest High Water
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PHASE 2. NOURISHING LIFE

Added at 2018-08-27

In the next phase, the food production and tour-
ism industry are activated based on the territory,
water and construction materials that have been
improved and produced since the first phase.
Raised-bed and vertical farming systems are in-
troduced to overcome the salinized soil environ-
ment and the insufficient production area. Farm-
ing area (F), which produces a variety of main
food resources and biomass-like by-products
through indoor and outdoor farming facilities, is
located on the south and north wings of the is-
land where are with low occupancy density now.
And they support the central area that is occu-
pied with high density. Protection barrier

works on the areas where seawater intrudes
from the ground by pressure is also carried out
at this time. Touristic facilities (G) including

TVPR TUVALU PROJECT

hotel and swimming pools, which have been
stretched out to the lagoon from the widened
beach, begin to welcome tourists who wish to
witness the changing Tuvalu and experience its
every elements directly.

Scenario Book
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TIME of HHW* = -43¢m %%

* HHW = Highest High Water

C\ PHASE 3. SEA & ENERGY BOOSTING
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PHASE 3. SEA & ENERGY BOOSTING

Added at 2018-08-28

In the third phase, the height of the storm ridge
in the remaining dangerous areas related to sea
level rise is raised, and the focus is on the uti-
lization of the sea and the growth of energy
production. On the ocean side, the wave en-
ergy plant (H) is in operation, and on EEZ off
the coast of Tuvalu, algae and kelp farm for
production of biodiesel, offshore wave energy
generators, and multi-thropic aquaculture for
food production are started. Facilities (J) for the
integrated management of these sea-related fa-
cilities and their products, and for testing and
introducing alternative means of transport using
biodiesel, such as ships and motorcycles, are
installed and operated at the center between the
airport and port of Funaputi. A collective live
stock farming system (I) produces biogas associ-

TVPR TUVALU PROJECT

ated with improved community toilet system and
manage food resources efficiently linked with
agricultural facilities.
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PHASE 4. ENCLOSING

Added at 2018-08-28

Each of the facilities and systems introduced up
to Phase 3 continues to adapt, evolve, and con-
verge through lessons learned through trial and
error, and technological advancement, to form an
“Alternative Tuvalu #1” structure. However, if
the sea level rises steadily and the HHW records
-25 cm from the surface of Tuvalu, it will begin
a long process of enclosing all sides facing the
sea of Funafuti Island through beach nourish-
ment and seawalls. Assuming a projected rate
of sea level rise of about 1 cm per year, this 1s
about 25 years before the island is immersed in
water. Here, the question arises as to whether to
close the remaining eight islands of Tuvalu to-
gether artificially. In this scenario, it is assumed
that Funafuti will be protected first over other
islands, considering the size of the construction,
the available resources, and the expected fluctu-
ations of the international society when the sea
level rises sharply.

TVPR TUVALU PROJECT
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PHASE 5. EXODUS

Added at 2018-09-01

Fongafale island is closed to the outside through
phase 4, but all the structures inside are integrat-
ed together by the docking of infrastructures into
seawalls, and by the small and big branches ex-
tended from them. One day, as the sea level rises
so much that Tuvalu can stand any further, the
inhabitants of the remaining eight islands start to
prepare for exodus to Fongafale island. Through
1 to 4 phases, It is expected that more than 70%
of the population of Tuvalu will be already in-
habited in Funafuti through population move-
ments, and the number of residents who have
migrated abroad also will be considerable. New
settlements for migrants are located in the empty
areas of the island following the linear system of
‘integrated infrastructure’ and the surrounding
environment. Occasionally, small communities

TVPR TUVALU PROJECT

in the form of a shared external space for the
maintenance of social relations between the orig-
inal neighbors and for cooperative agriculture or
other collaboration are formed in some places.
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ENTIRE MAP of ALTERNATIVE TUVALU #1

Added at 2018-09-04

The completed map of ‘Alternative Tuvalu #1°
reminds of the interior of a huge Ocean Liner
moored in the middle of the South Pacific. The
contradictory scene of each part running con-
stantly while maintaining stillness throws some
questions. What about the other eight islands?
Did they eventually submerge under the sea?

If so, how should the territorial and maritime
boundaries of Tuvalu be delimited in internation-
al law? What can be the state of the many other
low-lying countries except Tuvalu? After all,
where will the next destination be after this berth
is over?
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