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A living artwork.
A renewable resource. 
A vision of sustainable island futures.

1. Concept NarrativeNormal Kaleidoscope Operation- Butterfly Mode



1.1 The Brief:
Building a Destination Art installation for a very small community is a challenge. It must supply electricity and drinking water while withstanding 250 km/hr.+ winds. Compounded by little or no infrastructure and minimal logistics is a difficult proposition at best. A Destination Art installation requires a certain grandeur, a je ne sais quoi, an air of the exceptional, the unexpected, amazement. 
Presenting:

the Kaleidoscope of Marou

[image: ]1.2 From the Brief to Inspiration: Kaleido Trays.
The Kaleidoscope of Marou is a Destination Art installation engineered for functionality, resilience, and cultural expression. Drawing inspiration from Clara von Zweigbergk’s "Kaleido" trays, the design translates modular flexibility into a system of scalable hexagonal “Modules.” Each Module is capable of generating solar energy, harvesting rainwater, water storage. Combining with other Modules to provide community space and shelter, all within a structurally resilient, symbiotic form. 
The vibrant Modules can be arranged to form symbolic patterns, geometric art, or culturally significant icons, transforming a rugged infrastructure project into a living artwork co-created by the residents of Marou.





1.3 From Inspiration to Design Concept.

Scaling up from Kaleido Trays to Kaleidoscope “Modules” and adding functionalities:

The Hay “Kaleido” trays all have a rib of 11 centimeters (or multiples). Multiplying this measure with 32 gives a rib of 3,5 meters. Just like the trays, they are endlessly modular and scalable. There are 5 sizes: XS, S, M, L and XL. 

[image: ]

This translates to the following sizes (in meters) for each Module: 

	Module
	Dimensions- m
	Water catchment.- sqm
	PV Panels- nr.
	PV Panel-sqm
	PV coverage- %

	XS
	6 x 3.5
	12,3
	0
	0
	0%

	S
	7 x 6
	31,8
	8
	18,4
	58%

	M
	10.5 x 6
	56,3
	16
	36,8
	65%

	L
	12.25 x 10.5
	93,1
	24
	55,2
	59%

	XL
	14 x 12.25
	137,1
	36
	82,8
	60%



[image: ]
The shapes of the Modules:






[image: ]The functions are “stacked” as shown in the drawing on the right: in addition to carrying the PV Panels the Kaleidoscope Modules have an oversized “inverted umbrella” underneath the PV Panels, which captures the rainwater runoff, but also from the area surrounding the PV Panels. (the red hexagon above).

In this way land use is minimized.

The collected water is drained by a reinforced hose (here shown in blue) to the pillow tanks below 
The “L” and “XL” Modules are built up from smaller Modules and are used in the lowest terraces, fixed to the ground. (the L/XL Modules have multiples of the 3.5-meter rib). 
Modules include vertical mesh tarpaulin “skirts” reducing wind resistance and creating colorful walls that obscure internal systems. Ballast lines from the pillow tanks provide weight to the Modules/installation.












[image: ]Right: the “S” Module in
perspective. The “inverted 
umbrella” underneath 
the PV Panels is visible.












1.4 From Design Concept to Design Process:

Modularity is the basis of the Kaleidoscope. By combining the modules in different ways, endless combinations of the Kaleidoscope can be formed, including the colors! 

The Villagers can experiment with the physical Kaleido trays, as a model for the installation. (90 trays available). Experimenting, discussing, co-creating. Putting trays on chairs, benches and tables. Deciding on functions and colors of the trays/Modules, which sizes, which heights and location on the Design Site. 

Modules can also have functions like walking paths, empty Modules for recreation, coffee corner, garden, a maze (which still harvest water) etc. by placing function “blocks” on the trays/Modules. The villagers decide on 90% of the choices! (within technical limits) 

In this way terraces are shaped, as the Modules face the North in a stepped fashion to avoid shading of panels and prevent a 2D only view! 

The outcome is an innovative, integrated, terraced electricity and water production site. It has a distinctive shape, which can be a place for recreation, shelter, shade and education. The height of the modules can be up to 10 meters, a great vantage point to view the entire Kaleidoscopic area.


As a contrast: a maxed 
out 6 “XL” Module, pure 
[image: ]energy and water harvesting. 
No Destination Art.
1.5 From Design Process to a Destination Art Kaleidoscope:

The following chapter is provided to demonstrate the versatility of the Kaleidoscope concept.           The Villagers will be deeply involved in the decision-making process!
[image: ]
“The visitor will receive a direct impression when viewing the Kaleidoscope from the south side. A large, colorful installation, standing out in its surroundings.
The visitor enters the Kaleidoscope from the South. Then walks over hexagonal tiles into a high atrium illuminated by the sun through transparent Modules in the “ceiling”. Here the fabric “skirts” become visible, that provide structure to the Modules that lie above.
[image: ]The Impact Protection Barrier is used to display the cultural art of Naviti and Fiji. Also, a vertical garden can be envisaged, adding photovoltaics to the Kaleidoscope! Notice the light blue vertical pipes- Rain Harvesting!
The visitor then takes the stairs to arrive at the center terrace, in the open air, surrounded by Modules Here the South and North walk ways meet at the small green hexagon.
[image: ]The terraced structure of the Kaleidoscope then becomes visible: recessed walk ways, stairs and small hideaways. Great vistas once the highest Modules are reached.



[image: ]
This detail shows the walkways of the Kaleidoscope. Here the visitors can enjoy the views and look for a coffee or Kava. A place for school classes on Nature, preservation and new technologies. A meeting place for the Eco Ambassadors of the Yasawa Islands!
[image: ]The Kaleidoscope inner workings. As seen from the Eastern side. The pillow tanks are partly dug in.










The Kaleidoscope Overall Lay Out and Properties (example lay-out):
Energy:
200 PV Panels @ 500 Wp
 
North Entrance
Pick & Mix:

Fully modular
Choice of module type/size
Choice of capacities
Choice of colors
Choice of heights
Choice of functions 
Choice of location
Choice of clusters


100 kWp installed
440 kWh/day av.
250 kWh battery


[image: ]



Water:
1000 sqm catchment
1500 cbm collection/y.
1000 cbm storage
















South Entrance

[image: ]1.6 From a Destination Art Kaleidoscope to Kaleidoscope Metamorphosis:
                                from Butterfly to Tardigrade! 
Each year there is at least 1 storm stronger than force 10. The devastation of Hurricane Winston is still fresh in minds. The Kaleidoscope needs to be able to cope with 250+ km/h winds. A 48-hr. notice is given by the Fijian weather watch.
In order to avoid ultra-strong, compact, complex and expensive constructions, 
the Kaleidoscope of Marou can physically adapt its structure to extreme weather conditions.                                                      
When a heavy storm warning is received, the Kaleidoscope of Marou “morphs” from an 8/10-meter-high open structure to a compact, closed structure of 2.5 meters high.
[image: ]This is achieved by disconnecting the electrical connectors and the pipe couplings that connect the module to the Truss beams.   Step 1
Then sliding the whole PV Panel carrying Modules down along the vertical Truss beams. This movement is controlled by remote controlled E- winches. Step 2
Once fully lowered, the Module is reconnected to the Truss beams, same for the electrical connections, so power generation can resume. Water harvesting is not interrupted. Step 3
The Tardigrade or Water Bear is the toughest animal in the world. They can survive extreme cold, heat, vacuum, high pressures, shocks and radiation.








The outer perimeter of the Kaleidoscope is protected by a 3-meter-high Impact Protection Barrier of secured planks, reducing the wind flow under the PV Panels and protecting against the impact of 250 km/h debris. 
More details on the Kaleidoscope’s hurricane passive countermeasures can be found in Par. 2.6
1.7 Community Leadership, Empowerment and Social fit: 
1.7.1 Location of the Kaleidoscope on the Design Site:
The location of the Kaleidoscope will be decided by the Villagers themselves. Technical limitations will apply, like nr. and orientation of PV Panels, Panel shading avoidance, watershed flow management, building codes, location of battery room etc. Also see Par. 1.4 “Design Process”
1.7.2 Community experience & contribution:
[image: ]The community experience will be a sense of achievement and pride. Knowing that most of the design, color schemes, terrace structures was developed by them. Co-creating from day One! The reliable electricity and water supply that will be provided by the Kaleidoscope will give the villagers peace of mind. The possibility for further development and ambition, as power and water are no longer a limitation. Improving daily life
1.7.3 Societal fit:
Given the conditions in Marou: limited population, skills, infrastructure, logistics etc., only a basic installation will fulfill the needs of the villagers: power and water. Technology demonstrators are interesting, but are in the given environment destined to fail. By combining the basic needs with the Kaleidoscope concept, the Destination Art objective can be achieved simultaneously. 
A softer, more sensitive to the environment and surrounding nature can be achieved by incorporating “hanging gardens”. From the side of the Modules to the walk ways between the Modules, garden Modules with herbs, orchids, agrivoltaics etc. A low profile, less colorful Kaleidoscope is just as feasible & functional as the “all bells and whistles” variety! 
[image: ]1.7.4 Replicability & scalability:
The variety in colors, shapes, heights, empty Module functions etc. allows other Fijian and world communities to create their own Destination Art Kaleidoscope. A Kaleidoscope for other communities is a straight forward pick & mix! (and still be unique) A global constellation of Kaleidoscopic Destination Art installations can become a travel goal by itself. 
1.7.5 Regionally shared resource:
The Kaleidoscope will provide ample electricity and water. Enough to share with other localities, like Yasawa School and Malevu. With the already installed PV capacity of Marou remaining online, this is a realistic scenario. 
1.7.6 Education, shade & shelter:
The Kaleidoscope can be a great place for education, as a place for school classes, but also as a renewable resource demonstrator. Participating in the daily operation and maintenance of the Kaleidoscope will be valuable hands-on experience, creating young Ambassadors for renewable resources! Modules can be dedicated to this purpose.
On the South side of the Kaleidoscope and in the recessed Modules there will be shaded areas. Spaces within the Kaleidoscope can be opened up to the villagers. 
Integrating the function as a shelter in the Kaleidoscope is certainly feasible, but will require engineering to higher standards. 
1.7.7 Accessibility:
While not detailed in the plans, wheelchair accessibility can be provided without any major adaptations
1.7.8 Contingency: 
In the worst-case scenario, (or by design) the Modules are moved to the lowest position permanently. When the excess height of the Truss beams is removed, the Kaleidoscope continues to function as a “normal” electricity and water harvest site, at full nameplate capacity. See par. 2.6
1.7.9 Conclusion: A resilient, beautiful and functional future!
The Kaleidoscope of Marou transcends its basic functions. It embodies resilience, community authorship, and beauty. Offering not just energy and water but flourishing in the face of environmental and infrastructural challenges.
[image: ]
the 
Kaleidoscope 
of 
Marou:

   


Grace in Calm,
Strength in Storm.

[image: ]2.Technical Narrative 
[image: ]2.1 Mechanical:
[image: ]For the horizontal Module construction of the hexagon Truss frames and (locally sourced) planks used. The PV Panels are mounted on the hexagonal frame. Rugged, durable, stable. Connections are made with Quick Release couplings, 750 kg x 6 / Module. Weight of a “S” Module is approx. 350 kilo total.
[image: ]For the vertical structure also “Truss” type triangular beams are specified, but of a heavier specification. This allows for easy integration and interconnections between the horizontal- Modules and the -vertical- Truss beams. Size between main pipes is 50 cm. 
The water capture is done with food grade HD canvas/tarp UV and fire proof, available in RAL colors. 
[image: ]The vertical tarpaulin skirts are perforated in order to reduce wind drag, as there is ample wind all year round on Naviti. 
2.2 Electricity - PV Panels: 
Any compliant glass/glass type (above 220 Wp/sqm). Glass/Glass, Mono Crystalline, Bifacial type is specified for corrosion resistance of the back panel. Orientation is East-West! The reason use E/W lay out of the Panels is that while there is a lower production peak, there is a wider peak, allowing longer capture of sunlight.  
200 PV Panels (453 sqm) @ 500Wp/Panel gives 100kWp installed capacity. With the given average daily production of 4,4 kWh/kWp would result 440 kWh total production/day. Comparison of East-West PV Panel power curve vs. pure South (or North) orientation

The East-West lay out will cost 8-10% efficiency, which can be compensated by the Bifacial set up +16-18% see below, or selecting larger, 645 Wp PV Panels for the inner mounted 4 PV Panels on a “S” Module. (2350 mm vs 2000 mm long). New PV Panels (Mar 2025) now at 23,9% efficiency.


[image: ]Solar Reflector built in: The “umbrellas” under the PV Panels can be made of reflecting white tarpaulin. The PV Panel sqm is about 55% of the Module sqm. The sun’s rays also reach the umbrellas surface and reflect the light to the backside of the PV Panel. The back side of the PV Panel can also generate electricity (Bifacial). 
Mounting of the PV Panels will be according to the recommendations by RMI/SEIAPI. The Modules will provide 8 bolt locations per PV Panel, and will have full support on the long side of the frame. 
[image: ]2.2.1 BIPV (variation on a theme) 
A variation on BIPV is the possibility to use white reflection skirts of the next higher terrace, reflecting sunlight from the skirt “wall” back to the PV Panel below, enhancing production. Including from the angled surfaces from other, higher placed, Modules.
2.2.2 PV Panel Cooling
With the PV Panels optimized for maximum performance in an already warm and sunny location, overheating becomes a problem. The soft water from the Kaleidoscope can cool the Panels down with minimum effort. Low temperature coefficient PV Panels will be selected as standard.
2.3 Electricity – Optimizers and Inverters:
[image: ]Each PV Panel has its own Optimizer. This Optimizer maximizes the output for each PV Panel. This allows for mix & match of PV Panels, sizes, types, orientation, shading etc. Damaged/short circuited PV Panels are automatically taken off-line, without affecting the other PV Panels performance. 
The Optimizers add 2% to the PV Panels’ performance and are connected to the inverters which feed into the grid/battery. 





2.4 Electricity - Battery storage:
[image: ]
2.6 Structural Hurricane Survival Assets of the Kaleidoscope.
The Tardigrade mode, earlier described in Par. 1.6 is the dynamic adaptation to the Hurricane threat. The following passive defensive measures have been designed into the Kaleidoscope and are always “active”.                                                          
[image: ]Top Braces: the Vertical Truss beams all have Top Braces, that provide support between the Truss beams around a Module, (the green circles [image: ]) but also to the Truss beams of the adjoining Modules. This applies for both the “Butterfly” and “Tardigrade” modes. 
Diagonal cross bracing: can be applied to all outer peri meter Vertical Truss beams if required. Blue circles [image: ] Additionally, Guy lines and ground anchors can be installed for further resilience (not shown)
Vertical Truss to Module cross bracing: the Kaleidoscope transfers forces through the entire installation. (the yellow circles [image: ]) The Modules are tightly connected to the Vertical Truss beams, which in turn are connected to the next Modules. 
Ballast water: when the pillow tanks are 50% filled, they provide a 500 mt ballast for the Kaleidoscope. The tanks are tied to the vertical Truss beams, (the red circles [image: ]) and keep the Kaleidoscope firmly to the ground.
Impact Protection Barrier: a 3-meter-high wooden wall that surrounds the entire Kaleidoscope to protect it against flying debris and overturning winds. The black circles
Vertical Triangular Truss Beams carry the loads of the Kaleidoscope in all 3 dimensions. ([image: ])
Note: The “L” and “XL” modules are fixed at 3 meter high, and get a 0.5-meter additional wall height. (the orange triangle [image: ]), to protect the PV Panels of these Modules against debris. 
[image: ]Below: The Kaleidoscope in Tardigrade mode. Minimal frontage to the Hurricanes. Maximum protection. The optional cross bracing is not shown, some colors added for clarity.







[image: ]
with varying heights. Each module takes about 5-10 minutes and are brought down with RC controlled electrical winches. (each winch can serve 3 Modules) The couplings between the Module are of the Quick Release type, requiring minimal efforts for release and relocking. For 15 Modules about 3 hrs. with 3 people are required.

5.Environmental Impact Assessment
5.1 Land Use & Habitat Disruption
Clearing land for PV panels could impact local vegetation and wildlife. Soil erosion may increase if vegetation is removed.
5.2 Material & Manufacturing Impact
Solar panels and batteries require mining of materials like lithium, silicon, and rare earth metals.    Manufacturing and transportation of PV panels and rainwater tanks have embedded carbon emissions.
5.3 Waste Management:                                                                                                              
End-of-life disposal of solar panels and batteries can be challenging. Rainwater harvesting tanks and pipes require maintenance and eventual replacement.







1
                                                                                                                                                              
image3.png
North
The “S” size Tray to Module example. Hexagon frame

Upscaled, only frame is retained. f / Inverted umbrella

PV Panels and water harvest inverted for rain harvesting

umbrella added >

PV Panels

Total 31.8 sgm water
harvest area

18 sgm PV Panel
/\/\

East-West, Landscape
Orientation




image4.png
4O )~




image5.png
Rain

_ @ PV Panels l _

6

Inverted Umbrella

: (Fabric)

|

1

1 Skirt,

' Perforated

1 Industrial

1 Fabric |
mpact

1 Protection

'l Barrier

1
allast lines
|

Skirt
storage
box





image6.png




image7.png




image8.jpeg
Welcome to
the Kaleidoscope
of Marou

by FREF





image9.jpeg
ARG 5 |11 :
AAAAAAALAAAMAARANS D d E

B ‘\’VE; |
‘ Al
| %%h |

| Vvvv"'
RS

e

I T

=





image10.jpeg




image11.png




image12.png




image13.png




image14.png
Benelois Javana




image15.png
! o

Controlled Descent

/\/\





image16.png




image17.png




image17.jpeg




image18.jpeg




image19.jpeg
¥ LT - X\ >




image20.png




image21.png




image22.png




image23.png




image24.jpeg




image25.jpeg
IS NORTH BETTER THAN EAST-WEST?

Two different panel set ups
North facing panels
East-West facing panels

W Noth W EostWest
7500




image26.jpeg
IS NORTH BETTER THAN EAST-WEST?

Two different panel set ups
North facing panels
East-West facing panels

W Noth W EostWest
7500




image27.png
PV Panels East-West, Bifacial

A ¥
Umbrella Reflector




image28.png
Module “B”

Module “A”
Skirt,

white, not

perforated




image29.jpeg
LA





image30.emf
The battery storage will be of the LiPO4 type. The reasons for selecting this type of battery:
No fire hazard, deep cycling, 6000/7000 cycles and low cost. The batteries will be placed

in a dedicated,

secure, dry, space under the Kaleidoscope, at the most North location. Sizing of the right
amount of storage capacity will be done in consultation with local experts. Guestimate:

200/250kWh.

A windmill is not foreseen due to cost. A 2400 kWh/month (80 kWh/day) VAWT is approx.
65/75k USD. The budget can be used for extra battery capacity, increase 500/650 kWh.

2.5 Water Harvesting:

As discussed in Par. 1.3, rain harvesting and storage is
integrated with the PV Panels.

The Modules have maintenance catwalks of planks for
servicing the Modules. These planks are mounted at a slight 8
angle towards the umbrella, so that the run off falls inside {47 ;
the umbrella, extending the catchment area of the Module. ;
This adds about 5 sgm/ “S” module (+16%).

Production: with approx. 450 sgm of PV panels installed,
there is an additional 45% rain capture area (the oversize of
the Modules), and a 16% catwalk catchment contribution brings the total to about 1000
sgm. Total water harvest @1.5 cbm/sgm/year would be around 1500 cbm/year. Storage
capacity will be around 1000 cbm, divided over 30/50 pillow tanks.

All pillow tanks are connected to a piping system that incorporates a separator, filter and
pump well. Purification can be achieved via an osmosis system.

The water streams originating from the mountain near the Design Site can be integrated
into the water storage. Any overflows can be redirected back into the existing waterflow
bedding.

Rain water from Modules

Pillow tanks Overflow to Watershed/Ocean
Watershed >
supply
EE— » To Customers

>

Separ
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The battery storage will be of the LiPO4 type. The reasons for selecting this type of battery: 

No fire hazard, deep cycling, 6000/7000 cycles and low cost. The batteries will be placed 

in a dedicated,  

secure, dry, space under the Kaleidoscope, at the most North location. Sizing of the right 

amount of storage capacity will be done in consultation with local experts. Guestimate: 

200/250kWh.   

A windmill is not foreseen due to cost. A 2400 kWh/month (80 kWh/day) VAWT is approx. 

65/75k USD. The budget can be used for extra battery capacity, increase 500/650 kWh.  

2.5 Water Harvesting:  

As discussed in Par. 1.3, rain harvesting and storage is 

integrated with the PV Panels.  

The Modules have maintenance catwalks of planks for 

servicing the Modules. These planks are mounted at a slight 

angle towards the umbrella, so that the run off falls inside 

the umbrella, extending the catchment area of the Module. 

This adds about 5 sqm/ “S” module (+16%).   

Production: with approx. 450 sqm of PV panels installed, 

there is an additional 45% rain capture area (the oversize of 

the Modules), and a 16% catwalk catchment contribution brings the total to about 1000 

sqm. Total water harvest @1.5 cbm/sqm/year would be around 1500 cbm/year. Storage 

capacity will be around 1000 cbm, divided over 30/50 pillow tanks.   

All pillow tanks are connected to a piping system that incorporates a separator, filter and 

pump well. Purification can be achieved via an osmosis system.   

The water streams originating from the mountain near the Design Site can be integrated 

into the water storage. Any overflows can be redirected back into the existing waterflow 

bedding.   
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3.Prototyping and Pilot Implementation Statement

3.1 Prototyping: Suva

Module “S”, will be the best example for the prototyping. 8 PV panels + optimizers, an
inverter, planks and couplings, sufficient prepared tarpaulin (mesh and normal), 6 Truss
beams and 1 IBC will provide an adequate demonstrator. The complete package will be
defined and test assembled prior to shipping to Suva (disassembled). Volume about 15
cbm (half of 20’ TEU) 6-8 students will be invited to participate in the set-up of the
prototype. Various introductory presentations and seminars to schools will be arranged,
explain concepts and approach of the Kaleidoscope.

3.2 Pilot Implementation: Marou

The FREF and contract principal will determine the best course of action here.
Consultations are expected with FREF, the contractor, LAGI team, villagers and
designers. The chosen Module size and location will determine the size of the project. An
expansion of the Suva prototype can be a good option, where a simple extension of the
vertical trusses provides a flexible approach. The type of foundation will need to be
determined, as impact of watershed overflows that could enter the design site.

Hopefully many villagers will contribute to the construction of the Kaleidoscope. This
fosters ownership and commitment.

A caretaker from the village will be appointed, which will assume the role of operator of
the Kaleidoscope installation once complete and operational. The daily work consists of
inspections, small maintenance, water analysis, water levels, PV panel performance, daily
reports etc. The assurance of water quality is essential. With the absence of a permanent
representative of FREF on Nauviti, this task will have to be done by the villagers.

4.0perations and Maintenance Statement

4.1 The F-DOE/FREF will formally own and operate the Kaleidoscope. While the villagers
have pledged the commitment for the stewardship of the installation, the actual
arrangements will need to be defined.

4.2 Safely operating the Kaleidoscope is essential. There are significant heights involved
and the electrical power generated and stored is dangerous. Safety must be designed in-
lock out/tag out systems, cage ladders for access, safety harness, proper procedures and

safety equipment is of life saving importance.

4.3 When going into Tardigrade Mode, the work will need to be done by the villagers,
under possible supervision of a FREF representative. The Fiji Met office gives 48 hrs.
hurricane warnings. This leaves ample time to move the Kaleidoscope to Tardigrade
Mode. With about 15 modules which can be moved (the “L” and “XL” modules are fixed)
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