Dome
Refshaleøen, Copenhagen

Design Theme

The location of design site near the sea gave the idea of incorporating ‘wave’ form as the primary design curve for the structures in the Project Dome, (Refshaleøen, Copenhagen). This feature is evident throughout the art developed for this project.

Design Approach

High priority was given in developing structures that is artistically attractive, as well as pragmatic and constructible. The feasibility and scalability of the energy generating technologies were carefully analysed for each art on the site. A realistic engineering approach was adapted in each design segments, so that the project Dome can be realised and implemented.
Design Brief
In Project Dome, four major renewable energy resources (Solar, Wind, Underwater current & Biomass) are efficiently harnessed to generate clean green energy.
The centre of the art form is a dome structure (20m tall, 54m diameter). This is a four level/floor structure housing a museum, exhibition centre & gallery. This is  meant to be like a visual library showcasing the history of Refshaleøen and Copenhagen. At the apex of the dome there is a Viewing Deck, which reminds the history of ships and the shipyard that existed here in the past. The view from this deck is spectacular. The dome roof is beautifully covered with semi-transparent coloured PV panels. This provides ambient lighting inside the structure during daytime and generates electricity simultaneously.
Adjacent to the dome is a green circular dish design with walkways laid with pebbles. These are basically piezoelectric floors that generate electricity as people walk on them. The unique design of half cut roof shade and the mirror image on the ground gives the artistic beauty of the curve integrated to the dome, when viewed from the waterfront, as well as it completes the circular floral layout when viewed from the top. The PV panels installed here is similar to that on the dome.
A giant 5 MW Central vertical axis wind turbine rises from the centre of the dome. At a height of 80m and 75m diameter with 3m wide blades, this VAWT is really massive and new breed of its on kind. The high performance blades and frame is made of CFC and advanced light weight metal composites, thus reducing the weight of system considerably and increases efficiency. This turbine is also a piece of technology art.
A pine (GlassPine) like structure is installed in the region between the dome top and the VAWT hub base. This is a light sensitive structure and changes from opaque to translucent depending on the sunlight. This technology is similar to the dimming window glass used in Boeing 787 Dreamliner aircraft. The GlassPine changes its colour along with the dimming process to blend with the atmospheric lighting; this is achieved with the help of thin strips of LEDs arranged inside the structure. The basic building material of GlassPine is plexiglass and light artificial glasses. The surfaces facing the sky are embedded with thin transparent tinted photovoltaic panels. This transparency feature makes it almost invisible when viewed from outside.
As per directions in the design guidelines document, the water taxi terminal in the south west corner is retained. A roof embedded with semi-transparent coloured PV panels is designed on either sides of the site retaining the boundaries. In addition to this, 24 vertical axis wind turbines of 10KW capacity each are installed on these roofs. 
A Biogas – CHP plant is positioned at the rear of the site. This region is best suited for the plant as it facilitates easy access to transportation & distribution of raw materials and produced gas and power. This plant is externally wrapped in a metal-glass structure that gives visitors to the site a clear view of the plant from outside. The roof of the structure has a layer of thin grass with three circular PV installations. Visitors are not allowed inside the plant, but the view from outside is impressive
There is a floating café in the front of site with leaf shaped roof design. The roof is embedded with semi-transparent coloured PV panels which simultaneously provides light to café and generates electricity. The location and design of café structure gives the visitors a different feel. The café is surrounded by 8 integrated Stirling Energy System (SES) with concentrated PV system. The SES is 5.5m Fresnel Concentrator powering a Stirling engine driven generator unit. The SES in placed in a hemispherical base arrangement that can align automatically towards the sun’s changing position. The combined output of SES and CPV in each of the eight units is about 25KW.
Harnessing the underwater flow without disturbing the marine ecosystem of the region was considered important. Two units of most advanced underwater turbine technology with independent azimuth movement of the turbine-generator system is proposed on location close to either corners of the design site boundary. Each unit is designed to generate about 2 MW of power.
Basic Building Materials
Concrete (for base structures)

Aluminium

Steel

Woods (different types)

Plexiglass and other glass equivalent materials

Carbon Fibre Composite and advanced metal composites

Energy Generation (Estimated)

Installed PV area (effective)

Central Dome 


: 1250m²

Dome – Side Structures 

: 3300 m² + 3000m² 
Shade Roofs on either side 
: 850 m² + 750 m²
Floating Café 


: 335 m² + 80 m²

Biogas – CHP Plant Roof 
: 1350 m²

SES Dish (CPV system) 

: 150 m²

Total PV installed area 


: 11065 m²

Total Power output from PV systems
: 9400 MWh annually*
*Considerations:

· 1500 average annual hours of sunshine in Copenhagen, Denmark; equivalent of which can produce 850 kWh per m² per year on a horizontal surface 
10KW Vertical Axis Wind Turbine (Standard Specifications)

Rated Power



: 10KW

Rated Voltage



: DC110V (off-grid) 280-580V (in-grid)

Working Wind Speed


: 4-25m/s

Rated Wind Speed


: 12m/s

Average Annual Energy @ 5m/s 
: 9000kWh/yr

24 10KW VAWT installed

Total Output  : 216 MWh annually

Proposed 5MW Central Vertical Axis Wind Turbine (Specifications)

Height 



: 80m

Diameter


: 75m

Blade length


: 30m

Blade width 


: 3m

Rated Power 


: 5MW

Working Wind Speed

: 5-40m/s

Average Annual Energy

: 2500 MWh**
**Calculated with the least power generation

Proposed Fresnel Concentrator - Stirling Energy System

Concentrator Diameter 

: 5.5m

Rated power per hour

: 180kW/hour

Total Estimated Output

: 270MWh annually ~
~ 1500 hours (average annual hours of sunshine in Copenhagen, Denmark)

Biogas – CHP Plant (Standard Specs)

Plant Type


: Biomethane 
Plant Size 


: 6 MWgas
Raw Biogas processing

: 500 Nm3/h

Plant Installation area

: 4500m²

Proposed 2MW Underwater Turbine System (general specs)
Blade system

: 3 Blade independent pitch regulation

Blade material

: CFC with advanced light metal composites

Rotor diameter 

: 18.5m

Rotor speed

: 4-12 rpm

Generator system
: Azimuth motion 180° in-plane 

Generator type

: Asynchronous

Nominal power 

: Rated to provide 1MW into grid export cable

Voltage 

: 650 V (approx.)

Cooling system 

: Passive cooling (sea water)

Environmental Impact Statement

· Zero Pollution & Green Zone

· 100% Power generated from four major renewable energy resources (Solar, Wind, Underwater current & Biomass).
· Environment & surroundings are undisturbed.

· The art form blends seamlessly with its surrounding areas.

· The Project Dome is designed to be an open renewable energy research farm that could create a positive and promising impact.
