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Reflective Summary
My investigative groundwork culminated in the generation and 
manipulation of an assembly of unusual forms that hover above my 
chosen site, a small rocky islet just off the coast of Piraeus in Greece. 
This report focuses on the inhabitation of these forms and their 

tectonic and material realisation. 

Dealing with these organic geometries and interpreting the unique 
spaces they generate, in the context of my identified programme, has 
been my main challenge. I have alternated between developing the 
design in plan and section drawing, and through digital modelling. 
I have continued to learn from my design flaws, referring repeatedly 
to my earlier illustrative renders and established design aims as a 

method for evaluating my progress at each stage.
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A Bureau for 
Customs Fraud

1.
An introduction and background to the 
project which proposes A Bureau for Customs 
Fraud situated on a rocky islet just off the coast 
of Piraeus in Greece, conceived as a series 
of dispersed programme spaces which are 
shrouded by a unique fragmented canopy.



Three way graph demonstrating results of my ultimate Grasshopper definition and the variety of topographies generated. 
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Synthetic.

1.1  Project Origination

1.1  Project Origination 2

Introduction | The Cryptological Basis
The project has derived from an interest taken in the development 
of cryptography since its conception in Ancient Greece which 
prompted a series of investigations that explored the translation 
of cryptographic principles into purposeful design tools. These 
investigations were guided and strengthened by my ongoing 
research and understanding of different ciphers and methods 
of encryption and were ultimately inspired by the concept of 
“entropy” in computing. The processes developed were eventually 
applied to my identified site and the principle building fabric has 
been generated through a scripted algorithm (followed by manual 
refinement) that exploits the site’s unique topography.

Given my earlier groundwork and proposed programme (A Bureau 
for Customs Fraud) which, on a symbolic level, seeks to reassert 
Greek’s authority and redefine its physical position at the edge of 
the EU with subtlety, the overall vision and design principles are 
concerned with the realisation of a building project that presents 
a paradox, visually and experientially and, at varying scales and 
dimensions. This notion of a paradox builds upon my interest in 
cryptography and its implications in architectural design. 

The following key words communicate the overall themes of the 
project which will guide my design decisions.

Deception, 
Delicacy,
Illusion, 
Natural, 
Paradox, 
Subtlety,
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Through creating three separate 
animations, I was able to study the 
effects of increasing the value of specific 
individual parameters within my 
Grasshopper definition. These were: the 
(Contour) Curve Control Points and the 
“Surface Flexibility” and “Surface Span” 
parameters associated with the Patch 
command which generates a surface 
from a set of contours. The resulting 
topographies ranged from a minimalist 
form with gentle slopes to sharper 
undulating surfaces that become 
increasingly alien.

Right:

As this process evolved into the design 
of my building project I have referred 
back to and sought to embrace the range 
of surfaces generated at different scales 
through the design of various building 
elements. This has permitted the 
development of a coherent architectural 
language and extends the biomimicry of 
the islet. 

erratic ; lack of correlation gradual change consistent; rapid change

Pictorial graph demonstrating form 
extremities and individual parameter 
effects.

Analytical graphs demonstrating 
overall effects of increasing respective 
parameter value.
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The initial spatial configuration 
of the building elements and key 
programme spaces was informed 
by the identification of specific 
viewpoints and sightlines from 
the Koumoundourou islet toward 
mainland Piraeus. 

Using a 3D print of one iteration 
of the islet (a product of my earlier 
experimentations), I constructed a 
3D collage which connected my site 
to its surrounding views; I used this 
to establish the specific geometric 
relationships, looking to diversify 
the network of sightlines and 
explore their potential interactions 
and overlaps. This also considered 
the horizontal and vertical journey 
through the site and the specific 
views that will be preserved and 
highlighted.

I eventually embedded these views 
into the design by projecting the 
sightlines onto iterations of the 
islet's surface with which I began to 
dissect and extract forms from the 
morphed topography. The drawing 
shown opposite diagrams this 
process.   

Strategic Masterplan 
Identifying Viewpoints 
and Sightlines
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Amalgamation of extracted 
forms generated through 
initial alogrithm, combining 
three different iterations.
 

Site boundary used to trim
 

FINAL FORM 

Projecting sight lines onto the 
existing islet topography
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Three morphed iterations are identifed. These are dissected using cutting geometry 
based on predefined lines of sight and further aesthetic and practical refinement. 

Iterative digital extraction and 
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1.1  Project Origination

Abstraction to 
Integration
A pivotal decision at the initiation 
of the building design has been 
to reinterpret the product of my 
preliminary experimentations  
as the principal building fabric 
which will shroud a series of 
dispersed programme spaces 
across the islet. 

As a precursor to the focused 
design of the building project, in the 
context of my identified 
programme, I first investigated the 
potential evolution of the 
"encrypted" topographical forms 
into inhabitable spaces and 
architectures. The drawings 
shown right first studied this 
proposed concept in isolation 
through the design of  a single 
space.

This followed with a 
deconstruction and reassembly 
of the dissected terrain, 
combining different 
iterations of the 
simulated topography. The 
series of drawings shown 
overleaf demonstrate my 
developing approach which 
concluded  with the treatment 
of the organic forms as a 
dominating shell structure that 
shelters indoor and outdoor 
programme spaces. 

This set the scene for the 
detailed design development. 
Nevertheless I have continued to 
refer to these "visionary" 
drawings, for the material 
and spatial qualities they suggest, 
to evaluate my progress and 
instruct my decisions.  

7



starting point:
studying abstracted islet 
topography in isolation 

exploring contrasting/
harmonious materiality of 
building elements 

design synthesis: between 
distinct programme elements

interior views explored to 
further interrogate and revise 
design

key design change: precedence 
given to islet-like shell 

shrouding of programme spaces

shell and embedded spaces 
designed in unison to achieve 
harmony and delicacy 

1.1  Project Origination 8



1.2 Project Context  
 and Proposed Programme

The project acknowledges its global, continental, national and 
regional context and the design methods and strategies throughout 
the building project will attempt to negotiate between the 
implications of these dynamic and precarious relationships. 

Amid the global ambivalence concerning China's Belt and Road 
Initiative, Greece's Port of Piraeus has witnessed a sudden growth 
and splurge in traffic. Beside the benefits this has offered, since the 
leasing of two docks at the port to the Chinese state owned shipping 
company COSCO in 2009, there has been a reported increase in 
customs fraud in various forms and the Greek authorities are 
poorly equipped with tackling the problem. Shown right are screen 
grabs from articles released by different news agencies over the 
past two years reporting on this problem which is problematic for 
both Greece and the rest of Europe, where the majority of fraud is 
destined.

The controversial bailout programmes that followed Greece's 
financial crisis in 2009 gave rise to anti-EU sentiment amongst 
the Greek population, whilst the EU increasingly lost trust in and 
patience with Greece. 

During this period, in addition to the Chinese investment, the 
"European migrant crisis" rendered Greece, and in particular its 
capital city and Port of Piraeus, as a crucial "gateway" to Europe. 
This has placed Greece in both a vulnerable yet potentially powerful 
position. 

As Greece now emerges from its crisis, how might it take advantage 
of its assets and geographical location to amend its relationship 
with the EU and redefine its role within Europe and on the global 
stage? REGIONAL Attica Region 

GLOBAL The Belt and Road Initiative 
                     Greek-EU Relationship

Identified Site  

The Greek–EU Dilemma 

Greece–EU Relations

21st Century Maritime Silk Road

Municipality boundaries

My chosen site is an uninhabited rocky islet located roughly 50 
metres from the coast of Piraeus’ Kastella district and approximately 
2 and 6km east of the Port of Piraeus' passenger and container 
terminals respectively. 

The programme identified addresses the site‘s immediate context 
which sits as a discreet onlooker to ships heading toward and 
leaving the Port of Piraeus. The proposed scheme intends to 
respond to the issue of customs fraud at the port, as introduced 
above, by presenting a physical space where citizens from various 
EU member states can work together to identify and combat the 
various threats and illegal activities taking place.  

Isolation
The site provides an appropriate location for a number of reasons. 
Programmatically the isolation of the site offers an advantage; this 
way access to and from the site can be easily  controlled. Its isolation 
also implies a degree of autonomy which suits the collaborative 
aspect of the programme, i.e. one managed between Greece and 
the EU. 

History 
Historically the site has been exploited in a similar manner, serving 
for example as a military base in ancient Greece where it reportedly 
played an important role in the resistance of the General Archelaus 
against Sulla (86 BC). 

Planning
With regard to the proposed scheme in relation to council  
development plans: whilst the site is often included on maps of 
Piraeus and certainly familiar amongst the locals, my research 
indicates that there appears to be no long-term development 
plan that incorporates the site specifically. That being the case, I 
have assumed that the site is available. Moreover, the civil benefit 
presented by the proposed programme presents a strong argument 
for occupying the site. 

_Koumoundourou Islet 
 (Νησίδα Κουμουνδούρου)

Athens–Piraeus Relation
Attica Region is an administrative region of Greece, that 
encompasses the entire metropolitan area of Athens, the country's 
capital and largest city. The region is subdivided into eight 
subordinate regional units: North Athens, West Athens, Central 
Athens, South Athens, West Attica, East Attica, Piraeus and Islands. 
The maps shown right shows the western part of the Attica region 
highlighting the municipality boundaries of Athens and Piraeus. 

The Port of Piraeus has served as the port of Athens since ancient 
times and this historical relationship is increasingly pertinent 
today, Athens, on the one hand, is a global city and one of the 
biggest economic centres in south-eastern Europe. Meanwhile 
Piraeus already boasts the largest and one of the busiest passenger 
ports in Europe and is forecast to become the busiest port of the 
Mediterranean in terms of container traffic. This relationship 
between Piraeus, where COSCO's presence has already made a 
big impact on the economy and the vibrant city of Athens, which 
is being reborn from the ashes of the economic crisis, presents an 
exciting future for the region. 

The Site

Athens

Piraeus

Social, Political and Economic Context
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21st Century Maritime Silk Road

A   Ship Yards
B   Car Terminal
C   Container Terminal
D   Recreation boats
E   Passenger Port
F   Cruise Port

LOCAL Kastella, Piraeus

MUNICIPAL Port or Piraeus in relation to my identified site 

The Site

S A R O N I C  G U L F

KASTELLA

A

B

C

E

F

A
D

Bay of Zea

Mikrolimano

1.2 Project Context and Proposed Programme
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1.2 Project Context and Proposed Programme

BASE RESEARCH | Current Measures

1999
Head office: 
Brussels, Belgium

Founded

EU Revenue

EU Expenditure

Chiefly customs fraud:
Evasion of import duties, 
anti-dumping duties and 
countervailing duties

EU Staff

Digital Forensics

Investigation 
Support

Cooperation with 
investigative partners 

INVESTIGATIONS

CHALLENGES
False origin declarations

Under-evaluation of goods

Wrong description of goods

Smuggling

OLAF’S efficiency is hindered by:

Reliance on state/agency cooperation

Cultural barriers

Legal barriers

Language barriers

 Staff

ORGANISATIONAL STRUCTURE

Directorate General Independent Body

~ 420

HYBRID STATUS
from EU MEMBER STATES

POLICE

CUSTOMS 
EXPERTS

LEGAL
 EXPERTS

The European Anti-Fraud Office 
(commonly known as OLAF, from 
the French: Office européen de lutte 
antifraude) is a body mandated by the 
European Union (EU) with protecting the 
Union’s financial interests. 

Principle Advisor

Director General 
(Giovanni Kessler) 

Unit 0.1
Investigation 
Selection & 
Review

Unit 0.2
Budget & 
HR Business 
Correspondent

Investigations I Investigations II Investigation Support Policy

Unit A.1
EU Staff

Unit B.1
Customs & Trade Fraud

Unit C.1
Investigation Workflow

Unit D.1
Policy Development & Hercule

Unit A.2
New Financial Instruments

Unit B.2
Tobacco & Counterfeit Goods

Unit C.2
Information Systems Development

Unit D.2
Fraud Prevention, Reporting & 

analysis

Unit A.3
Centralised Expenditure

Unit B.3
Agricultural & Structural Funds I

Unit C.3
Operational Analysis & Digital 

Forensics
Unit D.3

Interinstitutional & External Relations

Unit A.4
External Aid

Unit B.4
Agricultural  Structural Funds II

Unit C.4
Legal Advice Unit D.4

Customs & Tobacco Anti-Fraud 
Policy, AFISUnit B.5

Agricultural & Structural 
Funds III

Unit C.5
Information Systems 

Infrastructure

Assistants

Internal Auditor

Data Protection Officer

Spokesperson

DIRECTORATES

A B C D

Administrative budget in 2016 (million EUR)

1   Eu Staff 
2   Infrastructure
3   ICT
4    External agents 
5   Missions

6   Anti-fraud measures
7   Training, meetings and committees

1

2

3

4

5
6

Carry out independent investigations into fraud 
and corruption.
To ensure that all EU taxpayers’ money reaches 
projects that can create jobs and growth in Europe.

Strengthens citizens’ trust in the EU Institutions by 
investigating serious misconduct by EU staff and 
members of the EU Institutions.

Develop a sound EU anti-fraud policy.

Investigations

Building Trust

Policy

MISSION PIRAEUS PORT

Port Ownership

COSCO

Hellenic Republic Asset 
Development Fund

Other Investors

51%

27%

23%

The Port of Piraeus is the largest Greek seaport and one of 
the biggest in the Mediterranean Sea and Europe.

In 2002 the Greek government leased the port zone 
lands, buildings and facilities of Piraeus Port to PPA for 
40 years. In 2008 this was modified to 50 years. with the 
lease is ending in 2052. 

Since the Greek government-debt crisis started in late 
2009 the Greek government privatized several state-
owned assets. including the port of Piraeus.

In October 2009 Greece leased docks 2 and 3 from PPA 
to the China Ocean Shipping (Group) Company (in short: 
COSCO) for a 35-year-period. For its presence at the port 
COSCO is paying 100 million euros every year

Recent History 

As of 10 August 
2016 COSCO owns 
a share of 51%, the 
Hellenic Republic Asset 
Development Fund 
23,14 % and other 
investors 25,86 % of 
Piraeus Port Authority.

There are a number of factors that have made Greece an attractive 
hub for smuggling activity. 

Greece has a combination of remote and porous land 
borders and the second-longest coastline in Europe. This 
makes bringing contraband into the country relatively easy 
using, for example, trucks or small vessels.

Lack of resources
The scale of operations at 
the port of Piraeus makes 
the monitoring and seizure 
of goods quite challenging 
due to the lack of necessary 
scanning equipment and a 
lack of digitisation.  Postal 
mail is still used an relied 
on by officials for formal 
requests and while there is 
a police database, there are 
no centralised digital criminal 
records.

Corruption
Inspecting one container 
can, reportedly, take half a 
day, and the choice of those 
being searched is open to 
manipulation by corrupt 
officials. There have been 
several attempts to tender for 
a fixed scanner for Piraeus, 
but as of June 2016 these 
had been unsuccessful and 
Greece remained the only 
EU country without such 
equipment. 

Law Enforcement 
One systemic factor affecting 
the approach of Greek law 
enforcement agencies is that, 
as in many other European 
countries, investigations are 
prosecutor-led. 

This makes the circulation of goods into 
the rest of Europe relatively straightforward.

Greece is part of the 
Schengen Area

2

3

1
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1.2 Project Context and Proposed Programme

Proposed Scheme | Greece as Europe's watchdog 

Cafeteria (and kitchen)

Conference/Meeting/Training Employee/Visitor Support Spaces

Operation and Maintenance Spaces

Building Security 

Director

Senior Staff

x 6

x 15

x 15

x 15

x 15

x 10

Team A

Team B

Team B

Team C

MaintenanceIT/Admin Security

x 2 x 4

~10m2

Office/Work Spaces

x 50

x 20

Entrance 
Lobby 

Breakout 
Space /

Cloakroom 

Restrooms 
& 

Showers

General 
Storage

General 
Storage

Plant Room

Coast 
Guard 
Office

Control
Room

Country of Origin Fraud

Undervaluation of 
Imports

Misclassification of 
Imports 

Anti-dumping and 
Countervailing Duties

The project proposes A Bureau for Customs Fraud which will serve as an extension to 
OLAF’s head office in Brussels and will be dedicated to OLAF’s investigations that concern 
EU Revenue, specifically customs fraud, in response to the current issue. 

The proposed spaces, organisational structure and number of employees is based on 
OLAF’s current management and administrative budget. 

Organisational Strategy 
(Macro)

Proposed Site Plan      Existing Site Plan      

PUBLIC 

HIGH

EVENING MORNING

LOW

PRIVATE 

ACTIVITY LEVELS 

THE TEAMSPROGRAMME SPACES & PEOPLE
(Relative Space Sizes) 

The Bureau will recruit and train employees locally 
and from other EU member states. 
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Organisational Strategy (Meso)

1.3 Overall Design Strategies 

As the majority of the building form was dictated by my 
initial investigations,  the spatial organisation and allocation 
of the programme spaces has since followed relevant practical 
requirements and also attempts to consider the poetic relationship 
between the varying qualities of the interior spaces formed by my 
algorithm and the nature of the work carried out by each of the 
identified office teams.* MICRO 

Four key levels have been identified across the site; the programme 
spaces occur at the upper three levels.

Overview of programme spaces

Located at the northern part of the site facing the city of Piraeus.
Provides the only point of access to/from the site. 

Acts as a secure gateway to the remainder of the site and programme 
spaces. Contains a  reception, restrooms and a small informal meeting room. 

Provide access to LEVEL 01 (+13 metres) where the main programme 
spaces are located and exclusive access to LEVEL X  (+9 metres)  which 
leads to a private walkway, studio and office for the Director of OLAF. 

Located in close proximity to the circulation core for security purposes and 
faces south toward the Saronic Gulf with a view of oncoming ships. 

Studio and office space for the Director of OLAF, located on private LEVEL X

For the Bureau’s various activities and OLAF's broader use. 

The AV/CVD team will be responsible for investigating dumping claims and 
imposing measures.

This includes: Open plan office spaces for the Bureau's  investigation teams; 
a cafeteria and kitchen;  and showers and restrooms. 

Distributes electricity and water to all parts of the site via utility trenches. 

1  Dock 

2  Entrance Space  Detailed 
Design 
Focus 

3  Walkways 
    (Horizontal Circulation)

4  Lift and Fire Escape Stairs
    (Vertical Circulation)

5 Coast Guard Office & Control Room

7 Director Studio and Office Space

6 Conference/Meeting/Training Space

8 Anti-dumping & Countervailing Duties (AV/CVD) Team

9 Main Programme Spaces

10 Power Plant

LEVEL 00

LEVEL X

LEVEL 01

Level 01

Level X

Level 00
DOCK Level

Sea Level  

An example of this will be further demonstrated through the design 
of the AD/CVD Space. The majority of cases of customs fraud are 
attempts to evade anti-dumping and countervailing duties. Thus 
the team based in this space has a key role and will be responsible 
for the imposition of anti-dumping/countervailing duties. As such 
it is distinguished from the remainder of the programme spaces 
and situated within the prime "hood" of the site. 

* (Micro)
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Access, Evacuation and Security Strategy 

ACCESS TO & AROUND THE ISLET
Access to the islet requires a short journey by 
boat from the shore, stationed approximately 70 
metres north of the islet.

Walkways provide horizontal access between 
spaces and a lift and stair core permit access to all 
three programme levels. 

Inclusive access is made possible through the 
insertion of a platform lift within the stepped 
access from the DOCK Level to Level 00.  

EVACUATION 
In the event of an emergency, such as a fire 
or flood, users may either congregate at the 
assembly points (at the DOCK level or LEVEL 
01) or access the lifeboats located in three areas 
around the site. 

A protected stair core and evacuation lift ensure 
that there is a means of escape for all building 
users. 

SECURITY 
Given the nature of the programme, profile of 
the potential users and the location of the site, 
surveillance and security measures are put in 
place to protect the users and subtly reinforce 
Greece's authority and borders. 

Surveillance cameras are embedded discreetly 
into the rock around the site to monitor activity 
on and around the islet. A coastguard office and 
control room is located on the south part of the 
islet. 

Assembly Point

Journey to site

Stair Core

Coast Guard Office 
& Control Room

Platform Lift

1.3 Overall Design Strategies 
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1.3 Overall Design Strategies 

Structural Strategy
Demonstrated through exploded construction of Entrance Space, Dock and Stepped Access. 

Interior Columns, Floors and Walls

Exterior Walls 

Glass Floor

Dock, Walkways & Stepped Access

Foundations

Principal Building Fabric

Fabric formed, textile reinforced concrete, 
cast in-situ with a non-uniform thickness  
to allow the form to taper toward its edges and 
give the illusion of a very thin shell hovering 
above the islet.

Involves the use of extremely lightweight 
formwork which will be easier for 
transportation.
Minimises the thickness of concrete allowing 
for thinner, slender, lighter surfaces.
Both reinforcement and formwork are 
suitable for constructing curved surfaces. 

In-situ reinforced concrete with a smooth 
finish. 

Columns to be constructed in 4 sections 
using timber formwork. 

Frameless glazing system consisting of 
curved and straight panels. 
Glass specification be further investigated, 
including potential use of Gorilla Glass.

The glass will extend below the floor slab, 
dipping or hovering above the sea, to 
conceal the support structure and reflect the 
seawater. 

36mm (12x3mm glass sheets) glass floor 
composed of 2x1m glass panels and 
supported by a system of primary and 
secondary glass beams, 600 and 300mm 
deep respectively,  and composed of 5x15mm 
glass sheets. Primary beams  to be supported 
every 6m with steel columns. 

In-situ reinforced concrete mixed with 
limestone, cast using timber formwork. 

The undulating forms rest on concrete 
columns attached to pad foundations 
underground, positioned at the surface 
troughs. 

600x600mm concrete pad foundations 
inserted at a depth of 500mm. 

The reported depth of the water is 
~1.5metres. As the proposed site sits on a 
hard rocky surface, deep foundations and 
piles are not required. 

+
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1.3 Overall Design Strategies 

Passive & Active Systems and  
Servicing Strategy

Environmental Strategy 

Energy Harvesting & Distribution 
INTEGRATED PV PANELS 
PV panels fitted into the main building 
fabric will generate energy that can be used 
throughout the scheme. 

UTILITY TRENCHES
Electricity and water will be distributed via 
utility trenches built underground. Although 
in the case of hot water, this method may 
incur a loss in some energy, given the 
relatively small size of the islet, this option 
is nevertheless the most appropriate way of 
servicing the dispersed programme spaces 
and without sacrificing the design aesthetics.  

Heating and Cooling 

THERMAL MASS 
Exposed concrete floors, walls and natural 
rock surfaces store heat during the day and 
release it at night. 

RADIANT COOLING/HEATING  
Hydronic radiant systems will be installed 
within the main building fabric, utilising 
seawater pumped through pipes to cool or 
heat the interior spaces. 

NATURAL VENTILATION
Passive cooling will be made possible 
by taking advantage of the prevailing 
northerly winds through careful placement 
of openings within the building envelope. 
Openable rooflights will also incorporate 
permitting stack ventilation. 

SOLAR SHADING
The principal building fabric acts as solar 
shade keeping interior and exterior spaces 
cool.

Water Supply

SEAWATER DESALINATION
The scheme will take  a dvantage of the 
site's location and the abundance of water 
available through a seawater desalination 
system.

Seawater will be pumped to the plant room 
where it will be treated and redistributed as 
drinking water or hot water to the various 
programme spaces. 

Waste 
Waste will be stored locally and collected by 
a ferry for suitable disposal. 
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The environmental systems proposed acknowledge the isolation 
of the site from the mainland (and therefore from any mains 
supply) and so consider how the islet may become self sufficient.

The environmental section below also demonstrates how the 
proposal intends to incorporate passive and active heating and 
cooling systems.  
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Deceptive Technologies
Besides moderating the internal and external environment across 
the islet through various methods for user comfort and energy 
efficiency, the design will also consider the (theoretical) possibilities 
of generating different types of mirages through achieving/
enhancing the perfect atmospheric conditions.

The notion of a mirage takes inspiration from my earlier interests 
and reinforces both the programmatic aims (combining a subtle 
response to the issue of customs fraud at the port of Piraeus and 
a discreet element of surveillance) and architectural intentions (to 
challenge the limits of reality and materiality). 

The diagram shown right demonstrates the basic considerations 
and proposed concept which will be developed in Section 3 
(Radical materiality: Artificial Mirages) of this report. 

Proposed methods of testing and demonstrating the effects 
of a mirage (Initial Thoughts)

Physical Experiments
I have considered using water/liquids of varying solutions and 
densities to simulate the effects of a mirage by viewing the proposal 
(as an image or physical model) through the different densities of 
water/liquids as the index of refraction will differ in each layer. The 
refraction of the light can be demonstrated using a laser beam.

Volumetric Heat Haze via V-Ray for 3ds Max
Volume ray marching, is an image-based volume rendering 
technique. It computes 2D images from 3D volumetric data sets 
(3D scalar fields) unlike ray tracing, which processes surface data. 
When Render Mode is set to Volumetric Heat Haze, this value 
acts as a multiplier for the amount of haze. This option enables a 
heat haze effect to simulate the visual distortion that occurs over 
hot surfaces (such as pavement in a hot environment). The traced 
ray changes its direction according to the gradient specified in 
the Surface section. A value of 1 corresponds approximately to 
the normal heat haze in air caused by the temperature. If smoke 
or other channel is selected as source, a larger multiplier may be 
required to achieve a visible result.  When set to a value greater than 
0, Heat haze works by adding refraction at each ray-marching step 
through the volume. 

The latter method involves scientific calculations that simulate real 
life phenomena and thus presents a potentially interesting and 
reliable method for investigating and testing mirages digitally.

Atmospher ic Condi t ions

Archi tectural  Adjustment
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Mirages

InferiorSuperior

Fata Morgana

Take advantage of temperature 
inversion and turbulence in the 
Attica Region (mostly during 
winter months)  by ensuring 
the islet's environment align to 
the conditions required for the 
optical phenomenon. 

Temperature Inversion: a layer 
of cool air at the Earth's surface 
is overlain by a layer of warmer 
air.

Regulate the building 
fabric through appropriate 
technologies to permit a 
cooling of the air close to the 
skin surface.  

When the air near the ground 
is very warm compared to the 
air just above it. More common 
during summer months. 





Drawing Pack 
Level 00 GA Plan 1:200

Level X GA Plan 1:200

Level 01 GA Plan 1:200

Entrance Space Lower Floor Plan 1:100

Entrance Space Upper Floor Plan 1:100

Section A-A 1:100



Level 00 GA Plan 
+4 metres above sea level 
1:200 @ A1

KEY
1  Dock

2 Stepped Access 

3  Entrance Space

4 Level 00 Walkway

5  Lift and Fire Escape Stairs 

6  Coast Guard Office 

7  Conference/Meeting/Training Space
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6
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3
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Level X GA Plan 
+10 metres above sea level 
1:200 @ A1

KEY
1 Director Studio and Office Space

2  Level X Private Walkway

3  Lift and Fire Escape Stairs

1

2

3



Level 01 GA Plan 
+19 metres above sea level 
1:200 @ A1

KEY
1  AD/CVD Team Space 

2  Main Programme Spaces

3  Power Plant

4  Lift and Fire Escape Stairs

1

2

3

4



Entrance Space | Lower Floor Plan
1:100 @ A1



Entrance Space | Upper Floor Plan
1:100 @ A1



Section A-A
1:100 @ A1

KEY
1 Entrance Space

2 AV/CVD Team Space

1

2

Sea level

+1 metre (Dock level)

+2 metres  (Level 00: Entrance level)

+5 metres (Meeting Space)

+13 metres (Level 01)

E                   F            G              H  
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Simulated Geology
& Deceiving Tectonics

This section focuses on the development of 
the principal building fabric, demonstrated 
chiefly through the envelope to the Entrance 
Space. 

The form and materiality of the 
principal building fabric seek to become a 
continuation and exaggeration of the existing 
islet’s geology. 

2.





Site preparation/clearing
Site layout survey
Safety barriers erected
Major/minor excavation works
Foundation work

Excavation is kept to a minimum which, given the 
hard rock terrain saves time and reduces costs. 
The excavator will operate from a ferry stationed as 
close as possible to the islet.
The greatest task will be the excavation required for 
the stair core. 
Holes are dug for the pad foundations at a 
minimum depth of 500mm. 
Some ground levelling and foliage clearance will be 
required. 
A site office and safety barriers are erected at the 
top of the islet. 
A scissor lift is used for vertical circulation. 
The main programme space and outdoor area (on 
Level 01) is established for use as a temporary 
storage space. 

Dock, walkways, stepped access and 
stair core cast in-situ. 
Steel stairs and evacuation lift are 
installed. 

Completion of this stage facilitates access around 
the site. 

Glass floors constructed. 
Prefabricated column formwork 
assembled on site and concrete 
columns cast in-situ. 
External walls erected.

Building skin cast in-situ. 
Skins finishes added on. 
Internal walls cast in-situ.
Fixtures and fittings installed.
Final cleaning works undertaken.   

2.1 Construction Sequence

1

2

3

4

Columns: Method of Construction 

Plywood formwork 

fabricated off-site  

Prefabricated elements 

assembled on site and  

column cast in-situ. 

2.1 Construction Sequence

Holistic Overview
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On reflection I deduced that my initial iterations lacked the 
“randomness” of natural geological forms. Using an image 
of a mosaic tile pattern as my base, I developed a tileable 
pattern containing tiles of differing dimensions and not 
arranged on a rigid (horizontal and vertical) grid. This 
produced a seemingly arbitrary configuration of panels 
whilst based on a panel with repeating 2D dimensions. 
Given the surfaces are not planar, the curvature of each 
panels does differ. 

Radiation Solar Analysis
A cumulative radiation solar analysis of one element of 
the main building fabric was used as a starting point to 
demonstrate how the composition of a variety of surface 
panels can be instructed by identifying which areas 
receive the highest levels of solar radiation and therefore 
determine the optimum distribution of photovoltaic cells. 

Composition and Panellisation 

Above: Iterations exploring different 2D panelling 
configurations and material combinations. 

KEY

Triangular

Hexagonal 
(Large)

Polycrystalline Silicon 
PV Panel (Black)

Porous Stone

Mosaic (Irregular)

Polycrystalline 
Silicon (Green)

Ceramic Tile 
(Crackled Glaze)

Square

Recycled  “Marble” Plastic 

1

2

3

4

5

FLAT REGION

APEX, CONVEX REGION, SHARPEST CURVATURE

TROUGH, CONCAVE REGION, SHARPEST CURVATURE

AVERAGE SURFACE CURVATURE 

EDGE/CORNER

I identified 5 different categories for grouping the different 
types of panels. My detailed study considers the fabrication 
methods for each panel type.

2.2 Principal Building Fabric Study

Preliminary Study: Establishing Basic Parameters and Agenda

2.2 Principal Building Fabric Study 

2

1 3

4

5

2500m
m

6250m
m

1000mm
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2.2 Principal Building Fabric Study 

From planar proposal to three-dimensional topography
The final development of the proposed panellisation of the surface attempted to 
construct a three-dimensional version of my ultimate mosaic pattern. Several 
methods were tested in order to achieve this digitally. The final decision was to 
manipulate the projected curves which revisited similar principles to those applied 
in my initial investigations. 

The overall design intent is to populate the surface with an assemblage of "fake" 
rocks with different materials and properties.

Below: Example of the unsuccessful attempts at projecting a panel containing three-
dimensional elements onto a complex surface.  

Breakdown of Grasshopper Definition

Generating a Rocky Surface 

The surface and associated curves (projected mosaic pattern) are 
inputted. The curves are rebuilt with a specific number of control 
points (40) to clean and control the data.

As the inputted curves are not planar, the centre point is found 
by deconstructing each curve control point into its x, y and z 
component. An average value of each of the x, y, z components is 
then calculated to give the centre point. 

By identifying the closest point on the surface, a normal vector is 
constructed at the curve centre points. The value of this vector is 
amplified and translated in the Z direction.

The magnitude of this translation is directly proportional to the 
length of the curves limiting the height to a maximum of 250mm. 

The Patch command is ultimately used to generate the surface of 
the individual rocks. 

Given the large number of complex curves and surfaces, a filtering 
system is used to perform this operation in batches.  

1

5

6

2

3

4

The three points are used to construct an arc around the base 
curve. 

7

Two points along each curve (panel edge) are also identified at 
specific locations (0.5 and 1.0).

21





Extended Material Exploration and Specification 
_Catalogue of "Rock" Samples

Individually cast plastic tiles  
using 3D printed mould and fabric

Bespoke curved tiles

CNC milled stone 

R E A L  S T O N E

T R A N S L U C E N T /
T R A N S P A R E N T

C E R A M I C  T I L E S 

R E C Y C L E D 
P L A S T I C

Subtractive manufacturing:

Flat mosaic tiles on mesh backing 

Expensive
Heavy material
Material wasted

Labour intensive

Labour intensive

Permit leak of activity whilst 
preventing/controlling views in. 

Opportunity to reuse excavated 
material.

Variety of textures and colours 
achievable - that may mimic and 
exaggerate rocky surfaces  

Variety of textures and colours 
achievable  

– 

+ 

+ 

Low carbon footprint  

Low carbon footprint  

Generate energy for use across 
the scheme 

Good insulator

Low cost  

High cost  

+ 

+ 

+ 

- 

Handmade ceramic tiles 
(perfectly imperfect)

3D printed mould, cast using 
fabric 

Hand carved stone

Bespoke curved glass panels

Aerogel: translucent and very 
good insulator at low thicknesses. 

Continued exploration of 
the different  finish options 
for the principal 
building fabric considering 
methods of construction, 
fabrication, and visual and 
haptic properties against 
overall advantages and 
disadvantages.  

P H O T O V O L T A I C S  

Bespoke curved panels 

Small lat panels on mesh 
backing, forming curved surface.  

Bespoke 2D curved panels 

N O T A T I O N  K E Y 

Material

Polycrystalline Silicon

Monocrystalline Silicon

Recycled Plastic

Real Stone

Ceramic Tile

Translucent

Panel Form

Two-dimensional

Three-dimensional

Finish

Smooth
Rough

Options for fabrication and assembly

2.2 Principal Building Fabric Study 22
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Basic Layers of Construction 

2.2 Principal Building Fabric Study

1

2

3

4

5

Surface Panels (various material finishes)
PV Solar Panels
Ceramic Tiles
Recycled Plastic Tiles 

Steel Secondary Structure

30mm Aerogel Insulation

16mm ⌀ Radiant Cooling/Heating Pipes

50-150mm Textile Reinforced Concrete

1.

2.

3.

4.

5.

A

D

B

E

Typical Tiles Samples

A

B

C

D

E

TWO-DIMENSIONAL

CONVEX, SHARPEST CURVATURE

CONCAVE, SHARPEST CURVATURE

AVERAGE SURFACE CURVATURE 
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Method of Construction  (In-situ Concrete) Panels Fixing Methods

Fabric ormed, textile-reinorced concrete. 
Minimises waste, size and weight of materials.

The method of construction proposed for the concrete 
structure of the principal building fabric takes inspiration 
from a project carried out by researchers at ETH Zurich. The 
photographs shown left demonstrate the construction process.  

The team built a concrete roof measuring only 30-120mm thick 
which combined innovative digital design and fabrication methods. 

The extremely lightweight formwork comprises a net of tensioned 
steel cables covered with a stretched polymer fabric. Algorithms 
were used to perform precise calculations that ensured forces were 
properly distributed across each steel cable. 

After layering the textile reinforcement, the concrete is sprayed 
onto the formwork; the concrete had to be just the right viscosity to 
be sprayed and also stick onto the vertical surfaces.

My design proposes the same method, replacing however the 
tensioned steel cables with a steel structure as the base for the fabric 
shuttering; these steel beams will eventually be mounted onto the 
concrete to support the finishes. 

2.2 Principal Building Fabric Study 

5 1

Scaffolding

Edge Beams

Steel Structure
(Reused to support fabric finishes)

Fabric shuttering

Textile reinforcement

Concrete (sprayed onto formwork)

Given the great diversity of the surface finish panels, which vary 
with regard to material, size and curvature, the fixing method 
developed has sought to reduce the variation required as much as 
possible. 

For Panel Types A to D, as identified overleaf, the method employs 
a standard, adjustable connection which can be attached to the 
underside of each panel with an adhesive and screwed into a slot 
in the steel T-beams. 

Panels located at the surface edge, beyond the exterior envelope, 
rest on a very thin concrete base. To maintain this tenuity, a 
different fixing method is used. The panels will be fabricated with 
an internal walled base attached to their underside; this will provide 
a suitable surface for mounting the panels onto the concrete base 
with a structural adhesive. 

For Panel Types A → D

Concrete Base

Concrete Base

Structural Adhesive

Typical Panel

Typical Panel

Offset walled base with 
level face for mounting 
onto concrete

Steel T-Beam
with slot 

Adjustable fixing 

For Panel Types E
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Envelope Treatment | Delicacy vs. Density
In order to achieve the paradoxical effect of a rock-like yet 
simultaneously thin surface, the main building fabric will be 
composed of through three different continual buildups that permit 
a deceptive thin surface edge which gradually thickens beyond the 
exterior envelope.  

Despite their apparent weight, from a far distance, the "rock" 
panels will appear to hover above the existing terrain or, at a closer 
distance, rest on a delicate shell beneath.

Detailed Construction | Key Junctions

A

B

C
D

E

F

G

2.2 Principal Building Fabric Study

M
aintenance/S

ervice Tunnel 

908570 807565605550454025 35302050 1510-4 42 62585446393837

Access and Maintenance 

Externally the maintenance of the building fabric may be performed 
from an electric scissor lift stationed either on the islet or on a 
workboat close by. 

Internally small spaces may be maintained via platform ladders 
whilst larger spaces may use vertical masts. 

Maintenance/service tunnels support  the vertical  and horizontal 
distribution of services without comprising the quality and 
simplicity of the interior spaces. 

The tunnel also permits access to and maintenance of the glass 
floors. 
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Detailed Construction | Key Junctions

Principal Building Fabric | Condition 1

Fabric finish panel
10mm structural adhesive 
50mm prefabricated textile-reinforced concrete module

Principal Building Fabric | Condition 2
& Glass Floor Junction 1
Fabric finish panel
Steel T-beam support structure
30mm aerogel insulation 
DPM
100mm in-situ textile-reinforced concrete slab

100mm prefabricated textile-reinforced concrete module, attached 
via welded steel plates.
Prefabricated textile-reinforced concrete service sweep module 
10mm gorilla glass glazing

Prefabricated textile-reinforced concrete edge beam

36mm (12x3mm glass sheets) glass floor composed of 2x1m glass 
panels
50x15m, 600mm Primary glass beam 
50x15mm, 300mm Secondary glass beam

Principal Building Fabric | Condition 3

Fabric finish panel
Steel T-beam support structure
30mm aerogel insulation 
DPM
16mm ⌀ radiant cooling/heating pipes
100mm in-situ textile-reinforced concrete slab

Principal Building Fabric | Condition 4

Fabric finish panel
Steel T-beam support structure
30mm aerogel insulation 
DPM
16mm ⌀ radiant cooling/heating pipes
150mm in-situ textile reinforced concrete slab

In-situ textile-reinforced concrete column cast using plywood 
formwork 

Rooflight Beam 
Prefabricated fabric formed textile-reinforced concrete beam attached 
to fabric via welded steel plates
2x10mm glass rooflight panels  

Rear Glass Walls 
2x10mm glass panels mounted in steel shoe, anchored onto artificial 
"rock" base

Glass Floor Junction 2
10mm steel shoe on 10mm steel base plate holding primary glass 
beam 

1

1

2

3

4

A

B

D

E

F

G

C
1

1

1

1

1

2

1

2

3

4

1

1

1

2

1

1

1

2.2 Principal Building Fabric Study

E

D

C

B

A

F

G
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Detailed Construction | Roof Drainage

Power & Lighting

Glass Floor Junction 1

Aerogel InsulationStructural Columns Design 
Similarly to the treatment of the main envelope, the columns will 
taper toward their base, like inverted contours or mountain roots

Tapered aerogel insulation provides falls to rainwater downpipes 
integrated within the structural columns. The curvature and slope 
of the main fabric also permits rainwater runoff. 

Achieving maximum tenuity in the design of the building fabric has 
been a key tectonic aim of the design and considered for each of the 
layers of construction including the thermal insulation. 

For this reason, aerogel insulation has been specified for use 
throughout the building fabric. Due to their high porosity, aerogels 
exhibit the lowest thermal conductivity of any solid with the 
potential to achieve U-values as low as 0.1W/m²K, whilst also 
being transparent to light and solar radiation. The design therefore 
incorporates a minimum insulation layer of 30mm which provides 
an adequate U-value of 0.36 W/m²K.           

2.2 Principal Building Fabric Study

2

1

3

4

 1

 2

 3

 4

Tapered aerogel insulation 

150mm textile-reinforced concrete column

Integrated drainage ⌀ 100mm steel tube 

Underground concrete drainage channel returns water to sea
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Left: Graph showing the thermal 
conductivity of aerogel compared 
to other common insulation 
materials.   
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100mm prefabricated textile-reinforced concrete module, attached via 
welded steel plates
LED strip lighting
Power strip
10mm gorilla glass glazing
Prefabricated textile-reinforced concrete service sweep module
Conceals lighting, power strip and glass floor junction.
36mm glass floor slab
Steel shoe (Inserted within concrete edge beam; holds glass beams)
Prefabricated textile-reinforced concrete edge beam.
10mm gorilla glass glazing below floor level.
Gives the exterior impression that the glazing is continuous.

The junction between the glass floors and walls considers how 
the two building elements can enhance and maintain a sense of 
continuity (between the interiors and exteriors) and delicacy, as 
well as incorporate power and lighting. 







Radical Materiality: 
Artificial Mirage(s)3.

This section focuses on the theoretical 
possibilities of achieving various 
mirage effects through the regulation of the 
principal building fabric and the islet's 
microclimate. 

My investigations have attempted to 
couple scientific knowledge with data 
derived from my proposed drawings, and 
historical weather and climate data. 

The calculations performed may 
have been crude or erroneous; 
nevertheless the extreme scenarios I 
envision originate from my research and 
present the basic principles with which 
they might be calculated and promoted. 





ºC

Understanding the optical phenomenon. 

Mirages on a Large Scale

BASE RESEARCH

Superior Mirage &
Atmospheric Temperature Inversion
A thermal inversion is an atmospheric condition where warmer air 
exists in a well-defined layer above a layer of significantly cooler 
air. This is the opposite of what is normally the case; air is usually 
warmer close to the surface and cooler higher up.

A superior mirage occurs when the air below the line of sight is 
colder than the air above it. This unusual arrangement is called a 
temperature inversion. Passing through the temperature inversion, 
the light rays are bent down and so the image appears above the 
true object. The inversion layer must have just the right temperature 
gradient over the whole distance to make this possible.

Fata Morgana &
Non-Uniform Temperature Inversion 
A Fata Morgana is a complex form of superior mirage that is seen 
in a narrow band right above the horizon, "characterised by objects 
being distorted in such a way as to appear as castle-like features". 
It is an Italian term named after the Arthurian sorceress Morgan 
le Fay, from a belief that these mirages, often seen in the Strait of 
Messina, were fairy castles in the air or false land created by her 
witchcraft to lure sailors to their deaths.  

"The Fata Morgana is most common over water and is therefore 
usually seen near coasts, especially when a layer of cool air gets 
sandwiched between a warm sea surface and a layer of warmer air 
above, so producing a 'lifted inversion'" (Buckle, 1996)

Alistair Fraser, an expert on atmospheric optics at Pennsylvania 
State University, attributes the Fata Morgana to a situation where 
the temperature increases slowly with height from the surface until 
it reaches a shallow air layer where the increase in temperature 
becomes quite rapid. This layer is then topped with another layer 
of slowly increasing temperature. This atmospheric temperature 
structure magnifies objects whose light rays pass through the 
middle layer. Minor spatial variations in the inversion pattern can 
project a complex image pattern toward the observer. Variations 
in the degree, thickness or location of the layer may even cause 
relatively smooth surfaces of water or snow to appear as a line of 
irregular towers and spires.

Because of the constantly changing conditions of the atmosphere, a 
Fata Morgana may change in various ways within just a few seconds 
of time, including changing to become a straightforward superior 
mirage. With a Fata Morgana it can be hard to say which individual 
segment of the mirage is real and which is not real: when a real ship 
is out of sight because it is below the horizon line, a Fata Morgana 
can cause the image of it to be elevated, and then everything which 
is seen by the observer is a mirage. On the other hand, if the real 
ship is still above the horizon, the image of it can be duplicated 
many times and elaborately distorted by a Fata Morgana.

Atmospheric Duct
The most spectacular atmospheric-refraction phenomena are 
produced by ducts. Optical ducts are only produced when there's 
a steep thermal inversion. A Fata Morgana requires a duct to be 
present; thermal inversion alone is not enough to produce this kind 
of mirage.  

In calm weather, a layer of significantly warmer air may rest 
over colder dense air, forming an atmospheric duct that acts like 
a refracting lens, producing a series of both inverted and erect 
images. An observer needs to be within or below an atmospheric 
duct in order to be able to see a Fata Morgana. 

Photographed Examples
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COLD WATER

COLD AIR

WARM AIR

HORIZON

Line of Sight 

REAL OBJECT

SUPERIOR 
MIRAGE

3.1 Toward a Mirage | Preliminary Study

As introduced in the opening chapter, the technological resolution 
of the building systems has considered the (theoretical) possibilities 
of generating different types of mirages whilst simultaneously 
moderating the internal and external environment across the islet.

The notion of a mirage takes inspiration from my earlier interests and 
reinforces both the programmatic aims (combining a subtle response 
to the issue of customs fraud at the Port of Piraeus and a discreet 
element of surveillance) and architectural intentions (to challenge 
the limits of reality and materiality) of the project. 

3.1 Toward a Mirage | Preliminary Study

Sixteen frames of the mirage of the Farallon Islands photographed on 
the same day. Under normal conditions , the islands cannot be seen 
from sea level at all because they are located below the horizon. The first 
fourteen frames have elements of a Fata Morgana display (alternations of 
compressed and stretched zones). The last two frames were photographed 
a few hours later around sunset. The air was cooler while the ocean was 
probably a little bit warmer, which made the temperature inversion 
lower. The mirage was still present but it was not as complex as it had 
been a few hours before sunset and it corresponded no longer to a Fata 
Morgana but rather to a superior mirage display.

A nineteenth century book illustration, showing enlarged superior 
mirages.

Fata Morgana effect, Annapolis MD.

Superior mirage of the boats at entrance of the harbour at Victoria, 
British Columbia,Canada.

Fata Morgana of a ship by Beacon Hill Park. Victoria, British Columbia. 
The images span a time of approximately 30 minutes. To the right is a 
silhouetted deconstruction I produced of this sequence as a study of the 
visual effects. 
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Regulating the islet's microclimate: 

Short Distance Mirage

Since the conditions for a inferior mirage can be achieved on a small scale, I also consider 
how the building fabric can be designed to regulate the temperature across the islet at 
various levels. My subsequent investigations extend this initial proposal to incorporate 
design considerations for superior mirages. 

3.1 Toward a Mirage | Preliminary Study

Mirages on a Small Scale

Strait of Messina
700 km

Long Distance Mirage

The geomorphology of the Attica Region, a plain surrounded by mountain ranges and 
facing the sea, frequently causes the temperature inversion phenomena, particularly 
during the winter months. Additionally the site itself is ~700km east of the Strait of 
Messina, where the Fata Morgana earnt its name and has been historically sighted.

Theoretically Supported Predictions

Thermal Inversion and Turbulence in the Attica Region 
Anticipating and responding to favourable atmospheric conditions:

Atmospheric Inversion: Subsidence Inversions

Air warmed by compression

INVERSION BASE
Cool marine air

BASIN

There are three types of atmospheric inversion:
Radiational (surface), Subsidence (aloft) and Frontal (aloft). 
Radiational inversions occur at low levels, seldom above a few hundred feet and dissipate 
quickly. 
Frontal inversions usually occur at high altitude. 
Subsidence inversions may occur due to a flow aloft of cold air from an ocean over land 
surrounded by mountains. 
The latter, as diagrammed below,  may explain the instability of the atmospheric conditions 
within the Attica Region and quite likely around my chosen site.

Inferior Mirage 
An inferior mirage is a mirage of an object visible below that object. 
Usually the mirage is also mirrored upside-down. The mirage makes 
the horizon look lifted up and inverted downwards; sometimes the 
mirage is compressed (stooping) or extended (looming), other 
times the mirage is a perfect mirror image. 

An inferior mirage occurs when you have a dense layer of cold air 
sitting on and above your line of sight, with a layer of less dense 
warmer air below it. This happens frequently on hot summer days 
when the sun shines on a black asphalt road, and the hot ground 
heats the bottom centimetres of air (as shown in the photographs 
below). When rays of light coming down from the sky get close to 
the hot air near the ground, the light rays are bent (refracted) back 
up toward your eyes.  

Inferior images are not stable. Hot air rises, and cooler air (being 
more dense) descends, so the layers will mix, giving rise to 
turbulence. The image will be distorted accordingly. It may be 
vibrating; it may be vertically extended (towering) or horizontally 
extended (stooping). If there are several temperature layers, several 
mirages may mix, perhaps causing double images. In any case, 
mirages are usually not larger than about half a degree high (same 
apparent size as the sun and moon) and from objects only a few 
kilometres away.

Light rays coming from a particular distant object all travel 
through nearly the same air layers and all are bent over about the 
same amount. Therefore, rays coming from the top of the object 
will arrive lower than those from the bottom. The image usually is 
upside down, enhancing the illusion that the sky image seen in the 
distance is really a water or oil puddle acting as a mirror.

Actual line of sight 

Assumed line of sight 

Light ray path 

Thus, taking advantage of the site’s location and reported atmospheric trends, my proposal 
wishes to predict the occurrence of a superior mirage or a Fata Morgana.

"Fata Morgana are sometimes observed in the morning following a cold night. Especially in calm weather, 
the interface between warm and cold air near the surface of the ground or water may acts as a refracting 
lens, producing an inverted image over which the distance direct image appears to hover. The turbulence 
of the air may promote the appearance of elongations and so-called “dancing spikes”, which may cause 
distance objects to appear elongated and elevated like fairy tale castles." (Blom, 2010, p.189)
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If the vertical temperature 
gradient is +12.9°C per 100 
metres then horizontal light 
rays will follow the curvature 
of the Earth and the horizon 
will appear flat. 

If the gradient is less the rays 
are not bent enough which 
is the normal situation of a 
spherical, convex “horizon”.

The temperature increases 
slowly with height from 
the surface until it reaches 
a shallow air layer where 
the increase in temperature 
becomes quite rapid. This 
layer is then topped with 
another layer of slowly 
increasing temperature. This 
atmospheric temperature 
structure will magnify objects 
whose light rays pass through 
the middle layer. 

Temperature/°C

Temperature/°C

Temperature/°C

Superior Mirage

Fata Morgana

Inferior Mirage

Required Atmospheric Conditions  (General Description) 
Basic Parameters and Visual Illustration

Floating

Elongated

Inverted

Illustrative superimposed renderings of potential mirage effects. 

Apparent motion; visual study of inferior mirage.

3.1 Toward a Mirage | Preliminary Study

When the lapse rate is greater 
than 3.42°C/100m, the 
curvature of the light rays will 
be in a direction opposite to 
Earth's curvature. This leads 
to a mirage in which objects 
appear below their actual 
position. 

If the lapse rate is only 
moderately greater than  
3.42°C/100m, sinking may 
occur. In sinking, the objects 
may appear to be below the 
surface but in an upright 
position. When the lapse rate 
is substantially greater than 
3.42°C/100m (as in the desert 
during the day) an object may 
appear as an inverted image 
below the actual object. 

My research has looked to a large number of sources in an attempt to build a coherent 
understanding of mirages.

The graphs above demonstrate the atmospheric conditions required for three types of optical 
phenomena and piece together facts and figures from different sources. The drawings shown 
right begin to explore the visual effects of these mirages at my site. 
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3.2 The Role of the Building Fabric

Power Harvesting

External and Internal 
Heating & Cooling

Power Harvesting; 
External and Internal Heating & Cooling;
& Artificial Mirages

The building fabric will fulfil several functions including 
contributing to the generation of different types of mirages. My 
initial investigation considers how the possible varied functions 
and performance of the building fabric may achieve the desired 
atmospheric conditions (as identified earlier) across the islet.

Establishing Energy Needs
Taking account of the total programme space area (860m²) and 
the typical energy needs for an office building of this size, with the 
knowledge that the mean consumption of non-residential buildings 
across Europe is close to 295 kWh/m²/y, I establish that the energy 
required each day  across  the islet would be  ~695kWh.

Photovoltaic Panels 
An interesting discovery by researchers at the University of 
Maryland demonstrated that large-scale solar power plants are 
capable of raising local temperatures, creating a solar heat island 
effect which causes a temperature difference of 3-4°C. Further 
to this I have deduced that, during the day, the vast number of 
photovoltaic panels may perform as a solar power plant, generating 
enough heat to cause a heat island effect. 

Radiant Heating and Cooling Pipes
The heating and cooling pipes will carry cold or hot desalinated 
seawater through the building fabric to heat and cool the spaces 
throughout the year. The pipes will operate on a 4 pipe system 
which mean spaces can be cooled or heated simultaneously. This 
also permits the implementation of a heat recovery strategy. 

Material Finish Colour
The colour of the various material finishes will affect the percentage 
of sunlight absorbed or reflected by each tile and in turn, the local 
air temperature. As such the composition considers the different 
variations and their possible effects. 

Controlling temperature with passive design:
Passive Cooling
The building fabric minimises solar gain internally and externally 
by acting as a solar shade (whilst in some cases permitting the 
access of winter sun).
 
The careful positioning of openings on opposite sides and open 
floor plans facilitates natural cross ventilation.

A sprinkler system and vegetation are also used to keep exteriors 
cool. 

Passive heating
Internally space heat loss is reduced during colder months through 
high performance aerogel insulation and minimal south-facing 
glazing. Concrete walls and ceilings also act as thermal mass, 
storing heat during the day and releasing it at night.

Mechanical Means

Natural Means
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48

33

175

88

108

Total floor area: 860m ²

Total fabric area: 5193m ²
Scattered Site Plan

Programme Spaces Floor Plans

Photovoltaic Specification
The standard solar panel has an input rate of around 1000 Watts per 
square meter and an efficiency between 15-20% at best. 

Athens' average daylight hours (plotted above) range from a 
minimum of 10 hours in November through to January, to a 
maximum of 15 hours in June. Taking an average of 12 hours of 
daylight per day, the total area of PV panels required (in square 
metres), assuming an output of 150W per hour per square metre, to 
achieve a total energy output of 695kWh each day would be:

1m²/ day ---> 1800W 
∴ 386m² is required to produce 695kWh each day. 

This equates to merely 7.4% of the total building fabric. 

Given the size of the building fabric and established material 
finishes and ratios,  the area covered will be much greater than the 
minimum requirement. As such the efficiency of the solar panel 
units is not an important factor; in fact PV panels that generate 
heat will be more desirable. A combination of flat and curved 
polycrystalline and monocrystalline panels will be used, the latter 
of which are typically more efficient. 
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A   Toward Superior Mirage 

B   Toward Fata Morgana

C   Toward Inferior Mirage

      Dark panels concentrated near the top and lighter coloured panels toward         
      the bottom

      Dark panels concentrated in a ribbon at the centre. 

      Light coloured panels concentrated near the top and darker panels toward  
      the bottom.

3.2 The Role of the Building Fabric

White surfaces reflect 
most sunlight which 

passes back through the 
atmosphere into space. Black 
surfaces absorb most sunlight 

and re-radiate as much 
longer wavelengths which 

are absorbed by the 
atmosphere.
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WINTER | Long Distance Mirage

SUMMER | Short Distance Mirage

Initial Hypotheses | Islet Microclimates

Piraeus wind rose.

The effects of a short distance inferior mirage are mostly likely to be 
achieved during the summer months. 

When a layer of warm air lies close to the ground surface, the 
building will seek to cool the programme spaces above, both 
internally and externally, and through passive and mechanical 
means (natural ventilation, a sprinkler system, vegetation and 
radiant cooling pipes). 

The effects of a superior mirage are mostly likely to be achieved 
during the winter months.

Through constructing a section of the landscape, I began to layer 
the facts, figures and theories in relation to the conditions required 
for a superior mirage and/or Fata Morgana onto my proposed 
landscape.  

3.2 The Role of the Building Fabric

Openable skylight/ clerestory window

Natural ventilation air flow path

Key

Providing stack ventilation

Providing single sided/cross ventilation

External sprinkler

Vegetation

1
0
0
m

HEAT ISLAND EFFECT

1
6
m

Typical depth of inversion layer

8km
Distance to horizon from observation height 5m above sea level 

+4m

+20m

+2m

+4°C

To see a Fata Morgana an 
observer must be 2-4m above 
sea level. 

International standard lapse 
rate = 0.65 °C / 100m

Level 00 Level X

Level 01
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3.3 Toward a Mirage | Detailed Study

Further Research and Testing

Atmospheric refraction is the deviation of light or other 
electromagnetic wave from a straight line as it passes through 
the atmosphere due to the variation in air density as a function of 
height. This refraction is due to the velocity of light through air 
decreasing with increased density. Atmospheric refraction near the 
ground produces mirages. 

Terrestrial refraction usually causes terrestrial objects to appear 
higher than they actually are, although in the afternoon when the 
air near the ground is heated, the rays can curve upward making 
objects appear lower than they actually are.

The amount of atmospheric refraction is a function of the 
temperature gradient, temperature, pressure, and humidity.

Atmospheric refraction becomes more severe when temperature 
gradients are strong, and refraction is not uniform when the 
atmosphere is heterogeneous, as when turbulence occurs in the air.

Since the line of sight in terrestrial refraction passes near the 
earth's surface, the magnitude of refraction depends chiefly on 
the temperature gradient near the ground, which varies widely at 
different times of day, seasons of the year, the nature of the terrain, 
the state of the weather, and other factors.

As a common approximation, terrestrial refraction is considered as 
a constant bending of the ray of light or line of sight, in which the 
ray can be considered as describing a circular path. 

A common measure of refraction is the coefficient of refraction 
The coefficient of refraction is directly related to the local vertical 
temperature gradient and the atmospheric temperature and 
pressure. The larger version of the coefficient k, measuring the ratio 
of the radius of the Earth to the radius of the line of sight, is given by

Atmospheric Refraction: Terrestrial Refraction 

where temperature T is given in kelvins, pressure P in millibars, 
and height h in meters. The angle of refraction increases with the 
coefficient of refraction and with the length of the line of sight.

where 1/σ is the curvature of the ray in arcsec per meter, P is the 
pressure in millibars, T is the temperature in kelvins, and β is the 
angle of the ray to the horizontal. Multiplying half the curvature 
by the length of the ray path gives the angle of refraction at the 
observer. For a line of sight near the horizon cos β differs little from 
unity (i.e. the number one) and can be ignored. This yields,

where L is the length of the line of sight in meters and Ω is the 
refraction at the observer measured in arc seconds.
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The Standard Atmosphere
Below is the temperature profile for the Standard Atmosphere. 

Refractivity Profiles and Temperature Profiles 
To calculate the path of a ray of light in the atmosphere, we must 
know the refractive index of the air at every height. 

The refractivity of air is very nearly proportional to its density, 
which the perfect-gas law says is proportional to the pressure, P, 
and inversely proportional to the (absolute) temperature, T.

Therefore, the refractivity profile is determined by the temperature 
profile. 

Lapse Rate
Lapse rate is the rate of change in temperature observed while 
moving upward through the Earth’s atmosphere. The lapse rate is 
considered positive when the temperature decreases with elevation, 
zero when the temperature is constant with elevation, and negative 
when the temperature increases with elevation (temperature 
inversion). The normal lapse rate averages about 6.5°C per 
kilometre in the lower atmosphere (troposphere). 

A constant lapse rate (i.e., a linear temperature profile) produces 
a constant angular displacement for all parts of a vertical target. A 
parabolic temperature profile produces a constant magnification of 
that target. (This can be enough to produce the inverted image of 
a mirage.) A more complicated temperature profile produces more 
complicated distortions.

Troposphere

Stratosphere

Mesosphere

Thermosphere

The curvature of the refracted ray in arc seconds per meter can be 
computed using the relationship

Atmospheric Temperature Profiles 
and Precipitation Types

This insight led me to a discovery of temperature 
profiles for more specific weather conditions. 

As identified earlier, Athens experiences frequent 
temperature inversions, mostly at night and during 
the winter season.

The vertical distribution of temperature will often 
determine the type of precipitation (rain vs. snow vs. 
sleet vs. freezing rain) that occurs at the surface. More 
often than not, the temperature does not decrease 
with height but increases, many times by several 
degrees, before decreasing causing a temperature 
inversion. In winter, an inversion can be critical in 
determining the type or types of weather.

Sleet and freezing rain only occur in temperature 
inversions.  However snow and ordinary rain can also 
occur with or without an inversion. 

Below I have shown some hypothetical inverted 
temperature profiles and the associated forms of 
precipitation:
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Temperature profile on a clear, calm midday
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Temperature profile when an inversion 
develops before sunset.

3.3 Toward a Mirage | Detailed Study

(a.)

(b.)

(c.)
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3.3 Toward a Mirage | Detailed Study

Further Research and Testing (cont.) Calculating Apparent Altitude

Calculating Apparent Altitude of Distant Objects

HARD NUMBERS
This extended study led me to my first attempt at extracting precise 
measurements which consider the specifics of my site. 
Using the calculator on the webpage shown below, which takes the 
formula labelled (b.) to calculate the apparent altitude of a distant 
object, I carried out a series of test calculations which sought to 
identify the apparent altitude of the top of my structure from 
various viewpoints and under varying atmospheric conditions. 

Rule of Thumb 
A simple approximation is to consider that a mountain's apparent 
altitude at your eye (in degrees) will exceed its true altitude by 
its distance in kilometres divided by 1500. This assumes a fairly 
horizontal line of sight and ordinary air density. If the mountain 
is very high (so much of the sight line is in thinner air) one may 
divide by 1600 instead.

At Sunrise/ Sunset/ Night

Constant Parameters

Varying Parameters

Observing:

AIR PRESSURE Standard atmospheric pressure of 1013.25 mbar

Average temperature of 19°C

Height to the top of my structure (m above sea level)

I.e. Height of observer's eye above sea level in metres. 

I.e. Distance between observer and building structure 
in km.

Measured in degrees. 

Changes depending on various conditions.  
Several models have been tested as detailed below:

TEMPERATURE  

DISTANT HEIGHT

NEAR HEIGHT

DISTANCE (X)

APPARENT 
ALTITUDE

REFRACTION 
CONSTANT(K)

Recalling sightlines investigated earlier:

Noon at Equinox 

Standard Atmosphere 

Customised Model

At Veakio Theatre (Top of Kastella Hill)
+71 m above sea level

+2 m above sea level

+7m above sea level

On the beach

On board a ship in the Saronic Gulf

Investigating the apparent altitude of my artificial islet under 
different environmental conditions. 

R©

R©

Test 1
12 p.m. 6 January 2019
Sun's altitude: 29.15°
Clear Sky
Wind speed at 10[m]: 8mph

Test 2
At Night
Clear Sky
Wind speed at 10[m]: 2.2mph

Athens average temperature chart. 

Environmental Models Tested

Results (Apparent Altitude)

Travelling Observer (1.8m tall)

A

B

C

K = 10.64

x = 0.084

x = 0.72

x = 0.21

K = 4.91

K = 7.5

K = 4.93

K = 30.92

A

3.02

3.02

3.02

3.02

3.02

21.4

21.4

21.4

21.4

21.4

6.96

6.96

6.96

6.96

6.96

B C

Terrestrial Refraction: Apparent Altitude
Terrestrial refraction changes the apparent altitude of a terrestrial 
body.

Furthermore...
Although the straight line from your eye to a distant mountain 
might be blocked by a closer hill, the ray may curve enough to make 
the distant peak visible. 
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Visions and calculations for extreme conditions.

"Moments of Mirage"

Commentary
The results of my calculations have produced unexpected 
results as the apparent altitude seems to be inversely 
proportional to the distance from the observer's eye which 
should not be the case. I believe this miscalculation may 
be due to the fact that I am dealing with relatively small 
distances for which the formula/calculator may not be 
appropriate. 

My first customised model (Test 1) used a specific date 
and historical weather data to determine a new value 
for K. This result did not yield a situation with abnormal 
conditions. My second model (Test 2) tested the limits of 
the calculator in an attempt to yield the highest K value 
and so the greatest lapse rate. Due to the limitations of the 
script, this was only achieved by setting the parameters to 
a scenario at night. 

KEY MAP

A

B C

Altitude at observer's eye 

Apparent altitude 

3.3 Toward a Mirage | Detailed Study

16°

Calculating Apparent Altitude (cont.)

So far I have documented the research processes that have enabled 
me to develop a stronger understanding of optical phenomena.

These discoveries led to my final study which concludes my initial 
aims by proposing three extreme circumstances of optical illusion 
at my site. 

Vision
The first scenario explores the possibility of invisibility. My test 
studies are shown overleaf. 

The ultimate proposal relies on the acute bending of light at the top 
of the structure. This requires a large change in temperature over a 
small distance.

The Science of Cloaking 
To become invisible, an object must do two things: it has to be able 
to bend light around itself, so that it casts no shadow, and it must 
produce no reflection. 

Metamaterials
Metamaterials are engineered materials whose properties are 
determined by their physical structure rather than their chemistry, 
such properties include the ability to bend light. Sir John Pendry 
(a theoretical physicist at Imperial College London known for his 
research into refractive indices and creation of the first practical 
"Invisibility Cloak") calculated what would be required of a 
metamaterial that would accomplish exactly this. The cloaking 
effect depends on a material’s “refractive index,” or its ability to 
influence the direction of light that passes through it. 

1.   An Invisible Cloak?

37

Application
Although my proposal deals with a very different scenario to the 
experiment referenced above, it enables me to make the following 
assumption:
The dark panels and photovoltaics installed toward the top of the 
building fabric will be able to influence the direction of light that 
passes through, whilst reflecting little light. By heating the layers 
of air near their surface, which changes its refractive index, the 
building fabric may behave as if set within a metamaterial. 

The heating effect may be achieved with the concentration of 
photovoltaics and darker panels at the top of the artificial islet  (that 
are capable of absorbing and emitting heat) as well as through the  
radiant heating pipes. 

The visual effects of this are subtle and are illustrated in the drawing 
shown right.  

Diagram  above demonstrates 
how a metamaterial (blue) 
can guide light around a hole 
within it.



Calculations for Specific Moments

1.   An Invisible Cloak?

3.3 Toward a Mirage | Detailed Study

66°
16°

Recalling formulas (b.) and (c.) 
I decided to employ the formulas introduced earlier myself, 
attempting to substitute values with data from my  own model. 
As a starting point I test the formulas using values for a standard 
atmosphere where:

(b.)

"Moments of Mirage" (cont.)

Curvature?
Formula (b.) supposedly gives the curvature of the ray in arc 
seconds per metre. I have interpreted this as the angle that the ray 
subtends from the centre of the arc (as labelled θ in the diagrams 
shown left) divided by the length of its chord in metres. 

However, the geometrical way of calculating the curvature of a 
circle is to take the reciprocal of the radius.

Achieving Invisibility: A Different Approach
I pause my calculations to explore research studies investigating 
"Invisibility Cloaks". This prompts a reinterpretation of the scenario 
I set up initially. Instead of proposing the bending of a reflected light 
ray directly from the structure, I consider how a light ray travelling 
between two points may bend around the islet. This imagines a 
point of observation and a target (e.g. from the mainland toward 
the sea) that traverse the site. The conditions should be such that 
the path of a light ray travelling from one source to the other is bent 
around the top of the islet's structure, which one may suggest effects 
a level of "invisibility".

For Test C I test an even greater distance with a ray that bends 
uniformly. Test D attempts to reproduce the cloaking experiments 
with a ray that bends acutely only around the structure. 

P = 1013.25 mbar
T = 293 (20°C)
Lapse Rate i.e. dT/dh = 6.5/1000 = 0.0065
L = 1000m

β= 15°
(The value of β is not very important; I choose to use a value of 15°  as this 
is the optimal eye rotation upward/downwards)

Ω

= 16.3*(1013.25/293^2)*(0.0342 + 0.0065) cos15
= 16.3*0.0118*(0.0407) cos15
= 16.3*0.0118*(0.0407) cos15
= 0.19234*(0.0407) cos15=0.00756 arc seconds/m

= 8.15*((1000*1013.25)/293^2)*(0.0342 + 0.0065)
= 8.15*11.8*(0.0407) = 96.2*0.0407
= 3.92 arc seconds ≈ 0°

This gives an angle of refraction at the observer of approximately 0° which 
would suggest the formula is used correctly as usual conditions should not 
lead to any significant refraction. 

I would assume that this would be a reasonable approach given that, 
as a common approximation, terrestrial refraction is considered 
as a constant bending of the ray of light, in which the ray can be 
considered as describing a circular path.  

However when tested with my data, each method outputs a vastly 
different value. Taking the coefficient of the radius for test B gives a 
curvature of 1/1111=0.00090009

(c.)

Attempting to attain hard values for the required lapse rate 
and local temperatures required for achieving the proposed 
"moments"  at specific viewing positions. 

I next attempt to work backwards. Constructing the arc of a 
desirable ray path,  which extends from one point on the building 
fabric over another and toward an observer situated on the beach, 
I am able to extract values for what I believe 1/ σ and  Ω should be 
and therefore calculate the lapse rate and local temperature my islet 
would need to achieve.  My results are discussed left. 

A

B

C

D

+2 m above sea level
On the beach

At Veakio Theatre 
(Top of Kastella Hill)

Between ship in the Saronic Gulf and
Yacht Club of Greece

Between ship in the Saronic Gulf and Kastella Hill

+71 m above sea level

+7 m above sea level

+30 m above sea level

Desired light ray path
(very strong curvature) 

Angle of refraction at 
the observer (66°)

Angle subtended by 
arc xy (101°)

Centre of arc

Chord length 100m

The scenario tested above yields values of 3636 and 237600 for 1/ σ and  Ω 
respectively. Whilst on the one hand, the abnormally large values should be 
somewhat expected given the extreme curvature of the proposed ray path, it 
presents difficulties achieving this architecturally. 

Nevertheless I am able to establish the relationship between the variables to 
refine my initial test: In order to increase the refraction of the light ray I will 
need to significantly  increase the lapse rate  i.e. propose a great temperature 
gradient over a short vertical distance as well as increase the viewing distance.  

I also ascertain that the value of the atmospheric pressure is unimportant; 
one has to travel as high as Mount Everest for a pressure drop to 337 mbar 
which still does not yield a greatly different result.

Ω

Ω L

x

y

Distance between observer 
and target (L = 733m)Chord length (735m)

Angle of refraction at 
the observer (16°)

Angle subtended by 
arc (39°)

Distance between observer 
and target = Distance to 
horizon (L=9400m)

Angle subtended by arc (12°)

Angle of refraction at the 
observer (6°) Chord length (9592m)

Radius = 44km

A

B I repeat this investigation, changing the position of the observer 
and the ray path as shown in the second diagram. 

Despite increasing the distance by a factor of 7, the second test B 
still gives very high values:  
1/ σ = 57600 arc second/m   and   Ω = 57600 arc seconds

D

D

C

C D

θ

θ

Radius (1111m)
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1.   Floating Ice Castles?

3.   Hypnotising Topography?

Fata Morgana on a Snow Day
As discussed previously, the ideal conditions for a Fata Morgana 
would mostly likely occur during wintertime, especially during 
rainfall or snowfall. As well as providing the ideal atmospheric 
conditions, the precipitation itself would also contribute to further 
enhance and distort the overall visual effects and virtual image(s). 

Building on this knowledge, and in anticipation of a temperature 
inversion, my scenario imagines a Fata Morgana on a Snow Day, 
as illustrated right. 

I also return to the formula (c.) one last time to find the value of Ω  
(the angle of refraction) at an observer at a distance of 1km. I test 
two scenarios under the following conditions:

P = 1013.25 mbar
T = 273K (0°C)
Lapse Rate i.e. dT/dh = 1 (Scenario A)
        dT/dh = 2 (Scenario B)
L = 1000m

Vision: Multiple Inferior Mirages
This scenario investigates, on a more intimate scale, the 
simultaneous occurrence of cold air resting above warm air at both 
Level 00 and Level 01. A more detailed study may be able to define 
the minimum dimensions required to achieve this throughout all 
seasons. For now I make the following conclusions: 

Application
Whilst the summer sun heats up the ground at Level 00 and Level 
01, the integrated radiant cooling pipes within the building fabric 
will cool the upper layers of air. The effect should be great enough 
to allow a cool layer of air to form and sit on top of the warm air 
at eye level. The drawing shown left illustrates such a mirage at the 
Level 00 walkway.

Dealing with the instability of inferior mirages 
The warm air will want to rise above the layer of cold air. However 
warm air will also stop rising when it has cooled to the same 
temperature as the surrounding air. Therefore I propose that the 
areas of the building fabric situated between both levels must 
achieve just the right air temperature to stop the two layers mixing. 
The diagram below demonstrates this arrangement. 

"Moments of Mirage" (cont.)
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Ω

Ω

= 8.15*((1000*1013.25)/273^2)*(0.0342 + 1)

= 8.15*((1000*1013.25)/273^2)*(0.0342 + 1)

= 114.5 arc seconds = 0.03°

= 225.1 arc seconds  = 0.06°

Scenario A

Scenario B

Since I calculated the standard value of Ω to be 3.92 arc seconds, 
I believe the above tests yield much more promising values with a 
fairly significant distortion of refraction over 1km. 

These are based on a lapse rate of 1°C/m and 2°C/m for Scenario 
A and B respectively (standard lapse rate is 0.0065°C/m). As 
diagrammed below, assuming the temperature at the ground is 0°C, 
the building fabric, which reaches ~30m above sea level, would 
need to achieve the following temperature gradients to permit at 
least the refraction values suggested above.  This relies on a constant 
temperature gradient over the whole distance which, for Scenario 
A  at least, may be a possibility due to the weather conditions in the 
region, pollution and climate change. 

Te
m

pe
ra

tu
re

/°
C

Te
m

pe
ra

tu
re

/°
C

Scenario A Scenario B

30

20

10

60

40

20

0 0

Level 01

Level 00 

Eye level

Critical layer

Air warmed by Sun

Air cooled by fabric 



3.5 Water Strategy 

Seawater extracted and 
pumped to desalination 
plant where it is treated 
and stored. 

Depending on demand, 
water is fed through 
a chiller/boiler and 
distributed via 
underground pipes to 
the programme spaces. 

Wastewater is returned 
to the plant for 
treatment. 

Grey water is stored in 
a tank and distributed 
for WC flushing. 

Excess wastewater is 
discharged back into 
the sea.

Water Supply, Treatment and Distribution 

Heating and Cooling
A hydronic system installed within 
the building's principal building fabric 
will take advantage of the water supply to 
provide both heating and cooling.

A 4-pipe system configuration has been 
specified as this gives the building the ability 
to circulate both hot water and chilled water 
during intermediate seasons. 

CHILLER

BOILER

Water Cylinder

External water tap

Underground hot/
cold/grey water route 
(supply) & wastewater 
route (return)

Discharged treated 
wastewater route 

Programme Space

Plant Room 
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Deceptive Delivery

The collaborative aspect of the proposed 
programme i.e. one managed between Greece 
and the EU becomes a key consideration 
for the suggested delivery of the project 
which will also mark the beginning of this 
collaboration.  

The proposed design which seeks to inhabit 
an islet and incorporate various bespoke 
and complex building elements and details, 
presents an extremely high budget project. 

Considering then both these factors in 
conjunction with the philosophy of the 
project, this section will attempt to narrate 
how, through cunning and deceptive 
strategies, the architect may be able to 
facilitate the honest realisation of the 
building project.

4.



Diagram illustrating the different potential stakeholders 
involved on the project.

Following concerns raised continuously 
at  EU summits and a recent review of EU-
China relations, the European Commission 
calls on Greece to discuss long-term plans. 

On finally acknowledging the increasing 
problem of customs fraud at the Port of 
Piraeus  and under increasing pressure from 
the EU, Greece agrees to hold an informal 
meeting to discuss potential measures. 

The meeting is held in Greece where the 
attendees are said to be visiting for "leisure 
purposes".

Italy and the UK are not invited.

Conclusions and Strategic Brief
Greece and the EU reach an agreement that a 
bureau will be established close to the Port of 
Piraeus, operating as an extension to OLAF 
and supporting the Greek authorities in the 
clamp down on cases of fraud at the port. 

The project is to be carried out with 
maximum secrecy.  This criteria is to be 
evinced applied to all aspects of the design. 

Ahead of the EU summit on 21st March, 
the European Commission release a report 
branding China a “systemic rival” and call on 
Beijing to stop treating European companies 
unfairly. 

Meanwhile, Italy becomes the first member 
of the G7 group of big industrialised 
countries to officially endorse Beijing’s Belt 
and Road Initiative.

March 
2019

January 
2019

Greece faces €200M fine for failing to stop 
Chinese fraud network.

OLAF's 2016 report identifies cases of fraud 
at the Port of Piraeus.

Since its privatization in 2009, the 
Port of Piraeus develops rapidly.

The world's worst financial crisis in almost 
80 years causes a global recession.  

The Greek government-debt crisis begins in 
late 2009.

In October 2009, Greece leases 2 docks at the 
Port of Piraeus to the China Ocean Shipping 
Company (COSCO) for a 35-year-period.

The Eurozone bailout programme begins, 
ending in 2018. 

4.1 Proxy Resistance

4.1 Proxy Resistance

Timeline of Events

2008

2009

2010

2016

Stakeholders on the Hellenic Stage 

European Commission National Government

Regional Government

Project Manager 

Contractor

Engineers & Consultants

Local Architect

EU Agencies

EU institutions and bodies

A European Border and Coast Guard Agency (Frontex)

B European Maritime Safety Agency (EMSA)????

A European External Action Service (EEAS)

B European Investment Bank (EIB)

C European Economic and Social Committee (EESC)

D European Committee of the Regions (CoR)

A B

A B

C D

MAIN COLLABORATOR OLAF Spokesperson from each of the following 
departments:

THE ARCHITECT

THE CLIENTSRepresentatives from EU Bodies Greek Representatives

The Design Team 

Ministry of Interior
Ministry of Economy and Development

Ministry of Foreign Affairs
Ministry of Finance

Ministry of Environment and Energy
Ministry of Maritime and Insular Policy

Ministry of State

Mayor of Piraeus: Yannis Moralis
Piraeus Head of Planning

Local MP(s)

Role: To mediate, influence and 
persuade. 

European Anti Fraud Office

Mapping the Greek-EU Offensive

Stage 0 Strategic Definition

There are multiple reports which 
follow  regarding customs fraud at 
Port of Piraeus. 
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4.2 Deceptive Delivery

4.2 Deceptive Delivery

Networks of Deception 

Entrepreneurialism

Stage 1 Preparation and Brief

MAIN CONTRACTOR

EU

Measures for: 
Securing Funding
Maintaining Secrecy
Implementing Hidden Agendas 

The architect identifies the project as an 
opportunity to push their personal agenda 
and test new design methods .

In an attempt to achieve their vision 
and in pursuit of their own professional 
development, the architect may need to 
obscure/skew the clients' requirements 
when communicating with the rest of the 
design team where it might hinder their own 
agenda. 

Appeasing Greece and Persuading the EU
The architect will need to successfully 
persuade the different stakeholders with 
regard to the relevance and significance of 
the design, demonstrating how it meets the 
brief requirements. 

Greece will be prudent not to disclose 
too much of its operations during this 
collaboration.

Greece will take advantage of its fragile 
position to maximise the support provided 
by the EU.

To meet the unpredictable and high costs of 
the project, the clients will need to identify 
and attain as many sources of funding as 
possible.

Under the guise of "conservation", 
"sustainability" and "research", the assigned 
team will strive to secure various funding 
streams.

In a bid to maximise profit the contractor 
will source the most expensive materials.

Greece and the EU will continue to mend 
and enhance relations with China, publicly 
celebrating the positive opportunities 
presented by China's investment in 
European assets.

No details of the projects will be publicised 
or made available to the public. 

The scheme will be disguised as a privately 
funded project of experimental landscape 
art.

Whilst the contractor will have limited 
knowledge of the project, they will be 
warned against the negligent sharing/
distributing of drawings with relevant 
suppliers/subcontractors. As such the 
manufacturers will not know for what or 
where their products are headed.

Funders

THE ARCHITECT

EU CITIZENS

SUPPLIERS 
AND 

SUBCONTRACTORS

ENGINEERS 
AND CONSULTANTS

PROJECT 
MANAGER

RESEARCH

CONSERVATION

SUSTAINABILITY

Clients

Design 
Team

Public 

The design tools developed and applied  to 
this project have taken inspiration from 
cryptographic concepts, including the  
encryption of data. This theme is further 
explored through the narrated delivery of the 
project. 

Information Exchanges

The method of information exchanges  
employed  is of particular importance given 
the requisite of secrecy.

The level of control surrounding the project 
will be such that each group will be given 
access only to the absolute minimum 
information required to complete their tasks. 
Details of the project and programme spaces 
will not be shared.

Secure channels will be used for the 
transferring of files. 

Project Timeline
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Public Contracts in the EU | EU Procurement Process
The EU law on procurement requires public bodies to open up 
higher-value contract opportunities to bids across the European 
Union. It also requires them to run a fair and transparent 
competition to select the winning bid.

Types of Public Procurement Procedures in the EU
Four procurement procedures are commonly used to award 
contracts in the tendering process as summarised below:

Open Procedure
Any business may tender in response to the advertised contract.

Restricted Procedure 
Only selected bidders are invited to submit a full tender.

Competitive Dialogue
The public authority invites at least 3 candidates to a dialogue in 
which the final technical, legal and economic aspects are defined 
and after which candidates submit their final tenders.

Negotiated Procedure 
The public authority invites at least 3 businesses with whom it will 
negotiate the terms of the contract. 

A traditional procurement route will be adopted as this permits the 
client to maintain close control of the project and design.

Estimating Project Costs and Determining Threshold 

Entrance Space: Core Material Costs

Procurement of Services

Stage 2 → 4 Concept, Developed, Technical Design 

SURFACE FINISH PANELS

PREFABRICATED GLASS WALLS AND FLOORS

CONCRETE FABRIC AND WALLS

Total Number = 555

278 Panels

138 Panels

139 Panels

206 m2

103 m2

103 m2

Total Area = 412 m2

Glass Walls Total Area = 341 m2

Glass Floors Total Area = 248m2

Total Area = 589 m2

Ceramic Tiles

Recycled Plastic Tiles

Bespoke Photovoltaic Panels

€400 / 1m2

€350 / 1m2

€6000 / 1m2

€100 / 1m3

€3000 / 1m2

Total cost = €82 400

Total cost = €36 050

Total cost = €309 000

Total cost = €8200

Total cost = €3 534 000

Total Core Material Costs = €3 969 650

4.2 Deceptive Delivery

EU Procurement Thresholds
The rules for public contract apply to tenders above a certain 
monetary value. For lower-value tenders, national rules apply.

Maintaining Secrecy and Control

< 144K Exempt from rules.

Supply and services contracts and design 
contests.

All works contracts. 

144 - 5548K

> 5 548 000

Appointment of the Main Contractor 

Most Appropriate Route: Negotiated Procedure
Given the nature of the procedure and the possible perceived 
breaches of fairness, transparency and competition amongst 
suppliers, the Negotiated Procedure is considered to be only 
applicable in very limited circumstances. However the contracting 
authorities in sectors such as water, energy, transport or postal 
services may use it as a standard procedure.

There are two types of negotiated procedure: those that involve a 
call for competition and those that do not.

To avoid advertising the project, a Negotiated Procedure without 
a call for competition may be adopted for the appointment of the 
Design Team. The justification provided may present the project as 
classified information (which rules out the option of public calls) and 
one seeking to protect the EU's security, sovereignty and financial 
interests. 

Cost Plus Contract
A cost-plus contract is a contract where a contractor is paid for 
all of its allowed expenses, plus additional payment to allow for a 
profit. The sum is arrived at on the basis of prime costs of labour, 
plant and materials, to which there is added an amount to cover 
overheads and profit. 

The work proceeds on the basis of a brief specification, drawings 
(if any) and an estimate of its cost. It is appropriate for projects 
requiring an early start on site, where the works are designed by 
or on behalf of the client but where it is not possible to prepare full 
design information before the works commence.

This is a high risk contract for the client in terms of cost, and much 
depends on the efficiency of the contractor in carrying out the 
works economically. 

The contractor will be employed on a cost plus contract  for a number 
of reasons. The complexity of the project presents risks which may 
otherwise deter the most desirable contractor. More importantly 
however, although this is an expensive option for the client, the higher 
level of control that can be maintained presents a decisive priority in 
this case. 

For Central Government Authorities:

Fabric Total Volume = 41 m3

Walls Total Volume = 26 m3

Columns Total Volume = 15 m3

Total Volume = 82 m3
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The breakdown of core materials costs demonstrates that the total 
building cost will be well above the minimum threshold for public 
procurement. 

Therefore a method employed by the client to avoid complying to 
EU legislation will be to partition and execute the project under 
various false names, authorities and purposes including posing as 
contracting authorities that are exempt from the rules.

Where the budget may still exceed the threshold the clients will 
undertake a Negotiated Procedure with identified contractors.  



Material Sourcing and Transportation

Material Deliveries 

Discreet Construction 

Stage 5 Construction

Further to request by the client, in the interests of both enhanced 
EU cooperation as well as to obscure details of the project, 
the contractor will look to diversify the range of suppliers and 
subcontractors employed as much as possible and across a variety 
of EU member states. 

The prefabricated building elements and materials will then arrive 
to site from different locations and by different means.

Deliveries by Land
Materials will be delivered to a specific site or venue within the Attica Region 
where they will be picked up by a car or van and dropped off at either of the 
two small harbours just north of the site. From here they are delivered to the 
site by boat. 

For Large Deliveries 
The roads in Kastella, especially those leading toward the small harbours are 
often narrow and pass quiet neighbourhoods.  Therefore, large deliveries will 
be unloaded into several smaller vans. 

Deliveries by Sea
Nighttime deliveries
When it is dark, a ferry carrying construction materials may be instructed to 
take a detour and deliver them directly to the site. 

Daytime Deliveries
During the daytime deliveries via ferry will arrive at the Port of Piraeus where 
they will be picked up and brought to the site via boat. 

Predominantly Commercial Buildings

Predominantly Industrial Buildings

Civic/Cultural Buildings and Public Space

Predominantly Residential Buildings

4.2 Deceptive Delivery

The construction materials and products will be sourced from 
different manufacturers across the EU in the interests of promoting 
EU unity. 

Several potential manufactures have been identified (some of 
which inspired aspects of the design process) that specialise in the 
fabrication of the main building materials specified. 

The contractor will be encouraged to source high quality materials 
This is an important factor for demonstrating the compliance of 
the project with EU sustainability targets and thus securing funding 
and support for the project. 

Transportation to site

Site Vicinity Map
A study of the site's immediate 
context suggests it faces  a close-knit 
neighbourhood. As such the construction 
processes  identified consider the discreet 
navigation and movement of materials and 
labour through and around this intimate 
context. 

Prefabricated Plywood Formwork 
from the UK

Recycled Plastic Tiles
from the Netherlands

Shahar Livine
Precious Plastic

Textile reinforced concrete
from Germany
solidian: A leading specialist in and supplier of textile 
reinforcements and textile-reinforced concrete construction.

Bespoke Photovoltaic Panels
from Lithuania
Metsolar: Custom solar panel manufacturers.

Prefabricated Glass Floor Slab, Beams and Walls
from Austria
Eckelt: Supplies glass elements for the most demanding 
international architecture projects. Examples include the New 
Acropolis Museum in Athens, the BMW Museum in Germany, the 
Prada shop in Tokyo and the Ticket Office in Times Square in New 
York (one of the world's largest accessible glass constructions). 

Handmade Ceramic Tiles 
from Italy
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Although the schedule shown below has been prepared for the 
simultaneous construction of the all the programme spaces, the 
clients may choose to phase the construction process, completing 
only the necessary elements first (i,e, the entrance, service and 
circulation spaces and power plant).

Labour and Time
The design considers the importance of a discreet construction 
process to attract as little attention as possible. For this reason, the 
identified construction methods minimise the amount of materials, 
labour and onsite construction required. 

As the bureau is to be established as a long term base,  the 
completion of the project is not under a tight time constraint; the 
quality of the design and the privacy of the operations are more 
important. 

That being the case, onsite activities will be kept to a minimum. The 
timeline presented below does not consider the parallel activity of 
onsite construction works so that at any one time only a minimum 
group of builders are operating on one part of the site.

Project Timeline

R
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2019

2022

2020

2023

2021

2024
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Please turn over. 



Degrees of Visibility

Stage 6 → 7 Handover and Close Out, In Use

4.3 Covert Occupancy 

4.3 Covert Occupancy 

The Visibility Paradox 
Despite the islet's seemingly exposed position, which is overlooked 
from all angles, the building fabric serves to restrict the views in 
and disguise the activities taking place.

Key

View in

Restricted view in

Hidden from view

Active 24 hours

High evening activity

Most active during the daytime

Sporadic levels of activity 
throughout the year

Mainland Piraeus

Site

Saronic Gulf

The organisation of the programme spaces within the building 
fabric corresponds to the desired degree of visibility that they offer 
to potential observers. The users should be aware of this capacity 
in order to use the spaces appropriately and maintain the intended 
levels of privacy and ambiguity. 

The Entrance Space is the most visible programme element. There 
is a line of sight toward the space from a position north of the site 
and past the dock and stepped access. Views from the east are also 
permitted as the envelope curls up to reveal the activity on the 
lower floor. 

The Coast Guard Office is only visible south of the site where it is 
unlikely anyone would approach close enough to view inside. The 
eye height of potential observers in ships would also exceed the 
height of the space.

The Conference/Meeting/Training Space requires maximum 
privacy as it is to be used for important events mostly likely taking 
place during the daytime; it is therefore situated as if in a basement 
and completely concealed from view.

The Level 00 walkway is exposed in parts and hidden in others. 
In this way, a mysterious level of activity is revealed to potential 
observers. The Lift and Stair Core however are completely hidden 
from view. This, in addition to the ambiguity, presented by the 
walkway conceals the site's circulation routes. 

The Director's Studio is only frequented for short periods 
throughout the year. Views towards the space are restricted but 
made available from certain points. The walkway on this level is 
mostly obscured, revealing itself only at two specific points. The 
relative exposure of this space compared to the others suggests 
to outsiders that the islet and its spaces are privately owned and 
occupied. 

Whilst the main programme spaces contained within the assembly 
of the fragmented forms at the top of the islet are mostly hidden 
from view, at certain angles and times of the day, the office teams 
may reveal  their presence. At night, the AD/CVD space may be the 
only office still operating. Consequently, the light it emits  will draw 
attention to the space in the evening. 

Key Map
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Stage 6 → 7 Handover and Close Out, In Use

4.3 Covert Occupancy 
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