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This is the preliminary version of the graduation the-
sis report for the Masters study of Urbanism at the
Faculty of Architecture, Delft University of Techno-
logy.

This graduation project has taken place in the gradua-
tion studio Delta Interventions. This studio deals with
the following issue:

“Due to a changing climate and changing insights
concerning sustainable relations between cities and
water-landscapes, new interventions will be needed
to create a new urban delta-landscape. In addition
to safety and better water-systems, in urban delta’s
there is a need for stronger spatial identities and new
cohesion of cities and their water-landscapes. This
is a task that cannot be solved within one discipline;
architects, urban designers, landscape designers and
civil engineers will have to work together on different
pieces of this complex assignment.” (Deltalnterventi-
ons.com, 2009, accessed 10-5-2013)

What started off in September 2012 as a ‘plan to save
the world’ — as many have addressed my initial am-
bitions — has resulted in an integration of disciplines
that had my interest even before participating in this
graduation studio.

| think that urban deltas are the urban territories that
need a multidisciplinary attention to solve urgent

threats at hand.

The water, that has been vital in the development of
the urban deltas, still has its importance. However
it is not exploited enough. This graduation project
will show ways to re-think the power of water, see it
more as a friend instead of a foe.

By combining the disciplines of energy management
and water management together with urban deve-
lopment integrated solutions can be found to make
a more sustainable urban delta that can face the cli-
mate changes and energy transitions of the coming
century.

preface

Caspar Lysen
Delft, October 31st, 2013.
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Ever since the Industrial Revolution, cities have be-
come more and more attractive and have been ex-
panding rapidly ever since. Nowadays, the majority of
people worldwide live in cities. This will continue to
grow. By 2030 six out of ten people and in 2050 even
seven out of ten people is expected to live in cities
(WHO UN-HABITAT, 2010). This will result in large ur-
ban expansion within the coming decades, where ci-
ties have to accommodate even more people in often
already densely populated areas.

Although living close together in cities is relatively
more energy efficient than rural living, the worldwide
amount of energy used is mostly consumed in cities.
This will increase in the future, when even more peo-
ple will live in urban areas.

The majority of these urban areas are situated at or
near waterfronts. It is predicted that half of the worlds
population will live within 100 kilometers from the
coast by the year 2050 (Adger et al., 2005). The wa-
ter is vital to the cities and the humans that live the-
re. People have settled here centuries ago and have
grown to the current urban deltas due to the favou-
rable conditions. In delta areas settlers could benefit

from reliable water sources, that could be used for
drinking, but also as a mode of transport to dispose of
waste. The land is favourable to growing crops becau-
se of its fertility and often flat. But on top of that, it of-
fers a great place to start trade from (De Graaf, 2012).
Deltas are, apart from very favourable to urbanizati-
on, also a very susceptible to the threat from water.
Since deltas can be defined as the place where river
and sea meet, they are also experiencing the effects
of both systems on the land (Meyer, 2009). This results
in threats of river floods, storm surges from the seas,
changes in sea level and dealing with heavy rainfall.
The urbanization of the treacherous deltas can there-
fore be seen as a double complexity, which Meyer
(2009) describes as:

“.. they have to deal with the complexity of the delta,
as the meeting of rivers and sea, and with the com-
plexity of urban patterns, as a condition and result of
economic, cultural and social life” (p.432)

This clearly shows that these deltas are difficult to de-
velop, since one has to take the complexities of na-
ture’s threat on top of complexity that human beings
living together brings to the table.

Over the ages, though, man has developed measures

introducing the problem

INtroduction

to overcome these threats from nature that deltas
have been subjected to. Building dikes and pump-
ing water away from swampy land made safe urban
expansion possible. On top of that, man was able to
keep feeding and fuelling these ever growing delta po-
pulations. This results in today’s situation, where the
largest cities in the world are located in delta areas
and will only increase in number and size.

However, the coming century these urban deltas will
face major threats when they continue to grow in the
same manner. Apart from planning the rapid inflow of
people into (mega)cities, climate change affects water
systems and many of the currently used energy sour-
ces are depleting.

13
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problem statement

The conditions in which we have been able to set-
tle ourselves on this planet are changing. The energy
sources that we use, are being depleted and due to cli-
mate change water systems are also changing, causing
sea level rise, more floods and more droughts. This is
affecting the densely populated urban areas across
the world.

[Figure 1.1]: Graph showing the threats to life in the urban delta:
energy shortage and a triple threat from the water, namely rising
sea levels, increasing river discharge and more extreme precipita-
tion levels

(source: by author)
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Energy transition

The current system needs a change to be able to afford
the expansion and energy consumption we got used
to over the last century. This awareness for sustaina-
bility has risen over the last decades. With the growth
of the urban population comes an increasing demand
for energy that cannot be met by most of the sources
that are currently used. Therefore a more efficient use
of sources is necessary along with a transition towards
a sustainable system based on renewable sources.
Although living close together in cities is relatively
more energy efficient than rural living (Owen, 2009),
the worldwide amount of energy used is mostly con-
sumed in cities. This will increase in the future, when
even more people will live in urban areas. A transition
to renewable energy sources is essential to meet our
future energy demands, as [Fig. 1.2] shows a vast gap
is showing in the graph. This is a serious concern, es-
pecially since it predicts the shortage will occur within
the next twenty years.

Flood adaptation
On the other hand a triple water threat is facing urban
deltas due to climate change. Due to global warming
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Fossil-fuels deficit!
World, we have a problem!

[Figure 1.2]: Graph showing world energy deficit between
the demand and the availability of fossil fuels. This clearly
shows a transition towards new energy sources is eminent.
(source: Roper (2006), Future Energy, online: http://arts.bev.net/
RoperlLDavid, accessed Nov 7th, 2012)




200 —

150 —
100 L I
s0 | I I

Sea level rise (cm)

o 1 1
IPCC AR Rahensterf Horton et ol Grinsted et al
2007 2007 2008™ 2009

[Figure 1.3]: Range of expected sea level rise in the 21st cen-
tury. This graph shows that the estimates vary more than 150
cm.

(source: Rahmstorf (2010), A new view on sea level rise. In: Nature
Reports [online:] http://www.nature.com/climate/ 2010/1004/full/
climate.2010.29.html, accessed October 26th, 2012)
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sea levels are rising and storms become more power-
ful, causing more severe storm surges.

This is something that is visible in many places around
the world already, often with great social and econo-
mical impact. Disasters such as in the state of Queens-
land (Australia) in December 2010, or New York (USA)
in November 2012 are clear examples of how extreme
weather could lead to enormous amounts of damage.

Over the past few years several studies have been
done to predict the mean sea level rise. These results
vary significantly [Figure 1.3] but most show a signifi-
cant sea level rise.

The Delta Committee also has different scenarios for
the Dutch coast, but the most likely prediction is that
by the year 2100 the sea level have risen with 65 to
135 cm (Programmabureau Zuidwestelijke Delta,
2011). This is still a large margin, but it matches with
the estimates in [figure 1.3]. This graph clearly shows
that in any case serious water level rise will take place
towards 2100 and will continue to rise afterwards.
Another characteristic of the changing climate conditi-
ons is excessive precipitation figures. Drought will oc-
cur more frequently, but also more precipitation with
heavy peak loads will cause flooding

These changes will force us to adapt our water ma-
nagement to be able to cope with large amounts of
precipitation as well as droughts. It would be a solu-
tion to have more storage capacity for fresh water.
This is not only applicable to the outer dike area, but
especially for precipitation also for inner dike area.
Creating extra buffer capacity by means of implemen-
ting storage space is relatively easy in rural areas with
much open land, but in dense urban area, the river
squeezes itself through built-up area, with little space

15
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for expansion. One solution is creating a bypass on a
regional scale to relieve the city. There is still heavy
debate on whether this bypassing is the right solution
or perhaps even to open up the delta. Fact is, that cre-
ating more space for water in urban areas is very valu-
able in this matter, also because especially the water
from the urban areas is important to store.

It can be said that there is a need for a new approach
for urban deltas when it comes to resilience in water
safety but also in energy consumption for the coming
century. It will take a lot of change to the current situ-
ation, but this will be the way to anticipate to the si-
tuation in 2100 or even beyond. To make a good plan,
there should be an integrated multidisciplinary solu-
tion to the challenge.

But how to combine a new strategies for surface
water management with energy management in an
urban delta? Today, these worlds are currently not

water
l management

very well integrated. Although both worlds are con-
cerned with the future and try to work towards more
sustainable solutions, their approach is different. As
water management focuses on adaptation to climate
change, energy management is more concerned with
mitigation towards this problem and a transition to
renewable energy sources. When finding long lasting
and resilient solutions for urban delta redevelopment.
This project should find the integrated approach for
water- and energy management to evolve towards a
sustainable urban delta. When we are able to manage
our water better we can see it less as a foe, but treat
it more like a friend and let it into our urban environ-
ment. This way, it can become possible to make this
water work to our benefit when urban areas are (re)
developed. Surface water can be seen as a blue swiss
army knife with many functions. The versatile possi-
bilities could create a sustainable urban environment.
The sustainability in this project can be explained in
two ways: environmentally friendly and long lasting.

energy

management l

sustainable urban delta

[Figure 1.xx]: scheme showing the two disciplines that will be attempted to
integrate in this graduation project (source: by author)
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The urban developments should be using less energy,
which be generated by using renewable local sources.
The solution should last as long as possible. This
means it should be able to withstand or adapt to the
changing circumstances in both environment and go-
vernance. By implementing multidisciplinary soluti-
ons, they will be more widely supported. Adaptation
to the changing environment means dealing with and
overcoming changing economic circumstances or cli-
matological changes that affect the area, such as wa-
ter level rise.

Project location

The Dutch delta forms an excellent location for this
graduation project. For centuries the Dutch have been
battling the water quite successfully. They are renow-
ned for it throughout the whole world. The country
has been subsiding in the area near the coast and is
below sea level; most people live in these western
subsided areas below sea level. Major rivers such as
the Rhine and the Meuse mount into the sea here,
carrying water from large parts of Europe. At the same
time, these rivers form the main reason for the eco-
nomic success. The port of Rotterdam is one of the
largest in the world and forms the gateway to the Eu-
ropean main land.

On top of that, this region is suitable, because it al-
ready has an extensive programme to become more
sustainable. This is mainly combined in the Rotterdam
Climate Initiative. The water threat is also addressed
in this region by the Delta Committee and the muni-
cipality itself.

Another interesting characteristic of this delta lies in
the planning. In Rotterdam, a vast area of city ports
will be due for redevelopment within the coming cen-
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tury. This is an opportunity to implement new and DR R
more integrated systems. Many city ports are current- storm surges and ‘

ly under redevelopment, while others show a reducing sea level rise

industrial programme. The Waalhaven - the wedge-
shaped basin in the close-up of [Figure XXX] - is, with a
surface of 310 ha. the largest man-made port basin in
the world (Municipality of Rotterdam, s.d.) and several
concepts have been made for redevelopment.

The development of this large basin has been charac-
terized by many transitions [Figure xxxx]. This adaptive
design over the last century matches the adaptive ap-
proach of water management and the transition envi-
sioned for implementing renewable energy systems.
With its many piers this port already has potential et £ : e 0
to become integrated with the water when it will be T N % TRET Y NG T, 0 e \ '
taken over by the city. This outer dike area would be : b . ¥4
ideal to experiment with new approaches, especially
from the discipline of energy management.

increasing river discharge

7

To anticipate to future threats, the potential of water [Figure 1.xxx]: project location is the Rijnmond-Drechtsteden region in the Dutch Delta. The local spatial im- T 1okm A
should be rethought today. In this graduation project plementations will be done in the Waalhaven; one of the city ports that will be transformed into urban area

an implementation of a new energy system, integra- within the coming decades (source: by author, underlying map from Google Maps)

ted with the characteristics of the Rijnmond region,
as a sustainable solution for sustainable and durable
redevelopment of the urban delta will be researched.

1966
B C:,I'
. /1989
=

1998

[Figure 1.xxxx]: The development of the Waalhaven [Figure 1.xxxxx]: Aerial photo of Pier 1 in the Waalhaven,

in the 20th century, showing the transformations this showing the pier was used as recreational area during the

large port basin has undergone and thusly its elasticity. crisis of the 1930’s. (source: Kamphuis et al., 1998)

source: Kamphuis et al., 1998
( p ) 17
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research questions

From the problem statement and the preferred location the following main research questions is posed for this
graduation project:

How to spatially integrate flood adaptation and renewable energy systems in sustainable urban delta development?

Derived from this main question a number of sub-research questions will be answered in this project:

How to define sustainability in urban development?

How can sustainability be used for urban delta development?

Where are the disciplines of energy management and water management best combined in spatial develop-
ment?

How can these combinations play a role in a regional vision for the Rijnmond region?

What is the potential of implementing this combination in a strategy for the city ports of Rotterdam?

How can integrated strategies be translated spatially into an urban design?

20




energy
management management

[Figure 2.1]: this graduation project tries to integrate
the disciplines of energy management, water ma-
nagement and urban design.

(source: by author)

<HD 5

[Figure 2.2]: Conceptual scheme of an almost self-sustaining city, where most
energy is kept inside the city’s energy cycles
(source: Van den Dobbelsteen (2012), Fossil free cities: towards intelligent cities ready
for the energy crisis, Lecture at University of Melbourne, March 21, 2012. Melbourne,
Australia)

thesis setup

research aim

The main aim of this graduation project is to develop
spatial solutions for an integrated approach of water
management, energy management and urban deve-
lopment [Figure 2.1]. This should result in sustainable
spatial solutions to withstand the effects of climate
change and the energy transition that threaten the ur-
ban delta in the twenty-first century.

The first objective in this project is to find the opti-
mum for gathering energy from surface water that can
be implemented in the Rijnmond area.

Secondly, a regional vision on implementing this com-
bination of water and energy should lead to the urban
plan and —design, in which sustainable water manage-
ment, sustainable energy management and urbanism
form an integrated whole in spatial solution.

This project should aim for a strategy that makes the
delta region of Rotterdam more self sustaining in ener-
gy use. This should be done by using the energy po-
tential in the region and aim for more closed cycles (as
seen in [Figure 2.2]). However, this should still match
with the flood adaptation and the urban transforma-
tion.

21
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methodology & approach

2.3.1 Methodology

a R
The main structure of this graduation project is as fol- . I o - - > o --->
lows: --- -~ @ --
o S TIge : Y
——————————————— > - >
| — theoretical framework - - > o ---> -« - - -
IIl:A - technical analysis (Water&Energy) . ————— > Q9= > @ --> X
. . -~ - —- =
[I:B — spatial analysis (Energy&Urban dev.) Y )
Ill:A — spatial vision, strategy and rules per discipline ( r T
[1I:B — integrated vision, strategy and design technical/ ~N
IV — conclusion & evaluation theoretical functional spatial vision per integrated spatial Ylevaluation
framework analysis analysis scale level design ¢
The theoretical framework and the analyses of the WS = 2
project can be characterized as design research (De : :
Jong & Van der Voordt, 2002). In this stage knowledge Gl 5 Ll researcio Sl
is gathered to form the base of the design, that is fee- backcasting forecasting backtracking
ding from this knowledge. : :
g . g . “» literature review literature : site visit disciplinary layer assess- i discipline integration, concluding
In phase llI, the design research changes into study by E interviewing i layer analysis | ment, data analysis i studying precedents reflecting
design. “Characteristic for this type of study is gene- *qu studying pre- ! ;
rating knowledge and understanding by studying the cedents i
effects of actively and systematically varying of both . .
design solutions and their context.” (De Jong & Van der 3 - E : sketches
vV gdt 2002 21) ( & § § review paper d;_‘agrams ' d maps maps i drawings (2D, axone- report
oorat, : , P . T3 schematics : rawings i tric, perspectives) poster
An overview of the methodology used for this gradua- 3 s ; i maps, calculations,
” ' H toolbox

tion project is seen in [Figure 2.3].
[Figure 2.3]: schematic representation of the structure of the graduation project linked to the methodology and techniques
(source: by author)
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The methodological details of each part is described:

| - Theoretical framework

Creating the theoretical framework is the start of this
graduation project. It is used to gather knowledge on
the subject of water management, energy manage-
ment, sustainability and the design region (the urban
delta in general, but also more specific the project
area).

The literature in this theoretical framework consist
for the greater part of literature studies. By reading
books, proceedings, journals and reports, the know-
ledge on water management, energy management,
development of the region and the array of imple-
mentable systems has been gathered. There is at-
tention paid to the date of the pieces of literature.
The most recent studies are more likely to include the
latest technologies and should have included the new
post-crisis perspective.

Attending lectures also contributes to the increase of
knowledge on the topic. The lecturers themselves of-
fer direct information on various related topics, but
above all, they often refer to projects or literature
that is very helpful in gathering the needed know-
ledge.

These types of research can be categorized as ‘bu-
reauonderzoek’ (Verschuren & Doorewaard, 2007),
which can be translated as ‘desk research’. This re-
search methods mainly take place behind a desk,
where data, gathered by others, is processed.

Il — A: Technical analysis (W&E)
By combing the disciplines of water and energy, the
technical research is executed.
By studying reports and papers and consulting Van
de Ven, Tillie and Broersma (amongst others) in inter-

views, an overview of the many technical possibilities
combining water and energy is created and subse-
guently assessed by focusing on potential and effici-
ency. Calculations are done to get an indication of the
quantification of the best assessed system. Calculati-
ons are based on data found in reports and from case
studies of similarly implemented systems.

Il — B: Spatial analysis (E&U)

The results of the functional/technical analysis is com-
bined with the characteristics of the project location.
A comparative study of the REAP-initiative leads to
adopt certain elements of these studies. Preconditi-
ons for the location are shaped by studying the muni-
cipal visions as well as visions of the City Ports and a
combination with the technical research is made.
During the analysis, the progress and first envisioned
solutions have been tested by presenting to the men-
tors of this graduation project.

[l — A: spatial vision, strategy and rules per discipline
The vision and strategy are a spatial translation of the
results of the research-and-analysis phase. In the third
phase, a disciplinary layer assessment is applied. This
is inspired by the layer method. This layer method, as
originally used, distinguishes “spatial planning tasks on
the basis of the differing spatial dynamics of substra-
tum, networks and occupation patterns”(Van Schaick
& Klaassen, 2011, p.1). However, in this project, the
layers will represent a discipline: energy management,
water management and urban development. Each
discipline will be designed throughout different sca-
les. The scales used are: regional, municipal, district,
neighbourhood and segments of neighbourhood.
This phase is characterized as design research. The re-
sults from the analysis are put on paper. By drawing

thesis setup

and sketching, but also digitally drawn maps and sche-
mes a vision for a combined approach of water- and
energy management is created. This leads to an adap-
tive strategy for the Rijnmond delta.

Creating a spatial vision requires more research. More
knowledge is gathered via reports and interviews, but
also from a comparative study, using reference pro-
jects. These precedents are taken from other urban
delta regions. Rotterdam takes part in many alliances
with delta cities all over the world, such as the DeltaAl-
liance, Connecting Delta Cities (CDC), C40 and Celsius
Cities.

[l — B: integrated vision, strategy and design

This step combines the design results per discipline

per scale, creating the following products:

- Regional scale: vision

- Municipal scale: strategy

- District scale: masterplan

- Neighbourhood scale: urban design

- Segments of neighbourhood scale: urban de
sign principles and visualization

The results of the two methods show four steps. Each

step represents a scale level in which the three dis-

ciplines are spatially developed. Then, an integrated

product is designed by using the ingredients from the

three disciplines. The integrated result of one scale

then feeds the individual disciplines on a lower level

of scale. The results are organized in a matrix with

scales on one axis and disciplines on the other [Figure

METH3].

Step llI-B is dominated by the method of study by

design. By using sketches and collages a range of so-

lutions of spatial integration of water and energy is

created. By assessing these possibilities through empi-

rical research (Verschuren & Doorewaard, 2007), such
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as site visits and interviews, but also by more reports
and precedents, a creative design process is fed. This
process does not develop via a straight path, but has
a more cyclical progress. This is something that is seen
regularly with creative design processes (Van Doorn,
2004); sometimes a step back is required to move for-
ward in the design process. The process described by
De Jong and Hickling (1990) resembles the design pro-
cess during this project (pp.23-26):

-> formulate —> generate —> compare —> choose ->
execute —> explore ->

This design shows how to spatially translate the vision
from larger scale into a key intervention in the stra-
tegy —namely the pier - in which energy and water are
combined with urban challenges of the next decades.
During this process the research by design inviolved
the following research:

- Local analysis: subsoil specifications, site visit,

- Interviews with thermal network specialist for mu-
nicipality of Rotterdam, Havenbedrijf Rotterdam, sus-
tainable energy expert.

- Reference projects of rebuilding port areas: Ham-
burg, Copenhagen, Antwerp, Gotenburg and refe-
rences in Rotterdam itself. This reference research is
meant to discover smart implementations that have
been executed or planned to improve living qualities
and support the technical aspects of the energy- and
water systems that are being implemented.

IV — conclusion & evaluation

The conclusions are drawn according to the way the
research questions are posed. This includes a conclu-
sion on theoretical, functional and spatial results.
Subsequently, the project as a whole is evaluated in-
cluding the process. Both are presented in this integral

24

thesis report at the end of the graduation project.

2.3.2 Approach

Backtracking, forecasting, backcasting

In the research to find the suitable systems from wa-
ter management and renewable energy sources, an
approach from literature is used. The principles of
forecasting, backtracking and backcasting suit this
project well. [Figure METH2] shows the principle of
these three methods. In short they can be defined as
follows (Van den Dobbelsteen et al., 2006):

- Forecasting is ‘ [..] to estimate the consequences of
current developments and our own intervention on
long-term effects.(p.3)

- Backtracking is basing solutions ‘on historical cir-
cumstances at the time there still was a sustainable
equilibrium. (p.3)

- Backcasting is ‘involving the description of a desired
future state [...] and translating this state back to stra-
tegies and measures we need to develop now.(p.3)

Translated to the graduation project, this means the
following:

The future situation is forecasted. In fact, this is the
problem statement; the forecasts might be vague,
but they clearly show a challenge at hand.

The backtracking begins with researching the histori-
cal development of predominantly energy and water
management, but also combined with urban deve-
lopment. This is elaborated in the literature studies.
After establishing the historical sustainable equilibri-
um and understanding how these disciplines have de-
veloped until today, the conclusions can be projected
onto future developments.

The next step can be interpreted as backcasting. If a
certain sustainable future is desired, in which urban
deltas will not suffer from the changing climate and
the depleting energy sources, a vision and strategy
should be developed today. This is preceded and ac-



companied by research and analysis. An urban design
shows how this vision and this strategy can be trans-
lated spatially.

Disciplinary assessment: result matrix

To organize the results from the three disciplines with
the conclusions on each scale, a structuring matrix is
created [Fig. METH3], visualising the disciplinary layer
assessment. This matrix works as follows:
Horizontally, the products per discipline are placed,
starting at the large scale en continuing to zoom in
towards the right. Logically, in the vertical rows each
scale is displayed, showing the each discipline per sca-
le and the combined product. This project meanders
through this matrix, elaborating on the results per le-
vel of scale; starting with the disciplines and conclu-
ded by the combined products and subsequently ta-
king this as starting point for a smaller scale.

SUSTAINABLE ENERGY
MANAGEMENT

SUSTAINABLE WATER
MANAGEMENT

URBAN DEVELOPMENT

COMBINED
PRODUCT

thesis setup

forecasting

backtracking

sustainable future

backcasting

[Figure 2.4]: A graphic representation to clarify the principles of forecasting, backtracking
and backcasting. (source: Van den Dobbelsteen et al., 2006, p.3)

REGION MUNICIPALITY DISTRICT NEIGHBOURHOOD DETAILS NEIGHBOURHOOD

Rijnmond-Drechtsteden City ports Waalhaven Pier part of pier

-
=
=
=

URBAN DESIGN

STRATEGY VISION

MASTERPLAN

VISUALIZATION

[Figure METH3]: The result matrix of different layers. Horizontally the different scales, vertically the disciplines and the com-
bined product. The storyline throughout this report will run per scale level (source: by author)
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theoretical framework

Introduction
The theoretical framework for this graduation project Subsequently, the theoretical forecasting showcases
consists of literature studies of the historical deve- future situations and sustainable approaches in the

lopment of energy-, water management and port city three disciplines to manage these paradigms.
development as a backtracking study.

YEAR: 1000 AD 1100 AD 1200 AD 1300 AD 1400 AD 1500 AD 1600 AD 1700 AD 1800 AD 1900 AD 2000 AD // future ->
backcasting conclusions:
ENERGY: Future energy systems should use renewable, local ly
Pasqualetti (2012) energy of organic economy energy of mineral econ.l lenergy of ele(':tricgconomy available resources to power a sustainable economy. The

principles of centuries ago are suitable when we use mo-
. dern technological paradigms to meet the ever growing

energy of sustainable

WATER: - cdnomy demands.

Van der Ham (2002)‘

natuiral water stats

accelerating power The sustainable equilibrium can be found in partially gi-

Hooimeijer (2011) ti . . .
ve power ving space to the water and partially control it. In these

Dutch perspective

A R e wer controled areas, development should be more integrated

acc. flowef power with water management instead of relying on offensive

Brown (2008) _- power, that has strengthened sinced the Industrial Revo-
Australian persp. water supply city |drained city lution.

waterways city

PORT CITY DEVELOPMENT: water cycle city

water sensitive city

Meyer (1996) - The predicted reduction of scale and fragmentation of
“transito” port indubtrial port distbution portand  POr't @and city, developing towards a network that forms a
next to city network city

mosaic of funtions is not directly tracking back. However,
this mosaic allows functions to mix and form interesting
mulitple use of the public space and urban area. This can
be tracked back to port activities integrated in urban area.

[Figure 3.1]: Graphic comparison of the different theoretical studies on energy management, water manegement and urban development. The
figure shows a similar trend in all disciplines: refering back to sustainable equilibriums of the past to approach the future. (source: by author)
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Historic development of water management
and energy use

Different eras in energy sources

The different stages of used energy sources over time
can be best categorized according to the different sta-
ges in energy landscapes, described by Pasqualetti
(2012, pp.14-40).

| energy of the organic economy

Il energy of the mineral economy

[l energy of the electric economy

IV energy of the sustainable economy
[See also Appendix B??7?]

Today, we still use all of the resources mentioned in
the stages above. Fossil fuels, currently the most used
energy source, are depleting and therefore we are
currently only at the beginning of this fourth age. One
could also say that a circular process is completed and
we have returned to our organic stage. This is a clear
example of backtracking energy use.

Different eras in water management

Water management has always been closely related
to urbanization. Meyer (2009) states: ‘Throughout his-
tory, in a watery region such as the Dutch lowlands the
question of water management and flood defence has
been related to the question of the relation between
the urban and the rural communities’(p.433). Hooi-
meijer (2011) also focuses on the Dutch delta and
gives a clear guideline to approach the Dutch water
management history. It is divided into the following
eras (using Hooimeijer’s terminology):

| before the year 1500: Natural defensive

II' 1500 - 1800: Anticipative
[l 1800 — 1890: Offensive
IV 1890 — 1990: Manipulative

V 1990 — present: Adaptive manipulative

Hooimeijer also conludes: ‘The Fine Dutch Tradition

expressed in the new Dutch water city can return to
its roots: complex urban developments that connect
different challenges in the most efficient way’ (Hooi-
meijer, 2011, p.287). This can also be interpreted as
backtracking to a time where urban design and water
management were sustainably balanced.

A study by Brown et al. (2008) shows a similar division
in different eras of water management. It also advo-
cates to strive for water sensitive cities, in which adap-
tive and multifunctional urban design should enforce
awareness of water in urban areas as well as flood
resilience. Brown concludes that ‘given the significant
climate change and population growth challenges fa-
cing cities, there is a critical need for strategic invest-
ment in solutions that will deliver long-term sustaina-
ble outcomes. (Brown et al., 2008, p.9)

This matches with this graduation project, where a vi-
sion and an urban design should be exemplary for a
durable sustainable approach for the urban delta.

Meyer (1996) studied the historic development of port
cities and defines four different eras. The main trend
in this development is the separation of port and city
as they increased in size, but predictions show a de-
velopment into a mosaic of scattered port- and urban
areas throughout the urban delta.

Backtracking historical trends

These studies on energy- and water management
shows that backtracking towards the sustainable equi-
librium can be seen in both disciplines. The use of lo-
cal resources and being in touch with the local envi-
ronment is the modern approach, just like it was back
in the 1300'’s. In port city development also, a similar
trend is visible [Figure 3.1]. The smaller scale is envi-
sioned by Meyer (1996) for future port development,
with a mosaic landscape of port and city. The appro-
ach for this project shows that all three disciplines

research & analysis

show signs of working towards a new situation that
was already seen centuries ago. Smaller scale systems
with solutions adapted to the local problems at hand.

In this project, the integrated approach harnesses the
traditional polder city water awareness with the small
scale port development — integrated in the urban tis-
sue. It should power the new developments with the
use of locally available renewable resources from the
sun, the moon and the earth. This will be spatially
translated into an urban design. It should be noted
that the design can use today’s technological progress
to be used in sustainable ways instead of using the pa-
radigms of the 1500’s.
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Energy and sustainable planning
Technological advancement has given us the power to
battle nature and to harvest resources from this pla-
net in growing amounts. However, in the last decades
awareness for environmental issues is raised. Gradu-
ally, the understanding that the used energy sources
were not endless, started to emerge and that it would
be wise to reduce our footprint. ‘Limits to Growth’
(Meadows et al., 1972), ‘Our Common Future’ (WCED,
1987) and ‘Cradle to cradle’ (McDonough & Braungart,
2002) are some of the main documents to indicate this
trend. This mindset - along with ever evolving tech-
nology — should bring us towards a more balanced
coexistence with nature.
This change, that has to take place, should occur in
multiple ways. Using the Trias Energetica (Lysen, 1996)
and the ‘Cradle-to-Cradle’ method (McDonough and
Braungart, 2002) the New Stepped Strategy (Van den
Dobbelsteen, 2008) was created:

1.Reduce the demand

2. Reuse waste streams

3. A. Use renewable energy sources

B. ‘Ensure that waste can be used as
food’ (Van den Dobbelsteen and Tillie,

2011, p.6)

In REAP — Rotterdam Energy Approach & Planning — by
Van den Dobbelsteen and Tillie (2011) the New Step-
ped Strategy is applied to a principle for the city of
Rotterdam. This includes the principle of energy casca-
ding as seen in [Figure 3.3]. This principle shows that
unused energy — entropy — from one user can be the
exergy for another (Van den Dobbelsteen, 2010).

Transporting the energy from one user to another
should be done across small distances, as it energy
loss occurs and — mainly infrastructural - costs need to
be made. Project Ground for Change (Van den Dobbel-
steen et al., 2006) promotes the use of local strengths
to come to sustainable energy solutions: ‘there is no
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basic information

[Figure 3.2]: Energy potential mapping scheme (EPM). (source: Van den Dobbelsteen et al.
(2011), Energy Potential Mapping for Energy-Producing Neighborhoods. In: SUSB Journal, Issue
no. 14, 2011.

cascade of waste heat

agriculture

— |

[Figure 3.3]: Principle of cascading where unused energy (entropy) cascades down to
the next step where it partly serves as exergy. Source: Van den Dobbelsteen, 2010
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[Figure 3.4]: The effects of the climate change on the Dutch water
system predicted for the year 2100. Sea levels will rise 65 to 130 cm,
creating a larger area of influence inland . Also a larger discharge
from the rivers towards the sea. Part of the current deltaworks will
be obsolete and dike reinforcement is emminent.

(source: Delta Committee, 2008)
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[Figure 3.5]: four scenarios for the Dutch delta as predicted in the
delat programme (source: by author, based on Delta Committee,
2008)

one true method or solution to attain a certain goal;
every location and situation demands for different
measures’(p.2). Looking for local energy potential is a
complex study, considering many variables, as seen in
[Fig. 3.2]

Power to the people

The New Stepped Strategy combined with harvesting
from local sources, fits into Rifkin’s idea on The Third
Industrial Revolution (Rifkin, 2011). It describes that
after the occurrence of steam power and the internal
combustion engine , the third revolution in energy is
occurring today; a switch towards renewable energy
combined with the leap in communication due to the
digital revolution. This third revolution consists of five
pillars (Rifkin, 2011):

|- shifting to renewable energy

Il - buildings as power plants

I - deploying storage techniques

IV - internet technology to transform the po
wer grid
V- transition of transportation to electric

The European Union has already applied this to their
energy politics (Energieoverheid, 2012)

This revolution also changes consumers into produ-
cers. It becomes more easily for a household to col-
lect their own energy and become more independent.
It creates the possibility to organise power on a very
local level, such as a street or a neighbourhood. This
is (literally) giving the power to the people (Tegenlicht,
2012). It gives individuals or small communities the
chance to sort out their own energy needs, but also
their own food and even their insurance.

The first four pillars are included in this project, predo-
minantly the shift to renewables and deploying stora-
ge techniques.

Water
Water influences the energy system, as [Figure 3.2]
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shows. It can be a primary source - such as hydropo-
wer or tidal energy - or contribute in a secondary role,
such as reducing Urban Heat Island effect (UHI-effect)
and facilitate mariculture (Deltasync, 2012) and cre-
ate an ideal environment for wind energy yield. These
characteristics are very interesting to explore in the
urban delta, where surface water makes up a signifi-
cant percentage of the total area.

Today however, water is seen more as a threat that we
need to control. This attitude is for good reason. In
the coming century, high water levels will occur more
frequently, due to rising sea levels, more extreme river
discharges and more extreme precipitation. The Delta
Committee (2008) predicted that by the year 2100 [Fi-
gure 3.4]:
- Sea level will rise 65 =130 cm and will be
influencing the water more upstream inland
- River discharge will increase to 18.000 cubic
metres per second, of which the majority will
pass through the Rijnmond-Drechtsteden
region.

There are four scenarios developed to show what the

Dutch urban delta will look like in the year 2100. They

are predominantly determined by the development of

the economy and the rapidity of climate change (Del-

taprogramma Rijnmond-Drechtsteden, 2011):

- ‘VOL (‘Full’): moderate climate change, socio-
economic growth

- ‘RUST’ (‘Calm’): moderate climate change,
socio-economic shrinkage

- ‘STOOM’ (‘Steam’): rapid climate change,
socio-economic growth

- ‘WARM’ (“‘Warm’): rapid climate change,
socio-economic shrinkage

The future over a time span of a hundred years is hard
to predict. For socio-economic developments this is
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even harder than climate change. Therefore, all four
scenarios are likely to happen. However, the Delta Pro-
gramme uses the ‘Full’-scenario as the most likely in
their strategies.

Improve overall fitness
To establish a climate proof region the ‘overall fitness’
of the area should be improved. This will lead to bet-
ter capabilities to anticipate to climate change and be-
come less vulnerable to threats (Homan (2005). This
fitness can be improved by following these points of
attention (Roggema, 2005):
- areas for natural resource
- networks strong, safe, flexible and overlapping
- safe living: define risk areas
- mix functions and provide many different
elements
- landscape mosaic (spatial & functional)
- city differences (spatial & functional)
- border: define border of action, but also scope
beyond border for regional context
- open infuence: define areas with open
influence from external factors

Rotterdam as one of the acting urban deltas

To understand urban deltas better, the work of Meyer
is very supportive, such as ‘Reinventing the Dutch del-
ta, complexity and conflicts’ (2009) and ‘Delta urba-
nism in the Netherlands’ (Meyer et al., 2010).

Delta cities worldwide have already organised them-
selves in different initiatives to exchange knowledge
and experiences. Connecting Delta Cities (CDC), Del-
taAlliance and C40 Cities are some examples of these
initiatives, of which each has their own body of know-
ledge that could be tapped on to.

This knowledge is also published. For example the sus-
tainability guide by the municipality of Rotterdam, in
which tools for planners is published to help spatial
implementation of climate change adaptation [Figure
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3.7].

In the future urban development can also be taken to
the large surface waters, such as the sea. Nowadays
small lakes and rivers are occupied by floating buil-
dings, but Deltasync (2012) proposes this new fron-
tier in the concept of the Blue Revolution. This holds a
long term vision in which we expand delta cities onto
the water and use this area to create closed nutrient
cycles for the city [Figure 3.6].

Forecasting the future

Towards the year 2100, more awareness with our en-
vironment will be creating by transition towards new
energy approaches. The New Stepped Strategy forms
the base of sustainable thinking. The REAP (Van den
Dobbelsteen and Tillie, 2011) froms a good approach
for tackling the energy transition in Rotterdam. There
are many ways to extract energy from local potentiali-
ties, that can power local bottom-up initiatives to form
small decentralized communities.

Since water levels will rise significantly in the coming
century, more adaptive strategies to cope with this
water will be needed in the urban delta, where socio-
economic growth will be combined with a moderate
climate change. However, preparing for the worst, the
design results should be able to cope with a sea level
rise of 130 cm in 2100. Extra water buffering will give
more opportunities to use surface water in a way it
contributes to the creation of a more self-sustaining
city.
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Turning polluting cities into productive eco-cities
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[Figure 3.6]: concept of creating floating extensions of the urban
delta area onto the water to make a more environmentally friendly
city, called Blue Revolution (source: De Graaf, 2012)
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[Figure 3.7]: Excerpt from the Rotterdam Sustainability Guide, that can be used for planners to offer practical solutions to adapt the delta to climate change.
The solutions can be executed on different scales. (source: De Jager, W. (2010) Rotterdam sustainability guide. In: Schoenmaeckers, B. & van Rijnsoever, M (2010) Change
magazine: Deltas in times of climate change, 2010-2011, issue 1)
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technical inventory water & energy

The goal of this project is to find spatial implemen-
tations of the integration of water management and
energy management. This concentrates the research
onto energy systems and their spatial effects on surf-
ace water. As a part of the backcasting, research and
analysis help determining the instruments to achieve
this goal with.

Understanding energy from water
Ever since the awareness of sustainable energy sour-
ces in our environment has risen, many techniques to
extract this energy for our use have been developed.
A wide range of possibilities can be implemented.
Therefore, a categorisation is made to structure the
possibilities. The energy provided by the sun and the
moon and the earth’s core can be harvested as:

- Thermal energy

- Kinetic energy

- Potential energy

- electrochemical energy
Some of the applicable systems are tidal energy, wave
energy, temperature and salinity differences, hydro-
power, geothermal energy and river flux (see appen-
dix A for complete overview)
These harvestable energy potentials can be divided
into three types of usage: electricity, thermal and the
storage of energy [fig.3.9]. On top of that, surface wa-
ter also has a secondary effect on wind energy, as a
large surface of open water poses no obstruction to
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the wind and is therefore favourable to harvesting
wind energy, but also offers space to store this energy.
The storage of wind energy by height difference is ap-
plied in ‘Plan Lievense’ (Lievense, 2008) and more re-
cently by Gottlieb Paludan Architects (year) [fig.3.8].
In this plan potential energy — or height energy — is
combined with windpower, creating a system that
could supply electricity according to the curve of the
demand of the urban area.

With the aim of using these potentials regionally to
meet the demands of the project area, let us focus on
the Rijnmond region and its potentials.

Yield potential in Rijnmond region

The potential of each system depends on the geop-
hysical conditions of the area one is harvesting the
energy from. The Dutch delta offers potential:

e in its estuaries with existing dams and tides for
tidal energy, but also the close proximity of salt and
fresh waters offers electricity through osmosis

¢ offshore by using the flux of the sea, the tidal
differences and the waves, but also its potential for
wind energy. Even thermal potential can be used for
heating and cooling

¢ in its rivers for heating and cooling, but they run
too slowly to be used for flux energy (Benner et al.,
2009)

e in its urban areas for heating and cooling and
storing heat and cold

e inits rural polder areas, where the low-lying land is
susceptive to inundation, but could therefore be
a potential for heating and cooling, but also energy
storage in the form of the biomass of algae. The
flatness of the delta suits the rural areas for wind

energy.

Charging...
Green energy sverflow

[Figure 3.8]: Visual of Green lIsland concept by Gottlieb Paludan

Architects. This is a concept for an island near Tampa, FLO, USA.

Energy is generated by wind and hydropower and is mainly used

to provide cheaper electricity and a buffer for the peak demands.
(source: Gottlieb Paludan, 2009)
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[Figure 3.9]: overview of energy systems related to water, divided
by their use; generating electricity, heating and cooling and energy
storage (both thermal and electrical) (source: author)
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[Figure 3.10]: potential renewable energy systems in the different landscapes in the project region.
(source: by author)

Implementation barriers

Of the potential implementations, the concept of
the energy island ‘Plan Lievense’ is very expensive to
build. To make this feasible, it needs to be developed
on a large scale. This is very hard to do in the urban
environment. A large port basin such as the Waal-
haven, certainly has potential. However, in an urban
environment it is undesirable to have a quay wall of
about ten metres and a water level that fluctuates ten
metres daily. On top of that, the cheapest and easiest
way to obtain electricity to meet the peak demands
is using electricity from abroad. This simply requires
a cable across the sea bottom and is therefore much
more cost efficient than building an energy island.
Currently, The Netherlands already have a connection

to Great-Britain and Norway and more connections
are planned [Figure 3.12]. When generating electricity
is combined with water safety, the expensive project
could serve two goals —namely energy and water safe-
ty —and is therefore more feasible. In this project the
possibilities of implementing this kind of islands is not
included, since the combination with energy is at this
point not feasible, especially in the urban areas.

Wind energy needs open space for maximum yield. On
top of that, (large) turbines are experienced as nuisan-
ce in urban environment, so they should be positioned
away from urban areas. This is a feasible option, be-
cause electricity can be easily transported over large
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distances. Other systems need to be in non-urban
areas where the conditions of the water are profita-
ble. This is predominantly applicable to wave energy
and flux energy.

Some new techniques for harvesting energy from wa-
ter are not fully developed to be implemented at this
point. This considers osmosis or blue energy. Also ti-
dal energy and the energy island are still not seriously
considered for implementation. It should be noted
however, that predominantly the energy island and a
tidal dam could also be combined with water the dis-
cipline of water management as they are also flood
defence elements.

Assessment energy and water
The results of the assessment report by Deltares
(2008) show the most suitable water energy systems
for the Netherlands. Apart from its geographical po-
tential, the different systems are assessed on techni-
cal and societal collectability. This means that not only
the energetic potential is taken into account, but the
research also shows the technical possibilities to im-
plement the system and the acceptance by society to
implement these systems. The results in [Figure 3.13]
show that the most potential lies in heat and cold
storage and geothermal energy.
A second report concerning the assessment of techni-
ques of energy from water shows similar results. From
this report by CE Delft (2009) can be concluded that
the best techniques are:

- heat and cold from sea water

- floating housing with heat and cold from water

- energy from waves
The most promising approach for a sustainable energy
system would be the exploration and the implementa-
tion of thermal energy from water. The wave energy is
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not applicable in the urban environment. The first two
options can be combined as they both consider the
thermal qualities of surface water.

Thermal energy from surface water

To get more acquainted with thermal energy and its
characteristics and possibilities for the urban environ-
ment, an additional study is done.

The thermal energy and water combination is con-
cerning the surface water, but also the subterranean
water and includes the systems of temperature diffe-
rence, heat and cold storage and geothermal energy
[Fig 3.14].

Surface water is used for cooling and heating by using
the difference in temperature between the water and
the indoor temperature of a building. The disadvan-
tage of this system is that there is little temperature
difference between the source and the desired tem-
perature. Therefore, it has only a small effect. Never-
theless, the thermal capacities of surface water are
nearly endless, when this is taken from a river. Here,
the flow provides new source material constantly.

Surface water as a cooler seems perhaps more logical
than its heating capacity, but it is actually an immense
solar energy collector. For example, during summer-
time, the total heat (and cold) demand in The Nether-
lands can allegedly be collected from sunrays in the
Dutch surface waters in just eleven days (Techniplan,
2010). This means an enormous heat potential form
surface water, although it is a low temperature heat.

A large temperature difference can be found by using
geothermal energy; the heat from the earth’s core.
From a depth of about two kilometres water is pump-

[Figure 3.11]: centralized(l) and decentralized(r) networks are
representing the two systems for energy distribution, top-down
versus bottom-up, regional versus local (source: by author)

[Figure 3.12]: Dutch Electricity network with connections to Gre-
at-Britain and Scandinavia.

(source: Tennet TSO (2012). In: Leenaerts, H.(Eds.)(2012), Bosat-
las van de energie. Groningen: Noordhoff Atlasproducties, p.79).
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[Figure 3.13]: assessment table of different energy systems with water, showing the most potential can be found
with heat and cold storage, geothermal energy and wave energy. (source: Deltares, 2008)

ed up with temperatures between 60 and 150 de-
grees Celsius (Van t Slot, 2011) and is therefore mostly
suitable for high-temperature heat demand, such as
hospitals and industrial activities. However, geother-
mal wells provide no cooling option and they can de-
plete in a couple of decades. It then takes between
one and three centuries to recharge. This makes the
yield limited.

Heat and cold storage is another way to increase the
difference between the source temperature and the
desired temperature. It is best known in the form of

- == geothermal source
depth: 2000 - 5000 m

[Figure 3.14]: schematic overview of the three possibilities of thermal energy
combined with water: solar power and cooling from surface water, heat and

cold storage and a geothermal well. (source: by author)

Aquifer Thermal Energy Storage, or ATES. It works
with the principle of transporting heat from above the
surface to aquifers underground via water. This means
both heat and cold can be stored to be used when it
is needed. This system only stores gathered energy
and therefore needs another producing source, such
as indoor and outdoor air temperatures, or water. As
seen in [Figure 3.15] the most common way is to use
in underground aquifer stored heat and cold to cre-
ate the desired indoor climate. Then, the used water
has changed temperature and is stored again in the
underground. During the summer, the cold source is

depleted as the warm source is charged; in the winter
this process is reversed to meet the heat demand.
Besides ATES, there is also a closed system possible,
where the stored water is not pumped into an aquifer,
but heat is transferred to the surrounding soil around
many pipes. This closed option is suitable for single
household storage, but less suitable for the larger pro-
jects as the capacity of a closed system is smaller than
an open system.
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The water temperature difference is compared to the
heat and cold demand schematically over a year in [Fi-
gure 3.16a). This shows the demand is opposite to the
availability of heat and cold. To achieve the desired
temperature, the surplus of heat in the summer and
the surplus of cold in the winter should be used half
a year later [Figure 3.16b]. Storing this heat in for ins-
tance aquifers would make it possible to transfer the
heat and cold from the surface water in time.

Conclusion

The most efficient usage of energy from urban surface
water can be found in its thermal capacity. The electric
alternatives are more efficient on larger a scale in ru-
ral or marine areas, where they are less of a nuisance,
but still without a significant energy loss due to trans-
portation. In combination with heat and cold storage,
the subtraction of heat and cold from surface water
can provide a substantial part of the heat and cold de-
mand. Where other types of harvesting energy from
water are far less efficient, thermal energy systems
work especially well in urban areas of the delta. Also,
the solar energy captured by the river water in the
hinterland flows towards the ocean and often passes
through delta cities. Therefore surface water should
not only be seen as a coolant, but also as a heater.
Due to the limited temperature difference of the surf-
ace water and the desired temperature at that mo-
ment, the heat and cold can be used most efficient
when it is stored and used half a year later when there
is a significant demand for it.
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[Figure 3.16a]: Schematic graph of the different temperatures of
water and air, compared to the demand during a year. (source: by
author)

temperature

[Figure 3.15]: Schematic representation of on open sys-
tem (top) and a closed system (bottom) for thermal
storage. The system is shown in summer (left) and winter
(right) conditions. The open systems have more capacity
and are therefore used for larger projects, whereas closed
systems are often used for small projects. (source: Eneco,
[online:] www.vrijekavelsplantagedesniep.nl)
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[Figure 3.16b]: the difference in supply and demand should be
solved by collecting the surplus and using it half a year later
during shortage (source: by author)




After establishing thermal energy combined with
storage as the favourable combination of energy and
water, this result is applied to the project area: the ur-
ban environment of the Rijnmond region. This will be
done according to the scale levels that are used in the
design, starting with the regional scale, via municipal
scale to Waalhaven scale to pier level.

Region: thermal energy network development
Currently, several developments are already taking
place in the region, such as geothermal heating for
greenhouses, but also individual heat and cold stora-
ge and a district heat network fuelled by excess heat
from waste incinerators and industrial activities in the
Port of Rotterdam.

Currently the region has several district heat projects
and is still expanding [Fig 3.17]. However, in future, the
current production of heat will be reduced as these
heat producing activities in the Port of Rotterdam will
disappear. It is expected that by the year 2050 at least
two of the five major excess heat producing industries
will have disappeared to be replaced by cleaner indus-
tries (Tillie, 2013a).

Alternatives need to be developed to anticipate to this
future decrease in heat supply. Two strategies have
been are proposed by the author [Fig 3.18]:

- Take over parts of the district heat network with
sustainable alternatives

spatio-technical analysis
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[Figure 3.17]: District heat networks and projects in the South wing of the Randstad. Excess heat from port industry is used elsewhere in
the region. Also in urban areas heat suppliers are in place.(by author, based on: Tillie, s.d.; Province of Zuid-Holland, in: Bosatlas van de

Energie, 2012)
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- Create sustainable back-up sources for parts of the
district heat network

These alternatives can be geothermal wells, bio-
mass incinerators or heat from surface water com-
bined with Aquifer Thermal Energy Storage (ATES). Of
course, these alternatives could also be implemented
in urban areas that are not serviced by the district he-
ating network. The alternative can by chosen by as-
sessing which type has the greatest potential for that
particular area.

The region has also geothermal potential as autono-
mous source. As [Figure 3.22] shows, higher tempe-
ratures can be retrieved from 2000m and 5000m. The
highest temperatures can be found in the greenhouse
area, an evident heat-demanding region.

City: The Rotterdam district heat network

The current Rotterdam district heat network is the
most extensive network in the region and is depen-
ding on heat suppliers that will disappear in the up-
coming decades. Therefore the focus of the project
lies with the municipality of Rotterdam. The current
district heat network of the city [Fig 3.19]is scattered
across the city, but mainly covers the city centre and
the north-eastern suburbs.

One of the conditions of successfully implementing
a district heating system into a neighbourhoods is to
have a density of at least 30 dwellings per hectare.
In neighbourhoods with lower densities it is simply
too expensive to construct all the infrastructure and
the extensive pipe network creates a larger heat loss
during transportation. In the heating vision of the mu-
nicipality or Rotterdam [Figure 3.20] these suitable
areas are visible in large parts of the city. The focus
areas for the municipality are situated outside the
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concession areas and located in the northern suburbs.
These areas are well suitable for researching the pos-
sibilities of implementing the alternative - locally orga-
nised — systems.

i@ﬁ

{}

ﬁ@ o

heat network leaves large parts uncovered
->thermal energy from surface water

also in covered parts these systems can be imple-
mented

[Figure 3.18]: schematic drawing of combining the district heating network with locally organized sustainable alternatives

(source: by author)
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[Figure 3.19]: current district heating network of Rotterdam (sour-
ce: Tillie, 2013)
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[Figure 3.20]: district heating vision of municipality of Rotterdam,
showing areas with suitable densities within and ouside the con-
cession areas and the focus areas in the northern suburbs in the
non-consession areas. (source: Tillie, 2013)
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[Figure 3.21]: Principle of collecting geothermal energy (deep wells)
and ATES (relatively close to surface). source: IF Technology/TNO
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Subsoil potential

The region is already used for underground thermal
storage, but hidden deep lies a heat source.

The geothermal potential is very favourable for this re-
gion. The most potential areas are located underneath
the greenhouse area. This link has indeniable potenti-
al. The total potential for the Waalhaven is not as high
as the Westland. Still, underneath the Waalhaven 9 -
15 GJ/m2 can be collected [Figure 3.22]. Because the-
se wells can deplete, one has to take into account that
thrity years of use will require the well to recharge for
100-300 years. Therefore, a continuous potential over
a period of 300 years is calculated: 300 - 500 GJ/ha/yr.
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Figure 3.22: The diagrams show a potential for collecting geothermal energy in the region. A more focused image on the right
shows us that the geothermal potential underneath the Waalhaven is 9-15 GJ/m2 (source: Broersma et al., 2010)
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Municipal scale: Sustainable solutions: REAP

The Rotterdam Energy Approach and Planning (REAP)
offers a range of possible systems to make a transi-
tion to a sustainable urban thermal network. It offers
guidelines that help determine how to apply thermal
energy systems in the urban area, apart from the dis-
trict heat network that works on regional scale. The
approach to work with local sources also advocates
these small scale thermal systems to add on to the re-
gional network. REAP is a well-thought guideline for
this project; apart from working on different scale le-
vels, it not only addresses the subject of thermal sys-
tems, but it also looks at the other factors involved in
this complex process.

As mentioned before REAP works with the principle of
the New Stepped Strategy (NSS), a combination of the

Trias Energetica and the ‘Cradle-to-Cradle’ principle.
This means considering the three steps when transiti-
oning towards sustainable urban development:
- Reduce demand: efficient building materials and
installations, energy efficient orientation, efficient
distribution
- Exchange and reuse energy: cascading, exchanging
- Use sustainable sources: geothermal wells, solar
collectors, biomass incineration/gassing. This should
also be combined with the storage of thermal
energy, for example heat&cold storage or transform
into hydrogen.
The exchange and reuse of thermal energy is the most
contemporary part of the approach. On top of that,
it also most related to urbanism as it is about the in-
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Figure x11: : The different strategies for heating of existing buildings, according to the REAP2 (source: Van den Dobbelsteen et al., 2011)
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teraction between several buildings. The reduction of
the demand asks for a more architectural elaboration
and the use of sustainable sources is a more technical
challenge. Therefore, this project will focus on the ap-
plication of exchanging and reusing energy.

Local scale: Various energy strategies

In REAP2 (Van den Dobbelsteen et al., 2011) the au-
thors focus on the different strategies to heat neigh-
bourhoods. This can be approached by the traditional
heat district network or by more inventive individual
systems, cascading networks and exchange networks
or a combination of these systems. Each system is
described on the right page of this spread.

Before assessing the systems, it is important to know
that there are different demands for heat and cold
possible. For instance, older buildings have a lower
heat efficiency and therefore require warmer hot wa-
ter supply than a building that is being built today (Van
den Dobbelsteen et al., 2011). Subsequently, today’s
standard newly built dwellings need more heat than
passive houses. Also, different programme has diffe-
rent heat and cold demands. A swimming pool will
require a lot of heat, whereas a supermarket would
require a lot of cold.

This means for example for a cascading network a high
temperature pipeline runs from a swimming pool via
monumental buildings, old offices and contemporary
dwellings to passive houses. Then it is pumped back to
the supply station to recharge. Also, the large heat de-
mand typology - i.e. the swimming pool - can be linked
with programme with a high cold demand - such as
supermarket - and exchange their surpluses.



Individual systems: every cluster of buildings or individual
building provides itself with their own energy. This system
provides the greatest flexibility since there is no interde-
pendency. However, every individual system has to find its
place in the urban environment, taking care of its own heat
supply. Because each individual unit has to construct their
own hardware, it is an expensive option.

Exchange systems have less interdependency than casca-
ding systems. A central exchange module connects a heat
demanding source with a cold demanding source. The sys-
tem delivers the same temperature to both users, which
then needs to be heated or cooled individually.

The interdependency of both users can only exist as long as
both parties keep their position. When one party leaves or
changes its heat demand, the other party will be affected
by this.

Cascading systems are very interdependent systems. The
system is connected to a high temperature source. This
could be the district heat network, but also a geothermal
source or a biomass incinerator. Hot water flows from a hot
water user and becomes less hot. This can subsequently be
used by lower heat demanding users and so on. This sys-
tem can contribute to a more cohesive community, as all
the users are vital to keep this system running. Here also
lies its great disadvantage. Since the users are connected
serially, the change of just one user can make the whole sys-
tem inefficient, if not inoperable. Therefore, although it can
contribute to more social cohesion in the neighbourhood, it
is also vital to have the users strung closely together.

research & analysis

It is also an option not to change the current district heat net-
work and produce the heat from a renewable source. The cen-
tralized structure will remain along with the existing infrastruc-
ture, which makes it a more easily executable transition.

cascading machine

There is also a hybrid possibility; a combination of a cascading
system and an exchange system. This concept, called the casca-
ding machine, works with a central exchange mechanism, where
multiple temperatures can be distributed. The return stream
from a user is cascading to a lower temperature distribution to
supply users at that temperature level. This system can be con-
nected to the district heat network, but can also operate auto-
nomously. Because the system offers a range of temperatures
on which a user can be connected, the system is very flexible.
It is therefore not as dictating to urban planning as a cascading
system. The downside of the system is that every user or user
group needs a separate connection to the central supply station.
This results in an extensive pipe network.
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Determining system in Waalhaven

For a port area that will face a transition within the

coming decades, a sustainable energy system needs to

be determined. Factors that play a role in this process
are:

- The transition will take place gradually. This means
there will be a gradual shift in heat demand. The
thermal energy system needs to be capable to adapt
to these changes

- The transition means old buildings will be gradually
replaced by new buildings with better energy
efficiency. Together with the envisioned mix of
functions, there will also be a mix of different heat
demands. Also, as time progresses, technological
advance will lead to more energy efficient buildings.

-The pier structure makes a spatial division in the
landscape. Each pier could be one heat distribution
system.

The most suitable system for this area in transition
would be the cascading machine that services one
pier. This allows users to change relatively freely, wit-
hout affecting other users. At the same time the whole
pier as a community is supplied from one central sys-
tem. This makes it visible and understandable, crea-
ting more awareness on energy use.

The system would collect its heat and cold from the
surrounding surface water, storing heat in the summer
and cold in the winter, to be used half a year later. In
the intermediate seasons — spring and autumn — the
surface water has intermediate temperatures, that
can still meet cooling and heating demands. In these
periods, the storage wells could be bypassed and the
demand is directly gathered from the surface water.

Floating programme will not be connected to the cas-
cading machine. Although the system is suited to deal
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with changing programme, the position of floating
buildings is not always fixed and in fact a quality to this
typology. Also it has excellent access to surface water.
Therefore it can easily supply its own demands with a
small system.

Implementation aspects energy system in Waalhaven
Next, the chosen energy system is linked to the spa-
tial characteristics of the Waalhaven and the pier. The
energy demand and the energy potential are compa-
red in the Waalhaven.
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Water temperature

The surface water heats up faster in shallow waters,
however, this water is not suitable for collecting cold,
especially not during summer, when cold collection
is in progress. For cold, deep waters are needed. The
Waalhaven has deep port basins, especially the central
areas[Fig. X14]. These are ideal for extracting cold. The
heat can be extracted from the shallow parts. Howe-
ver, these are situated in the south, whereas the piers
are located north; a distance needs to be covered, or
the water depth in the northern basins needs to be
reduced.
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Figure X14: Map of water depths in Waalhaven and surrounding basins, showing shallow areas in the south
and a deep trench at the entrance of the Waalhaven (source: Municipality of Rotterdam, 2011)




When heating up surface water, the quality can beco-
me poor, dangerously unhealthy even. To prevent this,
flow and oxygen is needed. The tide could provide the
flow; oxygen can be provided by vegetation.

Categorization of temperature systems

Old existing buildings need high temperatures to be
heated during summer. Together with high heat de-
mand functions, such as swimming pools and hospi-
tals, they will be connected to a 90 degrees Celsius
pipeline, as this demand cannot be met by the surface
water.

Dwellings that are built today have a heat demand of
100 to 50 kWh/m2/yr. Today, newly built office buil-
dings can have a heat demand as low as 50 kWh/m2/
yr (Wisse, 2013). Both can be supplied with a pipeline
that supplies a medium temperature of 45 degrees
Celsius. Passive housing will be possible on a short
term, which requires only 15 kWh/m2/yr (DHV et al.,
2007; Lysen, 2013c). These buildings require a low
temperature supply of 30 degrees Celsius. This is still
a small amount of buildings, but other energy efficient
houses will be able to meet their demands with this
low temperature connection. Buildings in the future
will be built much more energy efficient. The assump-
tion is made that towards 2050 more buildings will be
able to meet their thermal needs with a connection to
the 30 degree pipeline.

It also needs to be noted that this heat demand only
covers for the heating of space, not warm tap water.
This demand will be supplied by each individual buil-
ding.

Thermal energy system for Waalhaven pier
The system that has been developed works as follows:
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The system that has been developed is seen in [Fi-

gure AA]. Itis in principle the cascading machine, but

with extra supply from the thermal energy from the

surrounding water. The system consists of the follo-

wing elements:

- a central distribution building

- a cold exchanger and distribution station, collecting
cold water and storing it underground

- a heat exchanger and distribution station, collecting
warm water and storing it underground

- distribution pipes across the pier in three different
warm temperatures (90°C, 50’C & 30’C) and cold
temperature (8'C)

- an external high temperature supplier: excess
industrial heat, biomass plant or geothermal
source

The system works as follows throughout the seasons:

Summer [Figure AAA-a]:

The large cold demand is met by pumping cold water
from the ATES and the deep parts of the Waalhaven
via heat exchangers to the distribution station.

The demand for warm water is minimal, but there
is plenty available. The warm water from the shal-
low water is therefore mostly stored by ATES via heat
exchanger.

Spring and autumn [Figure AAA-b]:

There is an average heat and cold demand. This can
mostly be subtracted from the surface water and via
exchanger directly supplied to the distribution sys-
tem. This means the ATES’s do not need to be de-
pleted during these seasons.
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Winter [Figure AAA-c]:

The large heat demand is met by pumping warm wa-
ter from the ATES and the deep parts of the Waalha-
ven via heat exchangers to the distribution station.
Here an additional external supply is delivered to the
system to meet the high temperature demand.

The demand for cold water is minimal, but there is
plenty available. The cold water from the shallow wa-
ter is therefore mostly stored by ATES via the exchan-
ger.

The developed system is different from the cascading
machine presented in REAP2. With the help of cur-
rently accessible high temperature sources, all the dif-
ferent heat demands can be met. This can be supplied
by the existing district heat network, but also from a
geothermal source. Until around 2050 the pipeline of
district heat network could be fed from the current
suppliers, but they will have partially disappeared by
then. The emergence of for instance a biomass plant
could take over this supply on a regional scale, but per-
haps even on a small local scale, such as a geothermal
source. The demand for high temperatures will decre-
ase as the more efficient future buildings will not be
needing the high temperature water. When this hap-
pens, the system might function autonomously on the
heat and cold it can retrieve from the port basin.

Heat and cold demand versus pier potential

To implement a system into the Waalhaven, one distri-
bution network is focused on. This project will elabo-
rate on the spatial and functional implementation on
pier 1, which is the first pier south of Stieltjesdijk.

To determine the possibilities of programme on the
pier, one has to deal with many variables, that are lis-
ted briefly:

summer

winter 1
:

Figure a-c]: 3 types of season makes the heat and cold collec-
tion work in three different ways (by author)



Figure XXX2: diagrams of building energy footprint (green) excee-
ding the limits of the underground storage footprint(purple). This
will cause interference with other wells if they are placed too close
to each other. (source: by author)
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Figure MT]: reduced footprint by direct cooling from surface
water. (by author & s.n., 2007)

- Due to new technology and better insulation
techniques, more energy efficient buildings will
emerge, which leads to a reduced heat and cold
demand in future.

- The diversity of programme with different types of

heat demand — different temperatures - makes it
difficult to calculate the exact values for a certain
programme

- To store the demand that is needed after making an
assumption for the demand in 2050, the footprint of
the well cannot be larger than the footprint of the
programme. In other words, the FSI should not su-
persede the footprint of the well [FigXXX2].

Many variables

Determining the potential and the size of the ATES is
relatively complex, since there are many variables in-
volved. The surface that it is occupying is related to
ground water speed, the thickness of the aquifer, the
number of aquifers on top of each other, the unba-
lance between the heat and cold well. This unbalance
is caused by the difference in heat and cold use, which
is due to the heat and cold demand of the built pro-
gramme. When this programme is also changing, the
(un)balance between heat and cold demand will shift,
which makes it even more difficult to determine the
size of the footprint.

Reducing underground storage footprint

The unbalance - and therefore the footprint - can be
reduced by compensating the surplus or shortage.
This is done by using the surface water of the port
basins. The possibility to use the surface water in the
intermediate season — spring and autumn — directly
for heating and cooling buildings without depleting
the ATES, has a reducing effect on the footprint. A case

research & analysis

study of the Maastoren, recently built three kilome-
tres upstream from the project location, shows that
implementing this system could drasticly reduce the
storage footprint ( s.n, 2007; Blankesteijn & Gerritsen,
2009). Using the additional surface water in heat and
cold storage also helps to minimize the footprint as it
restore an unbalance.

Evaluation of thermal system

The downside of the system that has been created to
be locally implemented, is the complexity of it. Apart
form the fact that it needs much piping, it could also
be cascading more simply. However, this will limit the
freedom of placement and change of programme.
This is one of the characteristics that has signified the
Waalhaven over the last century (Figure 1.??7?) and
should be preserved.
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Water management in the Rijnmond region

Urban deltas formed by success of their port activity
and connection to the water. Therefore the urban wa-
terfront is often characterized by a structure of piers
and port basins; blue fingers stretch inland, forming an
interwoven structure of land and water.

Water threat in Rijnmond-Drechtsteden region

The four scenarios developed for the Dutch urban
delta in the year 2100 (Deltaprogramma Rijnmond-
Drechtsteden, 2011) will have their effect on the spa-
tial conditions of the urban delta as seen in [Figure
SSSS].

The only certainty at this point is that more extreme
water levels will occur. The two main strategies to bat-
tle this threat is to either follow the robust path and
increase the reinforcements to withstand every sce-
nario, or try to coexist more with the water, giving it
more space and adapt ourselves to the changes made
by nature. There are also strategies that include both
elements, as the following Delta scenarios for the sou-
th-western Dutch Delta by Meyer (2010):

- Closed [Figure Ta]

- Semi-closed [Figure Tb]

- Strengthening dikes [Figure Tc]

- Open and extra floodplains [Figure Td]

These strategies need to be implemented on this le-
vel of scale to execute a well-functioning solution. This
also means it will have an impact on the landscape and
socio-economic activities in a large region and will af-
fect the decision making on local level.
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[Figure SSSS]: Four delta scenarios for
the Rijnmond-Drechtsteden region have
been spatially translated by Studio Ver-

meulen (source: Deltaprogramma Rijnmond
Drechtsteden, 2011)
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[Figure xx]: Delta scenarios for Rotter-
dam region, where the open scenario
with extra floodplains matches the re-

gional vision best. (source: Meyer (2010),
Dutch Delta: re-inventing Delta-urbanism, lec-
ture at Harvard University, January 28, 2010)



City port scale

On municipal scale integral visions on water in the
urban delta are created in Waterplan 2 (Municipality
of Rotterdam et al., 2012) In this second Waterplan,
the municipality of Rotterdam indicates the following
points of attention concern this project:

The city of Rotterdam should be an attractive city and
its character as water city and city on the Meuse river
should be advertised more.

The flood defences need to be strengthened to battle
the higher water levels in the future

Increasing precipitation will result in 600000 cubic me-
tres of water that needs to be dealt with. This trans-
lates spatially to 80hectares of extra urban surface wa-
ter needed in the municipality.

The question is raised how the city could be made at-
tractive and solve waterproblems simultaneously. The
traditional solutions for this issue have been found in-
sufficient

Whereas the north can strengthen its ‘singels’ and
‘boezems’ system, the south of the city needs a more
radical approach

More collaborations should take place between the
municipality, the water boards, water specialists and
urbanists.

City Vision 2030

Also in the municipal vision, the need and ambition is
shown for creating new solutions to keep a strong and
attractive city; a vibrant water city on the New Meuse
(Municipality of Rotterdam, in: Guit, 2011)

research & analysis

[Figure 3.4.1]: Map of Waterplan 2, sho-
wing a spatial translation of implemen-
ted water measures on a municipal scale.
(source: Municipality of Rotterdam et al.,
2012)

[Figurlé 3.ccc]: city vison of Rotterdam and the
attractive water city (source: Mun. of Rotter- 3 24
dam, in: Guit, 2011) : e 1\, ", £
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Pier 1: port and quay characteristics

The area for the urban design will focus on Pierl, the
pier just south of Sluisjesdijk. It has the characteris-
tic linear, rectangular pier shape [Figure QQQQ]. It is
currently occupied by warehouses, that help store and
distribute various goods, brought in by relatively large
vessels.

At first, the quays look to form a hard edge with the
water. However, more close-up images show the crane
tracks that form the north and south edge with the
water, are in fact concrete jetty’s built from a sloping
water edge [Figure WW]. The assumption is made that
these sloped walls are similar to Pier2, of which the
drawing is seen in the bottom left picture in [Figure
QQaQaqQl.

When redeveloping piers, restrictions are in place
when it comes to building close to the water edge.
Since the quay walls are not designed to withstand
the pressure of these new buildings, they could col-
lapse. This is therefore not recommended without a
thourough - and very expensive - re-enforcement.

[Figure WW]: sketch of assumed section of Pier1’s sloped quay wall
with crane track jetty (source: by author)
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source: Google'Streetyjew (2013)

source: Geolocation.ws (accessed october 2013)
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source: Gemeentewerken Rotterdam (1942)
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[Figure QQQQ]: collage to give an impression of the look and feel of Pierl’s occupation and quays compiled by author)
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4 conclusions

An overview of the results that will be taken along into
the creation of the design products is made:







/
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- regional vision
- strategy

- masterplan

- urban design

- visualization
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INntroduction

The design products are structurized
in the design products assessment ma-
trix. This shows the different scales ver-
tically and the disciplines horizontally.
This chapter will meander through the
matrix as the grey arrow in [Figure 4.0]
indicate. The disciplinary products are
combined per scale. Then, these results
are taken to a smaller level of scale, en-
ding up with the integrated urban de-
sign. From here, the details are shown
divided over the disciplines and visu-
alizations show the integrated spatial
result.
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[Figure 4.0]: scheme of result matrix, organising the design results.

(source: by author)




design products

regional strategy

4.1.1 Energy
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electricity from Scandinavia (NorNed)

electricity from Great-Brittain

[Figure 4.1]:scheme showing strategy for electrical energy regi-
onally and beyond, and thermal energy collected locally within
the urban environment (source: by author)

The Rijnmond-Drechtsteden region should make bet-
ter use of all the surface water in and around the re-
gion to power the urban delta.

Gaining electricity from surface water is only feasible
in the marine periphery of the region and when new
techniques will improve in future. Since electricity can
be transported over large distances, these large and
tedious installations can be placed far away from oc-
cupied area, where it is not considered a nuisance. In-
vestments should be made to find feasible areas for
tidal energy installations in the southern estuaries,
as well as algae farming. Wave energy can be harve-
sted from the north sea, together with the secondary
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water related energy source: wind power. Creating
energy islands such as Plan Lievense (SOURCE!!!!) are
not feasible, because peak demands can be met more
easily and cheaper by getting it from overseas.

The general strategy for the region will make a distinc-
tion between locally harvested thermal energy and
electricity harvested from the rural and marine pe-
ripheries of the region and beyond [Figure RE1]. This
is based on the energy loss of thermal energy when
transporting it over large distances, whereas transpor-
tation of electricity over large distances hardly invol-
ves losses.

arian dam

rural perifery

Yo w

P

This leads to a regional electricity network with inter-
national connections that is feeding the urban cores.
Within these cores thermal energy solutions should
be implemented. Exception to this rule is the residual
heat from the industry that can be transported by wa-
ter from the port area into several district heat pro-
jects in the urban cores.

The surface waters in the urban cores should not be
seen as merely a coolant — for instance to counteract
the Urban Heat Island effect — but also as potential
source of heat.
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[Figure 4.2]: an open system is chosen for the region to give more space to the water
(source: by author)

4.1.2 Water

The climate change will bring more water to the re-
gion. This water must have more space to find its way
back to the sea. This means implementing an open
system (Meyer, 2010). This seems to go against the
Dutch DNA of fighting the water and create (polder)
land. However, backtracking shows us that there was a
sustainable equilibrium in the pre-industrial era. Here,
nature was respected, with some areas protected by
dikes and others were susceptive to flooding. People
learned to live with the natural conditions. Unfortuna-
tely, this has also cost many lives when disaster struck.
However, with today’s technology, these areas can be
occupied safely as well, as long as it can adapt to the
climate changes and floods. The floodable areas are
determined by the vicinity of streams or rivers and the
subsidence of the land.

The north side of the New Meuse river will largely stay
as it is today. Dikes need to be heightened and streng-
thened to withstand water levels of over NAP+4m.
These water levels can be reached up river in 2100
during a storm surge. The south side will also need
to strengthen dikes, but also requires the installation
of overflows to inundate low-lying polder land during
a flood.

The precipitation can be drained easily in outerdike
areas, but the inner dike areas need to invest in buffer
zones that can retain water during extreme precipita-
tion levels. These bufferzones can be realised relati-
vely easily in the rural areas, but smart solutions are
needed to implement extra buffer capacity in a clog-
ged-up urban environment.

By creating more space for the water and create more
retainment areas, the water is changed more into
land. This is perpendicular to the current strategy of
changing land into water.
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[Figure 4.xxx]: urban development vision of the south wing of the Randstad as a city network in which water way connections play a more
important role. Also two main zones defined (knowledge and industry) that meet in the city of Rotterdam. (source: by author)

4.1.3 Urban development

The project area forms the main part of the south wing
of the Randstad, one of the most economically impor-
tant regions of The Netherlands. The area is already
developing as a city network and should continue to
do so. The network connections via water ways should
be intensified.

The Dutch tradition of compact built urban clusters
that are well connected will also be the standard for
the coming decades. This means, amongst others, that
studies for developing new programme should predo-
minantly take place within the city limits.

The development of the industrial axis (secondary
economies) along the river and a knowledge axis (ter-
tiary economies) from Rijswijk into Rotterdam — also
envisioned in the ‘Stadsvisie 2030’ (dS+V, 2007) and
Structuurvisie Stadshavens Rotterdam (Municipality
of Rotterdam, 2011) — will be stimulated. Water ways
could also play an important role in this development.
Both zones will overlap in the city of Rotterdam. The
secondary and tertiary economies in the region should
create an active and innovative, cutting edge economic
region that can compete with the best in the world.
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4.1.4 Integrated strategy

When combining the three visions for the disciplines
an integrated regional strategy is made. To establish
the integrated results on regional scale overlap in the
three layers need to be found. In the absence of an
overlap the different interests are assessed and the
choice will be motivated.

[Figure RC 0.1]: envisioned principle of not just cre-
ate land in the water, but also create water on land.
This will offer an increase in buffer capacity and
new possibilities to use the thermal advantages of
this water, as well its infrastructural and aesthetic
strengths, but also economic advantages. It will cre-
ate a landscape reminscent of pre-industrial ages ,
but it should create more resilient areas. (source:
by author)

i 4 programme

buffe: inundation area
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ustrial
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Open Eystam d) [Figure RC1]: regional strategy, determined by
e sl combining three disciplines of energy, water

management and urban development. (source:
by author)
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- Land in the rural areas could be permanently inun-
dated is stead of only during floods. When more land
is permanently inundated to create a larger buffer ca-
pacity for extreme water levels, this surface water can
be used for collecting thermal energy for programme
developed on or close around it. This programme
could be dwellings, but also agriculture. By re-thinking
the possibilities of water agricultural processes can be
made more efficient when it is transformed to aqua-
culture (Deltasync, 2012). [E+W+U]

- Since the most urban expansion is planned to take
place within the current city limits, the abandoned
city ports are interesting areas for newly developed
urban programme. Since these areas are outer dike
areas the programme and the urban plan will need
to be adaptive to possible flooding. This also matches
with ‘making room for the river’. On top of that, these
city ports can be fitted with a new energy system rela-
ted to the surface water it is situated next to. [E+W+U]

- The area will be developed as a city network. This
means well connected dense urban cores and open
area in between. This works in favour of the thermal
energy supply that works best in local decentralized
systems. Also, the open area between the urban cores
is maximised in this strategy. This increases the search
area for inundation and to give more space to the wa-
ter. [E+W+U]

- Electricity can be collected from the rural and marine
peripheries of the region, where the forces of nature
are strongest and the nuisance is minimal. In contra-
diction to the sustainable equilibrium, electricity is a
modern source that can be generated sustainably but
not necessarily used locally. It can even be retrieved
from overseas.[E+U]

- Collection of thermal energy should be developed
urban areas. This is the best combination between
surface water and energy and as the systems is the
water’s best feature and the systems to collect it take
little space. In the periphery of the region the scale of
the systems can be increased and the other features
of the delta waters are more suitable to extract electri-
city from. These landscapes are also suitable for wind
parks and ‘energy storage lakes’. As it can be transpor-
ted over large distances, electricity will be generated
in these peripheries, but peak demands can even be
met with electricity from abroad. Electricity can be
generated in urban areas, but on small scale via PV-
panels.[E+U]

- An open water system will require extra flood de-
fence measures in urban areas along the rivers and
estuaries. This call for new spatial solutions, who can
be combined with the urban design solutions needed
to combine the zones of tertiary and secondary eco-
nomies in the municipality of Rotterdam. The Waal-
haven, in the middle of these activity could be an im-
portant economical engine for the region, but also to
showcase spatial solutions for a sustainable flood sus-
ceptive urban area. [W+U]

envisioned principle of not just create land in the wa-
ter, but also create water on land. This will offer an in-
crease in buffer capacity and new possibilities to use
the thermal advantages of this water, as well its infra-
structural and aesthetic strengths, but also economic
advantages. It will create a landscape reminscent of
pre-industrial ages , but it should create more resilient
areas. (source: by author)
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city ports vision

The regional strategy shows the municipality of Rotterdam and its city ports as the heart of the region. Therefore 4.2.1Energy
the focus will be on these city ports and a vision is made. Once again, this is done by envisioning each discipline at

. . B ! L . The current developments on creating a district
this scale separately and subsequently combine these three into an integrated vision for the city ports. P &

heat network connected to industrial excess heat
with not be in vain as this system can coexist with
sustainable local systems (see also [Figure x9]). The
implementation of these systems can occur in areas
that are not covered by the district heat network.
) i , The thermal energy networks that use the surface
BO%. ! NPt ANEE ’ water as source need to be in the vicinity of the wa-
ENRN P BN WL I o , ter. In this project the assumption is made that the
: . maximum distance is 500 metres (based on Tech-
‘ . . niplan (2012)). Outside this area, thermal energy
£ AN . @ OSSN projects are by all means possible, but the storage
\ capacity cannot be reduced by using surface water
in the intermediate seasons.
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4.2.3 Urban development

e The city ports will be developed as urban living and
recreating areas as the industrial activities gradually
move to the west. The Waalhaven is situated at the
border where urban area and industrial area meet.
This large port will therefore be redeveloped as a more
industrious port; there will be urban development, but
it will be combined with production and knowledge in
light industry, businesses and offices.

e The trend of developing dense urban area along the
river banks is continued towards the west, replacing
industrial programme that is moving out of the city.
This extended high density zone is also connected to
a new metro connection. A new metro route is being
studied by the municipality, but the main concept is to
connect economic centres on the south bank to the
north bank, forming a half circle around the city centre
[Figure MU2].

e Following the dense urban area, a slow traffic route
is created along the south bank to connect the activi-
ties at the Wilhelmina pier surroundings to the RDM
Campus. This area will be developed as a similarly at-
tractive cluster. It will be characterized by educational
programme and research facilities. The main car traf-
fic will be situated more inland, following the route
around the city ports.

¢ Possible functions - besides urban functions, such as
dwellings, shops and facilities - for the transition area
between urban area and port in the Waalhaven are:
port and water related offices; marine knowledge (co-
herent with Stadsvisie Rotterdam 2030 (dS+V, 2007)
and Structuurvisie Stadshavens (Stadshavens Rotter-
dam, ), but also more sustainable possibilities:

o cradle-2-cradle disassembly and reassembly
o] agriculture/ aquaponics
o the construction industry of floating buildings

These functions fit the area perfectly. They are show-

casing 21st century industries and create job opportu-
nities for the problematic neighbourhoods in Rotter-
dam-south, that deal with high unemployment rates.
Most of these jobs require low skill levels, which ma-
kes them accessible for uneducated.

¢ The city port landscape has many kilometres of wa-
terfront. This aesthetic value should be rated to its
value. Attractive and accessible waterfronts should be
created. Programme situated along shores should be
more oriented more towards the water to make the
banks more appealing and accessible. This also means
accessibility via water.

e When urban programme is placed in the outer dike
areas, the dikes separating inner dike and outer dike

[Figure CPU2]: municipal vision on connecting economic centres a

south bank (source: municipality of rotterdam, s.d.)

Cross
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urban tissue should become less of a barrier but more
a connector between both areas. This can be done by
o placing programme in the dike or mask flood de-
fences by placing them inside buildings
o reduce the slope by creating delta dikes
o make the dike an attractive public space for both
sides
o create elevated public space

e The waterways will be used more for transport of
people. It will form a blue highway through the city, ta-
king you from one city port to another. This is also why
the urban tissue expands ,more along the river, while
the industrial area is located closer to the highway to
transport goods by track.
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[Figure MC1]: integrated vision of the city ports on municipal scale (source: by author)




4.2.4 Integral strategy

The area in which one can use surface water as ener-
gy source is roughly the same as the outer dike area.
Buildings in this area could therefore be thermally
powered by decentralized local clusters and these sys-
tems should be resilient to flooding. Being more water
oriented in outer dike areas will also be translated spa-
tially in organising programme thusly, that it is more
oriented towards the water. Since there is no need for
buffering precipitation in the outer dike areas, the roof
space can be used for energy collection (PV or solar
heat collector). Urban agriculture will take place at
ground level in public spaces. [E+W+U]

The pier and basin landscape that characterizes the
city ports causes a spatial segregation of small areas.
This is convenient for the division into smaller com-
munities to organise an energy system, but also an
evacuation route. This structure also creates much
shoreline. This allows many buildings to be situated
near or at the waterfront and therefore could be easily
reached by boat, but also collect the water for thermal
energy systems. [E+W+U]

The most densely build areas are likely to have the hi-
ghest cooling demand as this will have the most office
space located near the New Meuse river. This can pro-
vide the most potential cold and can therefore meet
the local demand. [E+W+U]

The industrial activities move out of the city ports to-
wards the west and urban programme will take their
places. The new urban edge will be formed by the wa-
ter of the Waalhaven and the Merwe-Vierhavens. This
new programme will still have a strong connection to
the water and therefore the pier structure will barely
change. There will be space for experimental aquatic
building. Also, the dimensions of the Waalhaven are
less suitable for creating comfortable urban environ-
ments, whereas the dimensions of city ports like the

Maashaven and Rijnhaven are more suitable for urban
projects.[U+W]

The programme in this new edge between urban and
industrial will have diverse programme and forms a
powerful engine for the economy. The Waalhaven - on
the junction of the knowledge and the industrial axis
- should be hosting job opportunities for the well edu-
cated (marine technology) but also for the less edu-
cated and less wealthy. The south of Rotterdam has
a relatively poor community with many nationalities
and relatively high unemployment rates. The Waalha-

o
3
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p
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ven offers a vast area in which there is plenty of place
to start simple businesses or to do labour that requires
little skill. This is for instance: urban agriculture and
aquaculture, ‘C2C’-industry (disassembly and reas-
sembly of used products) or in the construction indus-
try of floating buildings.[U+W]

The division of the urban tissue created by the dike
will be reduced by local spatial solutions, such as delta
dikes and programme within the dike.[U+\WV]
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[Figure MC2]: visual comparison to show overview of the three disciplines in the urban
delta with outer dike and inner dike area (source: by author)
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Waalhaven master plan

4.3.1 Energy

The pier structure advocates the implementation of a
local thermal energy network per pier. The surface wa-
ter can be approached from almost all around the pier.
This gives much freedom in the spatial planning of the
distribution network; the installations will always be
near to the water. The west ends of the basin will be
less under the influence of the tidal movements in
the port and will be slightly warmer. The deep areas,
where the cold water is situated is are in the centre of
the Waalhaven.

High temperature is provided by an external source
via the pipeline that runs close to the Waalhaven. This
heat is provided by port industry, but could be chan-
ged in future. To be autonomous, geothermal wells
can be implemented in the Waalhaven to provide the
high temperature. One doublet will cover an area of
1 by 2 km and will deplete at some point. Therefore a
connection to an external centralized supplier is most
efficient in the long run.
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- collecting warm water
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As the buildings in the Waalhaven will have an alterna-
tive thermal source and will be less heat demanding,
the main orientation of the district heat network is
towards the inland urban area of Oud-Charlois. These
dwellings are not very energy efficient and therefore
have a larger heat demand.

hbvomass incinerator; high teperature
supplier

= existing: Port City

————
0 500m @
N

Between the piers — in the port basins — low dense
aquatic programme is thermally autonomous. Becau-

/-\ [Figure WE1]: se this programme is not connected to a network, it is
possible to make very flexible programme
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[Figure WW1]: Water masterplan of Waalhaven (source: by author)
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4.3.2 Water

The branched structure of port basins makes most of
the area accessibility over water. The central axis will
remain deep to allow access to large vessels.

The finger structure of piers and basins also make a
very long waterfront. These high quays need to grant
better access to the waterfront.

The water quality needs to be increased in the ends of
the port basins. Therefore, water plants will be intro-
duced. However, they need more shallow waters. This
results in reducing the depth of the end of the basins.
In the southeast of the Waalhaven the shallow areas
already exist. These will remain shallow to allow vege-
tation to grow.

The pier structure makes a clear linear escape rou-
ting per pier possible. This simple arrangement makes
orientation easy. The escape route should be elevated
along the pier.

The escape routes will lead onto a delta dike. Because
the open system can lead to high water levels excee-
ding the NAP+4 m, the delta dike needs to be at least
NAP+6 m taking in account all the safety margins.

The deep waters are not suitable for the currently avai-
lable floating buildings. When technique evolves, this
might be possible in a later stage. Current options for
the programme in the deep water of the Waalhaven
can be realised by placing an oil rig and redevelop this
for urban or light industrial purposes in the city port.
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4.3.3 Urban development

Urban programme

The highest building densities will be placed along the
shores of the New Meuse river; this concerns the Stiel-
tjesdijk and RDM campus. The lowest densities will be
on the southern piers of the Waalhaven, where a re-
creational area will be realised. This is connected to
the green areas of the Zuiderpark area.

The Waalhaven can be divided in two; a western part
and an eastern part. This is spatially determined by a
dividing strip of water and the difference in angle of
orientation of the piers. The urban programme in the
east of the Waalhaven will consist of offices, dwellings,
light industrial programme and businesses, but also
recreational areas. The west side remains industrial
area.

The western parts of the pier will be closest to the in-
dustry and to the river. The western parts of the piers
on the eastern side will be characterized by the more
industrial programme. The eastern side will need to
connect to the urban tissue by matching programme.

Connectivity

A bridge will connect the Stieltjesdijk and the RDM-
campus. This will allow slow traffic and a tramline to
continue their path along the riverbank through the
dense urban zone.

The industrial areas will connect more to the port in
the west and the highway A15. The urban areas will be
oriented to the waterways with more aesthetic value
and the shortest route to the city centre.

A new metro station on Stieltjesdijk will connect north
and east. It will be part of the circular line connecting
the economic centres in southern Rotterdam. The sta-
tion will service the dense cluster on Stieltjesdijk.
From near the proposed metro station connections

across the port basins is made, perpendicular to the
direction of the pier. These connections are for slow
traffic and make the piers more connected, now it is
changing to an urban area.

The eastern edge of the Waalhaven is determined by
a dike, that will be upgraded to a delta dike. By incre-
asing the height, but more importantly the width of
the dike, it will ‘protect and connect’ the Oud-Charlois
district. The delta dike will be mainly green, but with
urban programme that will connect the urban tissue
of Ouc-Charlois to the Waalhaven. Also the existing
infrastructure will be extended on to the Waalhaven
piers.

Aquatic programme

The water in the extension of the piers is available for
aquatic buildings (floating or elevated) in similar den-
sities as the pier. This will be realised in a later phase,
when the piers have been fully redeveloped. The strip
of water is over a hundred meters wide and can also
host a strip of aquatic building. To respect the open
character of the port basin, this will be done in low
density and a small amount of layers.

In the south, where water are shallow, there are more
suitable locations to place floating programme. In this
area it should match with the green recreational cha-
racter, therefore, the programme will be placed in low
densities, allowing to recreate around the floating pro-
gramme.

The south-oriented quays will be developed as attrac-
tive public space with port identity. In this area origi-
nal buildings will be preserved and reused. Some of
the existing port cranes can remain to give more cha-
racter to the public space.

design products

Elasticity

The elasticity that has characterized the Waalhaven
over the last century will also be visible in these deve-
lopments. The gradual transition will change the look
and use of the Waalhaven over time, resulting in chan-
ging outline shapes. However, it is very expensive to
change and rebuild quay walls. Therefore, it is envisi-
oned that the current form will remain for the coming
decades. The change will predominantly take place in
the new fronteer: aquatic building. With building up
the designated zones, new dimensions of the surface
water will be shaped, that are more coherent with ur-
ban typologies, such as canals. Also , the role of the
north-south connections will contribute to shaping a
new orientation in the Waalhaven.

The southern part of the Waalhaven could contribute
more to its elastic legacy. This more green, low-dense
area with shallow waters could be partially removed
form its current hard water edge and create a more
subtle, natural shoreline. With an expansion of the
elevated infrastructure, the shape of the ground level
could become barely significant to the functioning of
the area. It could therefore change regularly without
having a major impact. Even more elasticity is brought
by floating programme, which can be placed and chan-
ged in a short amount of time.
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[Figure WC1]: Masterplan of Waalhaven (source: by author)

[Figure WC2]: section AA; north-south section of Waalhaven (source: by author)
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4.3.4 Integrated masterplan

The zoning plan for the Waalhaven is formed by com-
bining the three disciplines. The Stieltjesdijk will have
the highest density as it is part of the linear dense
zone along the New Meuse river. It will have many of-
fices with a relatively large cold demand. The river is
a more efficient source for cooling than a port basin.
The two pier south tof the Stieltjesdijk are less dense.
This is because they are not on the main routing along
the shore, but also to better connect to the archetype
of Oud-Charlois and the Waalhaven. The delta dike
should also contribute to making a better connection
between city and transitioned port.

Since the south-eastern part of the Waalhaven is more
shallow and can be connected to the green zone in the
Zuiderpark, this area will be more characterized by the
green and is most suitable for floating programme.
Here also a soft approach can be used, where quays
disappear and nature can influence the landscape.
The floating buildings have easy access to the water
and therefore can be thermally autonomous. Also
around the piers 1 and 2 study areas are indicated to
place aquatic building. The water depth is considered
too deep for the current techniques. Therefore, this
can be placed in a later phase.

The western side of the Waalhaven will remain part
of the industrial zone. After short seas shipping this
area will also be used for construction and C2C-indus-
tries. The RDM-campus and its surrounding area will
be transformed to an urban zone. This area will be a
hosting a knowledge cluster and forms the end of the
slow traffic route and dense urban tissue along the
New Meuse river.

The identity per pier is already made possible spatially
by having the piers separated by water. This separa-
tion helps in organising local energy networks as well

as evacuation schemes. Also, by making the energy
system more visible on the pier should contribute to
creating more unity and identity.[E+\W+U]

There will be connections for slow traffic made
between the piers. First, the eastern connections
across the water are implemented, as the urban re-
development of the port area will start from the other
urban area. As the transition of the piers progresses
the western connections will appear. These connec-
tions are also part of a flood-safe route through the
Waalhaven. Therefore, these connections will be ele-
vated above the water, but also above the piers. This
makes crossings with ships and cars possible.[\W+U]

The southern oriented quays of the piers are develo-
ped to exploit the quality of its ‘sunny’ public space
with characterizing elements. As it will be a pleasant
place to stay the connection with the water should be
improved as well.[\W+U]

The largest heat potential in the surface water of the
Waalhaven can be found in the areas that are shallow
and/or have slowly moving water. This can be found
in the south-eastern part of the Waalhaven and at
the tips of each port basin. This can subsequently be
linked to the programme. When buildings need signi-
ficantly more heat than cold, they should be located
near these areas. This includes for example housing
and farming. It also works the other way around; pro-
gramme with a relatively high cooling demand, such as
offices and shops, should be located near the coolest
water, which will be in the New Meuse river and the
deep central axis of the Waalhaven.[E+W+U]
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Opposing (and therefore matching gradients can be
seen in the Waalhaven [Fig. WH1], where the gradient
of the water temperature is opposite to the building
density. The cooler waters in the northern waters can
provide the cooling demand of the dense urban zone
at Stieltjesdijk, whereas the southern low-density pro-
gramme - in warmer waters - needs less cold water.
[E+W+U]

The heat demand will also change in time. As the in-
dustrial programme leaves, new, more energy-effi-
cient buildings will take their place. This means the
demand for high temperature water will be reduced.
The district heat pipe, running close by the Waalhaven
can therefore be initially important, but its requested
heat supply will reduce. Other, locally produced high
temperature water, will be used instead to supply the
small demand.[E+U]
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[Figure PE-1]: envisioned measures within the discipline of energy management (source: by author)
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4.4.1 Energy

The pier will form a local thermal energy network,
which is almost autonomous. The system explained in
paragraph 3.3 is spatially implemented on to the pier.
This puts it in between the cold water and the warm
water supply stations, making the transport equally
long. . The cold exchange station will be near the deep
waters in the west and the heat exchange near shal-
low waters in the east. In their surroundings the heat
and cold is stored underground.

From this machine, the warm waters and cold water
is distributed across the pier to the designated user.
Each temperature level will have an outgoing pipeline
servicing the need and a returning pipeline supplying
a cooler temperature level in the cascading machine.
This distribution will take place along a central axis
over the length of the pier.

These distribution pipelines should be accessible so
that when a transition in the programme takes place,
a quick alteration to the pipelines could facilitate the
new situation.

The storage systems will consist of an exchanger and
switch to charge, discharge or bypass the ATES. These
systems are located near their sources on either end
of the pier.

There should be a possibility to bypass the distribution
station to supply high (or low) temperatures to special
users, such as a supermarket or a swimming pool. This
programme will be situated near the heat or cold ex-
change station.

The heat and cold yield from surface water is incre-
ased by taking water from either deep port basins or

by shallow waters to gain respectively cold water (8'C)
and warm water (25’C)

The maximum yield from heat collection can be ensu-
red by making the sun hit the surface water throug-
hout the day. The assumption is made that the sun
should cover two-thirds of the surface at 18:00 hrs on
September 1st. This means an angle of impact of 14
degrees (Giesen, 2013).

Buildings

Apart from sustainably generated energy, the New
Stepped Strategy also indicates that the demand
should be as minimal as possible.

The thermal energy loss will be reduced by making pla-
cing programme that answers to the latest demands
on sustainable building. To prevent thermal loss of
buildings, they should be built compactly. Obviously,
they should also be equipped with thorough insula-
tion of wall and glass and furthermore, have energy
efficient equipment.

The building orientation for reduction of heat demand
makes no difference whether building blocks are
oriented south or south-west. However, for lighting
it does matter; therefore southwest is preferred (Mo-
rello et al., 2009).

The cascading machine will distribute the heat and
cold to the buildings on Pierl from a central position.
From here the numerous pipelines will distribute the
different temperature levels across the pier. The cold
exchange station will be near the deep waters in the
west and the heat exchange near shallow waters in
the east. In their surroundings the heat and cold is
stored underground.

design products
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4.4.2 \Water

The pier is situated in outer dike area. This means for
instance, that the area does not need to retain preci-
pitation; it can be drained directly into the port. This
also means that the rooftops and public space do not
need retention systems implemented, which is valu-
able space that can be used for other purposes, such
as energy collection and recreation. However, water
retention systems could still be implemented for gray
water systems, that help save (drinking)water.

In the year 2050 it is assumed that water levels could
reach a mean high water level of NAP+3.85 witha 1in
10.000 year chance (Veerman, 2008; Kokhuis, 2013).
This means water levels will rarely be life threatening,
but very inconvenient indeed.

Flood protection

The central strip of the pier will be having an elevated
core on poles, from where a path runs along the pier
guiding people to safety behind the dike. This parallel
escape route is connected to the other piers by per-
pendicular elevated connections across the port bas-
ins, making the area better connected and offer more
access possibility to flee to higher ground.

The ground floor of this central strip will be suscep-
tible to floods. Therefore, it will be either built dry
proof or wet proof, depending on the damage that can
be brought to the elements behind the facade. Also
disaster mitigation is applied by demanding installa-
tions as well as bedrooms to be situated on the first
floor or up.

The renovated warehouses are also susceptive to
flooding. They will host mainly programme to what
the water can do little damage. A floor can be built
in to the eight meter high building to store electronic
equipment and building installations. These buildings
will be mainly wet proofed, some will be dry proofed

according to the programme they host. Floating pro-
gramme docked alongside the pier will rise with the
water, so will not be damaged by the water. Further-
more, it could also function as place of refuge in case
of a flood.

Accessibility
The long waterfront around the pier has different cha-
racteristics of the transition from land to water.

The quay wall can be lowered , bringing people up to
the water line. This means breaking down the quay
wall, which usually causes construction problems, as
quay walls are complex structures. It is therefore not
recommended.

High quay walls combined with deep waters allow re-
latively large vessels to reach the pier and dock. This
helps providing the industry and retail with goods via
water oriented transport.

The high quay wall can remain and from there a ramp
connects the land to a floating platform, that allows ac-
cess to the surface water.

Floating development can be placed against the quay
wall. This development has multiple levels allowing to
enter the building at the first floor and decent to find
water access at ground level.

The pier also should use the deep waters in de surroun-
ding port to be accessible by large vessels. This can be-
nefit the industry. However, moving these ships far up
the basin towards the east is not possible, because of
shallower waters, but also designated zones for floa-
ting development. Placing this on the water helps ma-
king the vast water surface into urban dimensions.
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4.4.3 Urban development

Pier zoning

The central linear strip will be used for new buildings.
Through the middle of this zone, an elevated linear
route runs towards the delta dike. The buildings are at-
tached to this elevated public space. Around this block
a road forms the separation between the build up
blocks and the outer ring of open public space. Here,
the preserved and renovated warehouses give cha-
racter to the zone, but should keep an open charac-
ter to the waterfront. This means a selection is made
on what warehouses to preserve. This is for aesthetic
purposes, but also practical; quay structures cannot
bear the heavy load of extra buildings if they are built
too close to the quay wall, without severe — and very
expensive — fortifications. This excludes of course the
already existing warehouses, as their load has pro-
ven no problem to the current quay. All development
on the quay will therefore be compact and light. The
most of the waterfront consists of crane tracks that are
constructed to the land as a jetty [Figure DU-0/DW-x].
These are founded constructions and could bear some
load. The cranes on these tracks will partly remain, as
it gives the area its character.

The port basin is 100 — 130 m wide. This is not a very
urban dimension. Therfore zones in the water are in-
dicated, were floating programme can be added. This
also gives great opportunity to help the region change,
because new programme can replace obsolete deve-
lopment simply by floating the old one out and the
new one in. This can be seen as changing the appli-
cations on a smartphone (Waterstudio, 2012) [Figure
DU-1].

Programme
The buildings on the open, low lying zone, are desig-
nated to host small enterprises and start-ups, mainly

in the cultural and leisure sector. The middle zone
should have a mix of functions. In this mix, a gradient
between the eastern and western side of the pier is
visible; from urban programme in the east towards
more industrial programme in the west [Figure DU-0].
The elevated public space provides the buildings with
a second plinth on a different floor. This could bene-
fit the mix also vertically. This elevated public space
forms a more enclosed space, contradictory to the
open waterfront. This contrast needs to be vouched
for in the development of these building blocks con-
cordantly their functions. In other words, shops and
public services should not be drawing the crowds to
this area. It should give access to predominantly dwel-
lings and offices; the occasional hospitality or small
shop is allowed.

Building height

Pier 1 will be built up with urban densities. This means
working with an FSI (Floor Space Index) around 1,0.
Also the number of layers will be limited. There will
not be too many large shadows casted to keep day-
light available for most buildings and also the quays.
The number of built-up layers will be mostly between
3 and 5. The building height should vary regularly to
show multi-form building blocks. This also means that
building heights of 6 or 7 layers are occasionally allo-
wed.

Routing

The pier will have a car route from the main road — the
Waalhaven Oostzijde - going round the pier. This gives
access to both quay programme as the programme in
the central strip. The ground floor of this strip will be
mainly parking and storage space.

Where the car is limited in its routes, the slow traffic
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- predominantly pedestrians - have great freedom of
movement. On ground level a waterfront promenade
forms a wide continuous route, meandering through
the Waalhaven. This network is via ramps and stairs
connected to the elevated network, which forms the
flood proof escape route of the outer dike area. This
route forms the central public space in between the
buildings. Perpendicular to this route along the pier
are two pedestrian bridges; one halfway down the
pier and one at the end. These bridges form the con-
nection to the other piers, shortening the distance
when travelling from one pier to the other.

Quays

Since the exact calculation for the distance to the quay
wall and the amount of load to bear, is not a field of
expertise for this project, the exact rules are unclear.
Since the concept is to keep an open environment al-
ong the waterline, the quays will have no extra heavy
loads to bear. Small pavilions are allowed. Larger pro-
gramme along the waterline will therefore be placed
in the water. Thusly, it can also form a connector
between the high crane track jetty and the water surf-
ace. Beacause these jetty’s are preserved, the water
accessibility needs to be increased by creating aquatic
public space - either on poles or floating - connected
to the quays. This allowes a better experience and use
of the surface water.
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Preserved buildings

The following selection is made for the preservation of
buildings. Most of them are warehouses that all look
very similar.

The warehouses should, together with the cranes con-
tribute to the more industrial feel of the pier. The open
waterfront should therefore show similarity in mate-
rial and look; warehouses along the water and open
space in between, materialized with concrete, steal
and brick.
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[Figure DU-2]:overview of buildings that will be preserved in the urban design

(source: Google maps, assembled by author)
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[Figure DU-2]: schematic overview of phasing between
2030 and 2050 towards 2100 (source: by author)

Phases of transition

As the redevelopment of Pier 1 is a transition progress from industrial to urban, it will not happen overnight. The
plots will most likely become vacant at different moments in time. The exact end of the current contracts at Pier
1 could not be given for this project, but the current contracts on the Waalhaven-East and Stieltjesdijk will end
between 2020 and 2035 (De Vries, 2013). The energy system chosen for the pier is very suitable for these transi-
tions, but how to approach this from a spatial-functional perspective?

Firstly, the directions of development should occur in western direction, because this area is situated closest to
the existing urban area.

Phase 1 [Figure DU-2a] :

Opened up areas on the pier can be turned green. Soil examination should determine whether this can take place
in the pier’s soil or on top of it (when pollution is indicated).

Green areas can function as recreational, but also as agricultural land. Here, people from the surrounding neigh-
bourhoods could be given the space to start urban farming or gardening.

Phase 2 [Figure DU-2b]:

Urban programme is being developed in the middle strip of the pier. The temporary green that was situated here
before, will reappear elsewhere on the pier. Also warehouses in the open zone are assessed and renovated. More
industry disappears and is turned to green.

More temporary programme can be implemented onto the pier when more people are attracted to the Waalha-
ven-East. Possible options are shown in [Figure DU3].

Phase 3 [Figure DU-2c]:

The majority of the pier is currently under redevelopment. The pier hosts definitive programme in the eastern
developments, characterized by mainly dwellings and offices. The waterfront is developed concordantly. The mid-
dle section of the pier is still a mix of businesses, temporary programme, green plots and light industry.

Phase 4 [Figure DU-2d]:

The pier nears its full transformation. More plots in the west are filled with durable development. The industry
here will slowly be replaced by small businesses that benefit from their location at the waterfront, accessible by
small cargo vessels. The routing along the waterfront is fully developed, making a continuous promenade along
the pier. Also floating — flexible — programme can be placed at the waterfront, accessible from the promenade.

Phase 5: [Figure 2e]:

The new frontier in this phase is expansion of urban programme along the extended line from the pier towards
the west as industry is moving more and more to the west. This requires new technology and will not occur before
2050.




possible temporary programme

The transition will come with unoccupied plots. Here,
temporary programme can be placed. This could be
occupying the plot for a few months, but it could also
be around a decade. Temporary programme should
make an industrial port area more intrersting for the
inhabitants of Rotterdam (and perhaps even from out-
side the city). Events and recreation, but also jobs and
schooling should lure people towards the Waalhaven.
This temporary programme should also contribute to
the community feeling and should support the bot-
tom-up initiatives.

The advantage of the port area is that floating pro-
gramme can easily be towed in and quickly replaced
by new programme when the demands change.

Some examples of temporary programme are:
- agriculture

- sports

- events, fairs, concerts

- studio space, start-ups

- temporary housing

- recreation, gardens

- education

In a transition area, temporary programme will also
mix with definitive redevelopments. It should contri-
bute to a more pleasant and more vibrant urban area,
that is in the making.

prinzessinnengarten.de
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4.4.4 Integrated urban design: aqua-thermal
redevelopment

4.4.4 Integrated urban design

Triple gradient

The programme on the pier will be an integration of
disciplines. The western end of the pier will host in-
dustrious logistic functions, that can be linked to trans-
port over water. These buildings will be in between ur-
ban functions and the industry that can be witnessed
across the water in the west. This requires accessible
quays and deep waters. These deep waters are suitable
for cold water collection and the cold exchanger is, as
said before, situated at this same end. This way, it can
also supply cold water directly to peak cool demands,
such as cooled storage units or industrial activities.
Also, a more urban programme can be placed here
as well, when the transition continues. A large super-
market, a food court or even a theatre or convention
centre needs cooling and could be accessed by boat.
The programme would attract also people from land
and will create a flow of people up and down the pier,
preventing it from becoming a slightly desolated area.
Dwellings and offices will be on the more urban side
of the pier, connecting more to the urban programme
in Oud-Charlois. In this more urban programme the
larger public space comes to justice. Here the water
depth is also reduced to make a more pleasant water
for recreation, but also to use the shallow waters for
surface water heating.

Linear structure

The linear structure of the pier forces all three discipli-
nes to work in the same direction. This makes it easier
to spatially combine the three layers. In this project,
the energy distribution matches the escape route as
well as the orientation of development and the rou-
ting [Figure DC3].

Elevated public space

The elevated public space is a good example of the
integration of the three disciplines. It forms the back-
bone for new development on the pier, as new buil-
dings are connected to the public space, which creates
a second plinth and a route to safety. But on top of
that it also distributes the thermal pipelines from the
cascading machine to the building blocks and back.
The elevated pipelines are therefore not susceptive to
flooding and also easy accessible when an adaptation
needs to made to the system or a repair is needed. The
elevated thermal transport is also the shortest route,
as the cascading machine and the installations in the
buildings are also at elevated levels [Figure DC2].

With this system, the entire pier can undergo the trans-
formation in sections. First the pathway is made and
after that programme is placed against the walkway
and is subsequently attached to the thermal system.

Appearance energy system

The pier will have its own heat distribution system.
This is formed by a centrally situated distribution sta-
tion, fed by a heat exchange station (east side) and a
cold exchange station (west side). Since the project is
all about implementing the thermal energy network
in the urban environment and showcasing new ways
to rethink the power of water, the elements of the sys-
tem should be standing out. This can — and will - be
done by remarkable architecture, but also by eleva-
tion, which will also prevent it from flooding. People
may see that this is the heart that is fuelling their pier
community.

Safety & distribution
The elevated land the cascading machine is on is part
of an elevated linear route across the pier, providing
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a safe exit in case of flooding. This escape route will
be at around 4 metres above the quay, which is 7,2
metres above NAP. This height is above the assumed
threat line of NAP+6 and makes it possible to organise
a building layer of programme underneath. On top
of that, it also connects to the elevated connections
across the port basins and allows cars and trucks to
cross underneath

Reducing demand

The buildings on pier 1 will be mostly in closed buil-
ding blocks. This is to honour the large scale plot of
the port identity, but also to build compactly and re-
duce heat demand. Due to technological advance,
buildings will get more and more energy efficient. The
heat demand for dwellings will be reduced from 200
kWh/m2/yr to an average of around 50 kWh/m?2. Of-
fices have a current heat demand of around 450 kWh/
m2/yr and the assumption is made that this will be
reduced to 200 kWh/m2/yr. A lower heat demand also
means a lower temperature connection to the central
distribution station. This can be reconnected at this
station and requires no new pipelines to the new buil-
ding. These pipelines will run underneath the elevated
public space, so they are easily accessible.

The heat network will consist of the distribution of
three different temperatures. The high temperature
will supply the old, existing buildings with low thermal
efficiency. The medium temperature will be distribu-
ted mainly to offices, but also a part of the newly built
dwellings. The other part of the dwellings will be built
very energy efficiently and can be supplied with a low
temperature thermal source

Urban rules
To make sure enough sunlight can hit the water from
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where most heat is extracted, there will be maximum
building heights on the pier to guarantee sunlight on at
least two thirds of the basin between 10:00 and 18:00
hours during the heat collecting months. Studying the
azimuth of the sun tells us that an imaginary line with
a 14 degree angle with the surface from the middle of
the basin forms the limit to building heights. An oc-
casional exception is allowed, when other arguments
prescribe an exceeding building height. In practice,
this means that the zone directly south to the basin
will be restricted; the middle zone of the pier has a
restriction that makes a 5 layer building easily possible
[Fig. CD4]. [E+U]

Suitable landscape

The pier and basin landscape is very suitable for im-
plementing temporary floating programme around
the pier. The deep and wide waterways make it easy
to manoeuvre large vessels into urban area. When the
circumstances change, the programme can simply be
changed by towing the obsolete programme out and
the new programme in. This can be done in a day and
won’t require long construction time at the site, as in
conventional systems. Regularly changing programme
also fits the adaptive energy system. When the pro-
gramme has a high thermal demand, this cannot be
generated by an autonomous system. Then, it can be
attached to the thermal distribution system. The tran-
sition development could also benefit from placing
temporary floating programme around the pier. As
the character of the pier changes, the programme at
the waterfront can adapt to that by simply replace the
building.[E+W+U]|
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[Figure DC4]: The linear structure helps molding the three
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water (bottom) (source: by author)
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offers large potential for dense urban areas. (source: by author)

Phasing of the transition

Phase 1:

The first plots of industrial area on the pier will be tur-
ned into green recreational or agricultural land. The
first section of the elevated public space is construc-
ted. This concerns the section between the main road
and the cascading machine.

Phase 2:

Permanent built-up programme is appearing around
the elevated connection. It becomes a mix of open
and built-up plots, connected by an elevated public
space. Also, the first development on the waterfront
starts. Further west on the pier, more green starts re-
placing industrial area.

Phase 3:

The urban character starts to show its complete form
in the east with all the plots built up with definitive pro-
gramme. The open waterfront functions as pleasant
outdoor space for the dwellings and office space. The
western side of the pier has developed the elevated
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public space. Along which the first definite program-
me start appearing. The circular routing is completed;
the southern road is constructed and the continuous
promenade along the waterfront is complete.

Phase 4:

The pier transforms the final remaining plots to be-
come a fully completed urban area with a more indus-
trious mix on the west side of the pier — towards the
industrial port. The east side blends into the urban tis-
sue of Oud-Charlois across the delta dike.

Phase 5:

This step, after the completion of the land based pro-
gramme, is characterized by aquatic development.
This can be developed as large floating blocks or eleva-
ted on poles. New technologies will make this possible
and affordable; something that is not the case today.
Extra connectivity between the piers and a more blur-
ry boundary between land and water are advocated in
this phase.

[Figure DCX]: impression of pier segment in transition. It shows the central

elevated public space and the mix of permanenet and temporaty progamme.

(source: by author)
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Calculating demand programme Pier 1

The programme for pier 1 is determined. The calculati-
on is determining the size of the storage wells needed
for the programme of the volumetric design made.

Surface per programme

Per strip calculations are made to determine the pro-

gramme. The division of programme is done by divi-

ding all the functions into five different categories that

can be characterized by their heat and cold demand:

- The category ‘multi-use/service’ holds besides office
space also museums and other public service
programme;

- The category ‘Dwellings’ simply contain dwellings;

- The category ‘Shops’ contains retail, shops;

- The category ‘Business’, which holds besides
businesses, some light industrial programme, but
also restaurants;

- The category ‘supermarket’ also covers functions
such as theatre or ocnvention centre and (large
cooling demands per m2).

A division of functions of entire strip is made to give a

quick estimate of the Gros Floor Space (GFS) of each

category:

multi-use /service 30%
Dwellings 35%
Shops 15%
Business 19%
Supermarket 1%

The total GFS of the Pier 1 programme is 151 381 m2.
The total surface area of Pier 1 is 185 000 m2. This
results in an FSI of 0,81 [Figure Calc1].

This is relatively low for an urban environment, due to
the included large open waterfront. When calculating
the built up centre strips, results show FSI = 2.0 (see
appendix C for more explicit calculations).
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The heat demand (for the heating of space, no tapwater heating) and cold demand for this programme is calcula-
ted. In research of the consummation of heat and cold, different results were found. For example, office heat sup-
ply could differ between 50 kWh/m2/yr (Wisse, 2013) or 140 kWh/m2/yr (ECN, 2010). On top of that, buildings
will become more energy efficient in future. In an area with a gradual transition process, many different demands
within one category will occur. Therefore the following assumptions have been made based on the found data
and have been used to determine a heat and cold demand. This figure is most likely too high for the amount it
could be in 2050. However, there is no guarantee that all new buildings will be built according to the latest energy-

efficiency.

Total heat demand

multi-use
Dwellings
Shops
Industrious
Supermarket

Total cold demand

35% with 50 kWh/m2/yr

15% with 300 kWh/m2/yr
19% with 200 kWh/m2/yr
1% with 300 kWh/m2/yr

Multi-use
Dwellings
Shops
Industrious
Supermarket

30% ; 50 kWh/m2/yr

30% with 100 kWh/m2/yr heat demand = 4541427 kWh/yr
demand = 2649166 kWh/yr
demand = 6812141 kWh/yr
demand = 5752474 kWh/yr
demand = 454143 kWh/yr

TOTAL DEMAND: 20.2 GWh/yr

demand = 2270714 kWh/yr

35%; 0 kWh/m2/yr; cooling by ventilation or (electrical) air-conditioning systems

15%; 40 kWh/m2/yr

19%; 300 kWh/m2/yr
1%; 1400 kWh/m2/yr

demand = 908285 kWh/yr

demand = 8628711 kWh/yr

demand =2119333 kWh/yr
TOTAL DEMAND: 13.9 GWh/yr

[Figure calcl]: graph by Spacemate, showing the density data of
the urban design on Pierl (source: Spacemate.nl)



Irregularities of water

The low temperature heat and cold will be harvested
from the surface water. The calculation of the yield,
again, is influenced by multiple variables. The main
one is the fluctuating temperature of the surface wa-
ter [Figure...]. This affects both heat and cold collec-
tion.

The assumption is made that the cold temperature
can be collected at 5°C, whereas the heat can be co-
lelcted from the shallow basin can be collected at tem-
preatures up to 26°C (see appendix C).

Dimensions of ATES footprint

With this in mind the dimensions of the storage wells

are calculated (see also appendix C):

- A heat demand of 20.2 GWh/yr normally requires a
footprint of 61575 m2 (280 by 280 m).

- A cold demand of 13.9 GWh/yr requires a footprint
of 36106 m2 (190 by 190 m).

However, the fact that surface water can be used does
have effect on the size of the footprint. Here also many
uncertainty about the actual percentage of reduction.
This depends in the firstly on the shape of the aquifer,
but also the temperature plays a role. The efficiency
shown at the Maastoren system, 75% (De Ingenieur,
2007), is almost too good to be true. Both Molenaar
(2011) and Wisse (2013) suggest it is far less. There-
fore the assumption is made that the addition of the
surface water could result in a 40% reduction:

- Heat footprint: 31360 m2 (177x177m)

- Cold footprint: 14440 m2 (120x120m)

These area needed for the warm water storage is
available in the design. The large public space offers a
place where multiple wells can easily be accessed; via
the waterfont and the underground space underneath

the shallow basin.

The cold storage has the some open public space to
create wells. However, there are larger wells necessary
or smaller wells under the water to meet the number
of square metres that is needed to support the pier’s
cold demand.

There could be the opportunity to use more surface
water directly at the cold collecting to reduce the
storage capacity.

Surface water to reduce unbalance

The surface water is also used to adjust the unbalance
between the heat and cold demand of the pier. These
adjustments will help reduce the footprint. On top of
that, thses adjustments are ideal to cope with chan-
ging demands. These will occur when programme is
changing during the gradual transition of the area.

As the transition progresses, the buildings at the
pier will become more energy efficient and less heat
demanding. A shift will take place from the higher
temperatures towards the lower temperatures. This
means an ever growing percentage can be covered
by the low-temperature energy extracted from the
shallow basin. This makes the pier more self-sufficient
over time.

design products

I[_Figure_ccc]:_Idiagram showing the possible reduction
in storage footprint when using surface water directly
in the intermediate seasons.However, the exact per-
centage wis still quite vague due do many variables
(source: by author)

[Figure ccc]:calculated footprint projected onto the

pier. The shape of the footpint will change in the ac-
tual placement; this is a schematic.

The cold wells have less public space to be placedm
(source: by author)
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Zoning of Pier 1

promenadelr o a d
|

The design of Pier 1 can be categorized in different zo-
nes as indicated in [Figure ZONE]. This shows that the
northern waterfront is much wider that the southern.
This makes is suitable for small scale programme to
be placed together with the continuous routing of the
promenade. It also guarantees more direct sunlight
on the promenade. The promenade is separated from
the sidewalk by landscape elements, such as a slight
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difference in elevation, street furniture, green patches
and trees.

The central zone, where the newly built development
will arise, consists of three to five layers of urban pro-
gramme. In the plinth at ground level, mainly interac-
tive programme is placed. The rest of ground level is
—in fully transformed situation — used for parking and
storage. The plinth at level 1 will be mostly private,

12 16,5

[Figure Mod1]:schematic sections of combining different placings of the elevated public space module and the left over
space between the module and the road to be built up. More variations possible (source: by author)
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[Figure I{/IodO]:schematic section of pier showing diﬁ'Jerent zones (source: by autLor)

making it a more intimate public space for inhabitants
and people working in the surrounding.

The zone is divided into two built-up zones connected
to the elevated public space in between. This division
will differ along the pier to offer a variable building ty-
pology and also to prevent an 800 metre long straight
line along the pier in between the buildings.

For determining the spatial organisation of the zone
the public space is determined to have a width of 12
or a double module of 24 metres. This module is pla-
ces in the centre of the zone or on either side of the
centre. This has its effects on the building typology on
either side. It is also possible to place the buildings
partly over the module or away from it. In this last
case, an additional elevated public space is added to
the module [Figure Mod1].

Beneath the surface of the elevated public space, the
pipelines for the distribution of thermal energy are
more easily accessible than put away underground.
This is convenient for when adaptation have to be
made to connect new or changing users of thermal
energy to the system.

At ground level the parking is also determining the
dimensions of the elevated level as the space under-
neath has to match with the dimensions needed for
parking. This also explains the 12 meter: 5 meters for
the parking space and 7 meters for the connecting
road.



INAP: top of wall

N— H ﬁ\j =

[Figure mod3]: cross section of pier showing the module implemented(source: by author)

32 24 16 18 35 15 11
[Figure mod4]: cross section of pier showing second option for implementing the module of elevated public space
(source: by author)
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visualization of segments

4.5.1 Focus shallow end of basin

Of the possible spatial solutions to make a shallow port
basin [Figure VS1], the fill-up construction is chosen.

Th dam construction makes a hard edge and thus an
immediate height difference, allowing relatively large
vessels to enter the basin . The dam also makes a con-
trollable construction, not susceptive to erosion. This
is an important quality when estimates for warm wa-
ter supply need to be quite accurate.

The dam has a height of NAP+1. This means that it
will overflow during high tide, when the water level
is assumed to vary between NAP+1,0 and NAP+1,5.
During low tide the water levels are assumed to drop
to around NAP-0,5. This is based on data from live.ge-
tij.nl (accessed april 2013).

In the shallow part behind the dam the bottom will be
constructed one metre below the top of the dam. Cal-
culations show that the water depth of one meter will
not cause the water to become too warm. This might
be inconvenient for the warm water yield, but it is fa-
vourable to the water quality.

An exemplary calculation is made to illustrate the ef-
fects of a shallow basin from where heat is collected.
It shows that a one metre deep basin of 100 by 100
metres can be heated 2,6 degrees Celsius during sum-
mertime [see appendix D], raising the water tempe-
rature to just over 25 degrees Celsius. Because this
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water should also be accessible for recreation, the wa-
ter quality must be guaranteed. With the estimated
temperatures, this requires oxygen and movement,
created by the tide, fountains and water vegetation.
This estimate is a maximum. Due to tidal influences
the water level will differ and water will flow in and
out, taking some captured energy away.[E+\V/]

The basin being influenced by tidal differences means
the water level will change during the day. The water
levels differ between +1.5m NAP (high tide) and -0.5m
NAP (low tide). By creating a dam with a height of +1m
NAP, even with low high tides, water will flow over this
dam and refresh the water in the shallow basin.

Programme

The space that is filled up, will be used as programme.
It can partly be space for the heat exchange station,
but predominantly to function as a parking space for
the surrounding buildings. When a two-level parking
garage is placed on the bottom of the port basin, a
metre of water will be left on top to be heated. The
entrance to the subterranean parking garage needs to
be resilient to flooding. Two solutions can be imple-
mented: entrance is located +6m NAP or the entrance
below this level can be closed off with flood doors.

In the later phases the space could be transformed
into a storage space for warm water, but these tech-
niques are currently not perfected yet. On the other

fill up with gradual slope; soft transition, natural

fill up behind dam; hard transition, man-made

(floating) shallow basins

[Figure VS1]: visualization of possible spatial solu-
tions for creating a shallow end of the basin in an
urban environment (source: by author)




hand, the pier will not have the parking capacity in
the middle strip during the first phases. This can be
placed in this underground space. Also, the parking
space can be used to facilitate the high-dense urban
programme along the Stieltjesdijk, just north of this
area and the old town centre of Oud-Charlois, a cou-
ple of minutes walking form the planned underground
parking. During the transition stage, large events, such
as concerts, can also use the parking space. In the final
phases, the public space on top of the parking space
can also host events, such as festivals or markets. This
requires parking space that cannot be found else-
where on the pier.

Accessible water

The water in this basin is shallow and therefore relati-
vely safe to enter. Also, the shallow water allows water
plants to flourish.

Because the quay construction is replaced by the par-
king garage, it is also possible to redesign the water-
front and lower the quay towards the water level.

To gain even more access to the water, a network of
jetty’s are constructed just above the water level of
NAP+1. This means that during high tide, this network
is not accessible. It raises the awareness of the fact
that the area is subject to tidal movement.

Elevated pipelines and exhausts form the parking gara-
ge make up a visible industrial network. This is essenti-
al for flood proof installations, but also gives character
to a former industrial area. This is combined with the
preserved port cranes and the materialisation of the
pier. Much concrete and large dimensioned elements
are combined with more urban related areas charac-
terized by green, trees and more refined paving.

design products

T ——
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[Figure VS2]:west-east section of shallow basin with the double parking deck and wrm well distributor (source: by author)

[Figure VS3]: bird’s eye impression of shallow basin (source: by author)
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[Figure]:Impression elevated public space (by author)
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La faixd

[Figure]:renovated waterfront in Rouen, FRA
(image by author)
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RERPTIRL W

[Figure]: Islands Brygge, Copenhagen (Google Streetview)

[Figure]:Quay in Hafencity, Hamburg (Hafencity.com)
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[Figure VS10]: irecreation at Islands Brugge, Copenhagen (source: Eva Fabricius) [Figure]: Waterfront Toronto (west8)
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5.1 Conclusion
The conclusions of the this graduation project are categorised by giving answer

to the research questions posed in the beginning of this report. First the sub-re-
search questions are answered, which leads to an overall conclusion to answer the
main research question.

How to define sustainability in urban development?
This is the first step to take when asking the main question. Urban development
can be sustainable in two ways:
- creating environmentally friendly solutions. This means to use sources for an
urban area that have little - but preferrably no - impact on the environment
- creating long lasting solutions. This can work in two ways:
> creating adaptive programme that can overcome changes in the
environment, such as natural elements
> combining disciplines to create solutions that are supported by multiple
stakeholders, since it meets their demands

How can sustainability be used urban delta development?

The problem is stated that the urban delta faces threats that require to rethink the

way we handle these issues today. This concerns the disciplines of water manage-

ment and energy management, together with urban development.

The approach of forcasting,backtracking, backcasting helped in defining a sustai-

nable path for sustainable development. After forecasting the threats, inspiration

for the solution is derived from backtracking towards the time when the discipli-
nes were still in a sustainable equilibrium. This can be found before the Industrial

Revolution, when men did not have the equipment to overpower nature and had

to co-exist with it. For the three disciplines the following can be concluded:

- energy management: use renewable locally gathered resources

- water manegement: give more space to the water; have some areas controlled
by men, others by nature. Strive for more anticipative water management in
urban delta development instead of an offensive attitude towards the water.

- port city development: port and city have grown apart, mainly due to increased
levels of scale. Reintegrate them by forming a more mixed programme mosaic
in a networked city.

Today, these mindsets need to be re-interpreted to fit the modern age to work

towards a future in which we can face the threats. Integrating these disciplines

should create even longer lasting results.
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Where are the disciplines of energy management and water management best
combined in spatial development?

To answer this, the combination between energy- and water management is
sought after first. Spatial implementation requires to focus on energy systems
within the energy management and the wide arrange of spatial implementations
of flood resiliency and adaptive qualities as well as the governance that leads to
these implementations.

Electricity systems have a large yield, but they do not fit in urban environments.
They are also new systems that were not available in the sustainable equilibrium
and can be seen as a major progress since then. On top of that are many of the
new techniques not properly developed yet to be implemented in the near future
without hesitation. However, there is a large potential in combining some of these
systems with flood defense: tidal dams and energy islands could be implemented
in a regional strategy.

The best combination lies in thermal energy from surface water. This is available
today and has high potential in implementation into urban tissue (Deltares, 2008).
On top of that, thermal energy suits local decentralized networks and bottom-up
strategies. This has been established to be a healthy approach.

Then, research is done on what role aqua-thermal systems can play in the Rijn-
mond region, especially in the municipality of Rotterdam, since most thermal sys-
tems work decentralized. An important economic region is in search of solutions
to increase the economic and environmental resiliency. New integral approaches
are herby advertised. The REAP programme helped understanding the possibi-
lities of implementing new thermal systems in existing programme in the muni-
cipality. An assessment shows the cascading machine to be the best match with
the vision of creating local (energy) communities and the flexibility required for
a transition area. Local systems can be combined with the existing district heat
network that is already in place.

The thermal energy in this cascading machine can be used in full potential when
the heat and cold from the surface water is stored and used in the season it is re-
quired. Therefore, the combination with ATES is made. Inspired by the Maastoren
case, two systems were put together. However, since this is not a field of expertise
of the graduate, extensive research was needed to get a grip on the topic. Rea-
ding many reports also led to contradictive data, which did not help with making



progress. By working with assumptions progress could be made. Nevertheless, an
expert review still showed some improvements in the system. These can be re-
commended to be researched deeper by specialists to further improve the applied
system.

The experimental thermal energy system can be also be justified by attitude of the
municipal visions, that encourage new, creative solutions for the redevelopment
of the city ports, that concern the surrounding water and support the economic
growth of city and region.

How can this combination play a role in a regional vision for the Rijnmond region?
After forecasting the desired situation, now, via backcasting, design products will
help showing how this sustainable result can be achieved. This is done by asses-
sing the three disciplines on a regional level and finding overlap in the three to
form an integrated vision. The idea to make a vibrant area in an outer dike area
might be contradictive, but this is exactly the rethinking that creates new urban
landscapes. The overlap between the disciplines can be found in the city network
approach. Densifying urban clusters and better connections creates space for the
water. This extra water can be used as a connector, but also as a source of energy
or concentrated aquatic activities. The land expansion into the sea should be ret-
hought; moving water into land is against our DNA, but is is a cheaper option to
create adaptive power and economic yield.

The design products for the sustainable urban delta are affecting many levels of
scale. This, in combination with the three disciplines and an integrated product,
calls for a organising framework. By meandering through the product assessment
matrix from scale to scale, a structure and a storyline was created. This matrix
helped organising the many ideas that were generated in all the disciplines. The
meandering storyline came as an improvement on the horizontal and vertical sto-
ryline, which were basically two stories.

So, after the regional role the intrgrated systems can play, the focus shifts to the
municipal implementation strategy.

What is the potential of implementing this combination in a strategy for the city
ports of Rotterdam?
The city port structure in the region is very suitable for the integration of the three
disciplines spatially.

thesis evaluation

Pier-and-basin structure

The pier-and-basin structure forms an interwoven pattern of water and land in the
city ports; this long edge makes many connections and interactions with water
possible (technical as well as social). The river with all these man-made branches
forms a blue connection that runs through the heart of the city, which makes it
attractive to be connected to. The pier-and-basin structure makes large water ac-
cess possible.

The spatial structure makes a division into small communities possible by spatial
separation. On this segregated area, a linear organization creates a clear routing
and allows a systematic approach to spatial design and implementation of energy
systems.

The linearness also shows in the gradients this structure helps forcing in a certain
direction. Gradients are can be seen in the port entirely - but also per pier —in
each discipline. This helps to create a smooth transition from one landscape to the
other, although it looks very binary.

Outerdike area

This area can remain outer dike area in an open system, making the water more
accessible. These areas need spatial solutions to increase flood adaptation. The
requirement of adaptive building in this area poses no problem, because the exis-
ting buildings do not match with urban programme. Therefore much of it needs
to be replaced.

The area remains accessible by relatively large vessels, creating options for water
transportation and distributing temporary floating programme. This can be used
during the transition phases, but also offers the possibility for change after com-
pletion, whereas the programme on land is more permanent.

Vicinity of accessible water with thermal quality

The vicinity of water helps reducing the footprint of the ATES considerably because
it can be included in the nearby system and helps meeting the thermal demands
of new urban development in an environmentally friendly, decentralized system.
Also, the aesthetic power of surface water is significant. Living near the water is
considered a quality, which makes it an attractive area to live and work, or recre-
ate.
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How can integrated strategies be translated spatially into an urban design?

First, create a range of principal spatial solutions for a certain strategic goal. Then
assess the options to fit the location. The product assessment matrix helps here to
organise the possibilities in each discipline and shows how they can be combined
into an integrated result. Form each discipline multiple spatial solutions are gene-
rated to be implemented in the project. The first step was to make a masterplan
for the Waalhaven. This masterplan helps the transformation of the goals towards
spatial implementation onto the urban design of Pierl. Here, many of the choices
for the spatial implementation are based on local preferences and urban patterns.
This mainly helped in understanding how the pier should be connected to its sur-
rounding and how it forms a gradual transition between urban and industrial.
When the focus came to gradients, many more were found in different disciplines.
Surprisingly, most of them matched wonderfully well.

The elevated backbone forms the umbilical cord for a gradual transition of city
ports. As a flood proof solution that distributes thermal energy it forms the main
spatial arrangement of a pier. Along this multidisciplinary construction - combined
with a flexible thermal energy system — the industrial area can be transformed
gradually into urban area with mixed programme. Modern urban planning shows
more and more small scale development and private initiatives. With this spatial
system the preconditions are met by the municipality but the building projects
can be initiated by private parties — as long as they build according to the spatial
preconditions.

It is recommended that for city port transformation the municipality defines in
a zoning plan the areas were building is allowed and what should remain open.
Accordingly, the routing should be detremined to establish the safe zone and the
‘people-and-pipe’- distribution. This helps determining the spots for ATES, prefer-
rably in between the collector and the distributor.

By planning along an elevated backbone and building all vital elements at a save
height, the ground level can more easily be changed. This matches with the elastic
character of the Waalhaven. Also, it helps creating more urban dimensions in a
formal insutrial area:

- enclosed space in built-up area with high FSI

- it contrasts with the vast openess of the waterfronts.

The unfamiliar field of expertise and complicated calculations made it difficult to
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determine a the specifications of the programme. Calculations on the maximum
programme possible to be supplied by this thermal system proved difficult, becau-
se there are besides many ways to calculate, also many variables, such as soil con-
ditions, use of the building and the demand reducing measures. The leading role
is therefore urban development; it should match with the density and building
heights in the environment and the characteristics of an urban environment. This
spatial design is subsequently tested on technical-spatial feasibility. The mixed
programme planned on Pier 1 can be thermally supplied by the cascading machine
in combination with ATES.

However, the expert review (Wisse, 2013) did reveal some more points of atten-
tion that are recommended to research in future, by or with more skilled parties
with technical background.

- The cascading machine does imply that the different temperatures are interde-
pendent; one uses the entropy from another. If this entropy disappears, others
will feel the effect. This can be compensated with extra heat from the surace wa-
ter, so this can be solved. However, it is perhaps not the simplest option.

- The distance between the storage wells and the cascading machine is relatively
large. This could perhaps result in no immediate supply of heat and cold when it is
needed. Although a central distribution system is most likely to have a continuous
demand, it could still pose a problem. A solution is to move the wells closer to the
cascading machine. This means finding new locations to do so. The most appea-
ling option is to make the wells underneath the backbone; this is constructed first,
already has a column structure and accessibilty to installations on a flood proof
height. The current design, with a favourable open space ratio (OSR=0.95) has
plenty of opportunity to find more convenient locations.

- In the intermediate seasons one can use the benefits of the surface water. Ho-
wever, it is relatively complicated to use this water directly. It is better to use the
medium temperatures for heating and the cold source for cooling. The wells can
be recharged by using the surface water. Also, it can help counter the unbalance
between the cold and warm ATES'’s.

- This connection to the surface water as an external input for the heat/cold ba-
lance helps adapting to change in thermal demands due to changing programme.



The answers to these subquestions can be summarized in answering the main
research question:

How to spatially integrate flood adaptation and renewable energy sys-
tems with urban development to design a sustainable urban delta?

By backtracking to the more balanced conditions environmentally friendly and
long lasting approaches can be used on modern planning.

By finding the optimal combination between the disciplines of water and energy
management that is spatially implementable in a port city, backcasting shows
what systems can be implemented to reach the sustainable goal. It is at the same
time a type of forecasting in the sense that the results of the spatio-technical
inventory need to be implemented in a design.

Then, backcasting by creating design products helps creating the sustainable spa-
tial design solutions for the specific location. This process is guided by the pro-
duct assessment matrix, which meanders through the products per scale, taking
conclusions from one level of scale to the next, working towards the most spati-
ally related scale: the pier.

The pier-and-basin structure of the city ports turns out to be an ideal area to
execute an integrated approach for redevelopment as all three disciplines need
to be rethought in these areas. The linear structure helps in forcing the three
disciplines in the same direction but then these disciplines integrate very well.
This is best shown in the implementation of the linear elevated public space. This
element forms the backbone of the redevelopment of the port area as it safely
distributes ‘people and pipes’ across the pier in case of flooding. It also creates
a more urban environment with urban dimensions in an area where industrial
dimensions dominate.

It facilitates local networks that work multidisciplinary, creating awareness for
the forces and benefits of nature, facilitating local communities and bottom-up
initiatives, making the Waalhaven fit for the coming century.
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As a mandatory part of the graduation program-
me a reflection is included in the thesis report.
This reflection will elaborate on how the expected
approach of the project turned out in practice and
why this has occurred accordingly (or not) to the
initial plan.

The products that were expected in January, are
still the products that are and will be realized at
the final presentation. There will be additional
products though. The expected end products
were expected to be on a regional and on a local
scale, but products on intermediate scales have
been added.

This was due to the change in the process. When
the step needed to be taken from the regional
scale to the local scale, the gap appeared to be
quite large. To research that was done revealed
that the effects and the systems involved in the
decision making process were operating on dif-
ferent levels of scale. These were vital to make
the step from regional to local scale. This led to a
study on five scale levels.

Also, the structure needed to be made more
clearly, striving to make the project with so many
parameters more understandable. By connecting
each level of scale to the discipline of energy ma-
nagement, water management and urban deve-
lopment, the layer-method was made more pro-
minent in this project. This resulted in a more
clarifying matrix of design solutions ending up in
the final vision, strategy, master plan and urban
design.

Because the project is now integrating several le-

vels of scale, the clear distinction between large
scale project and key intervention has faded.

The quantification of the results are not very ex-
tensive. This has two reasons:

Firstly, this is a graduation project for an ur

ban planning and design studio. There

should be more emphasis on the spatial elabora-
tion than the quantitative data of technical soluti-
ons.

Secondly, the data that was found during the re-
search was sometimes confusing. Reports sho-
wed different values for heat demand and were
often also expressed in different units. This re-
quired a conversion of the found data before
being able to see the connections. This meant
that this part of the process has taken more time
than was planned beforehand.

Because there seemed to be enough time to
do some more research and calculations on the
guantitative research, too much time was taken
to find the right data. This was one of the reasons
there was a time shortage in the run-up towards
the P4. In hindsight, it would have been better
to start earlier with making assumptions for the
calculations and work with those. Then, progress
is made more quickly. Also, if more accurate date
would have been discovered, it would be relati-
vely easy to adjust the calculations. Disadvantage
of this approach is that if the calculations have
much effect on the spatial design, a late chan-
ge in the calculations could result in redesigning
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large components of the project. This is also an
argument for the long period of time spent on
collecting the right data.

Working according to the P2-planning

The planning that was made at the P2 has been
realized quite well. Although there was a change
in the process and including more levels of scale,
the work was accordingly to the planning. This is
because the planning shows a large amount of
time to do the local analysis and design. It also
has overlap with the regional research and de-
sign. This led to a rearrangement of the planning,
but hardly any extra time.

However, in finalizing the products, the planning
is too optimistic. Most products take more time
than anticipated. For the remaining products
more time will be planned to realize the planned
results. Shorter set deadlines should be respected
more thoroughly. This is one of the reasons why
the first P4 moment was not successful; due to
lack of time the products were too poor to con-
cince the committee.

The relationship between research and design

The functional analysis has been taking more
time than anticipated. This meant less time to
research by designing. In the end this has been
the right approach, because the outcomes of the
analyses were important for determining the pre-
conditions for the design, this would be the most
efficient way to divide the project in research and
design. When the design process started, there
was still additional research to be done guided
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by the developments in making the vision, strategy
and designs — better known as ‘research by design’.
In this additional research the expected case stu-
dies were not all used, e.g. Melbourne and Copen-
hagen. Instead, projects in Goteborg and Antwerp
were inspirational precedents. In the extra time
towards the second try, Copenhagen did become
useful as reference though.

The relationship between the theme of the studio
and the subject chosen

The studio Delta Interventions has a relatively dis-
tinct theme already. When entering this studio it
was already clear the subject for the graduation
project would concern water issues and is quite
certainly located in a delta.

This still leaves a vast range of possibilities to
choose a topic and add your personal affiliation to
the topic.

The location chosen for this project matches the
subject very nicely. The Dutch are famous for their
leading role in water management. It is a nation
with water in their DNA. Therefore, concepts on re-
thinking water management would find cooperation
here.

Since there is also a personal affiliation with sustai-
nability, this had to be part of the project. Rotter-
dam is one of the leading cities in the world when
it comes to programmes and policies on creating
a more sustainable urban environment. There are
many plans to reduce CO2-emissions and find smart
solutions for waste and energy problems. This was
therefore an inviting region to try exploring the
combination of water management and energy ma-

nagement in an urban environment. Since the
municipality expresses the need for creative so-
lutions and new ideas for the redevelopment of
their city and meeting their sustainability targets,
an integrated approach to rethink some existing
patterns or stigmas, should be interesting.

This also shows the amount of graduation pro-
jects at the TU Delft that are situated in the Rot-
terdam region. Another reason is of course that
it is located near the university, which makes it
easy to visit project sites and find documents and
actors involved in the chosen topic.

The relationship between the methodical line

of approach of the studio and the method chosen
The layer method was promoted in the begin-
ning of this year by the studio mentors. This is
being considered as a valuable approach to ana-
lyse an area. In the first half of this graduation
year, this method had disappeared slightly to the
background, but was rediscovered when trying to
organize the results of the research of the three
disciplines on five different scales.

This research works with the disciplines of wa-
ter management, urban development and energy
management. These first two disciplines are very
common for the studio. The third discipline is not
very common within the field of the studio, but it
is also part of the problem statement. This dis-
cipline required the most research as it was the
most unknown. Spending much time during the
project on the discipline of energy management
is perhaps not according to the studio standards.
However, most research was done on water and
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energy combined. Also in the end, it has been
worth spending this time to create the final re-
sult, in which the three disciplines are integrated.
The layer method also helped in organising the
results and telling the story. The result metrix that
was developed also served as a visual tool to de-
fine how the story works through the matrix. This
study shows in the changed storyline through the
matrix at P4-11 as seen in [figure R1].

The relationship between the project and the
wider social context

More and more people in the world will be living
urban deltas. This habitat needs to be safe and
serviced to prevent social unrest or catastrophe.
By creating smaller energy distribution systems,
a district or neighbourhood can be given an extra
form of identity. It also fits in a modern trend that
is taking its distance from the top down instituti-
ons that rule most parts of our lives. It could give
a great feeling of satisfaction to manage an auto-
nomous energy network with a neighbourhood. It
is a great way to create more unity each energy
cluster. By bringing this energy system back to a
small scale, it becomes more comprehensible for
the users. They can therefore be more in control
of the systems and are a better in finding local so-
lutions. This new system requires people to work
together with their neighbours and creates more
awareness of the systems that are active in the
urban environment.
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Optie

Principe

Thermisch

Warmte uit zeewater
Seawater Air Conditioning
Drijvende woningen

Airco op waterdamp

Solar Pond

Koelvijvers

Warmte uit rivieren
Mijnwater Energiecenirale
lJsbhanken

Onttrekking warmte aan zeewater

Onttrekking koude aan zeewater

Onttrekking warmte aan binnenwater

Koelen en ventileren door verdampen water
Onttrekking warmte aan sterk verhit water
Onttrekking koude aan diepe vijvers
Onttrekking warmte aan rivierwater
Onttrekking warmte aan mijnwater/aardwarmte
Opslag van koude-energie in ijsmassa’s

Kinetisch

Waterkrachtlens

Bundeling van watergolven
Drinkwater productie en transport
Energie uit regen

Pompturbines in de polder

Concentreren kinetische energie in rivierwater
Concentreren kinetische energie in zeewater
Onttrekken Kinetische energie uit water(druk)
Onttrekken Kinetische energie uit regenwater
Ontirekken kinetische energie uit polderwater

Elektrochemisch

Brandstofcel - B, Zn, Mg, Al e.a.
Brandstofcel - Water en Lucht
Biologische brandstofcel
Biogekatalyseerde electrolyse
Microkanaaltjes in glasschijven
Dialyse met hoogfrequente golven

Waterstofproductie met boor en directe benutting
Waterstofproductie met metaalhydriden

Directe elektr. productie uit organische materialen
Waterstofproductie met en uit afvalwater
Opwekken en aftappen van statische elektriciteit
Waterstofproductie met hoogfrequente golven

Potentieel
Valmeer in de Noordzee

Buffering energie in een watermassa (meer)

Haakse Zeedijk Buffering energie in een watermassa (meer)
Witte Steenkool Buffering energie in een watermassa (mijn)
Overig

Opvang regenwater Indirect energie-effect door besparingen

Liesgras Onttrekking elektriciteit aan syntheseproces plant

appendix A

source: CE Delft (2009) Energie uit water - een zee van moge-
lijkheden



appendix B

Surface and density calculations

Density calculations:

Total surface area: 185 000 m2

Total footprint: 40 857 m2

Total Gros Floor Space (GFS): 151 381 m2
This results in: FSI=0.81

However, this includes a vast area of open waterfront. This does
count in the calculations, but if we differentiate the two built up
strips on either side of the cascading machine we see other figures:

- east side: Area=30906m?2, footprint=13303m2, GFS=62191m2 => FSI = 2.0
- west side: Area=26081m2, footprint=11528m2, GFS=52767m2 => FS| = 2.0

footprint buildings new
(east of cascading machine)

SUBTOTAL

footprint buildings new
(west of cascading machine)

SUBTOTAL

footprint buildings preserved

SUBTOTAL

TOTAL:

building GrosFloor

m2 layers Space (m2)
680 6 4080
1840 5,5 10120
1090 4,5 4905
844 5 4220
560 4 2240
950 5 4750
750 4,5 3375
774 4 3096
1080 4 4320
1251 4 5004
588 5 2940
655 4 2620
684 4 2736
619 5 3095
938 5 4690
1164 4 4656
436 2 872
B00 6 AB00
1245 7 8715
16948 m2 31234
925 5 4625
910 4 3640
623 5 3115
659 4 2636
659 4 2636
403 5 2015
627 4 2508
662 5 3310
642 4 2568
985 5 4925
309 5 1545
836 5 4180
1104 5 5520
B08 5 4040
671 4 2684
705 4 2820
603 2,5 1508
314 1 314
12445 m2 54580
4654 1,6 7446
2671 1,2 3205
3839 1,2 4607
300 1 300
11464 m2 15558
40857 TOTAL: 151381

m2

m2

m2

m2
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thermal energy calculations

appendix C

Dimensions of storage wells

Heat storage:

Q(t)[kWh]1 =1.16 * Vgem * dTgem (Calje, 2010)
27021491 =1.16 * Vgem * 5

Vgem = 5308990 m3/yr

dTgem(°C) is determined as follows:

[water temp. in basin/storage] — [desired temp.] = 25°C —20°C =5°C

The predicted basin temperature during the summer is calculated to be able to reach
25°C (see insert block to the right).

The thermal radius of a well is calculated as follows:

sq.root (V/(2.2*H[aquif])) (Calje, 2010)

Based on calculations from Maastoren casestudy (De Ingenieur, 2007): H[aquif] = 80,6 m
Sq.root (5308990/177.32) = 173

This means a thermal radius of 173 m and a total surface of 94024 m2. This is over half
the pier’s surface. With a similar size needed for the return water, this will be difficult to
fit at the project location.

However, by analyzing the data from the Maastoren casestudy, a significant reduction is
possible. When using surface water directly during the intermediate seasons, the Maas-
toren alledgedly has a Vgem which is only 25% of the volume needed when only stored
heat in aquifers was used:
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% of total GFS (m2)
HEAT DEMAMND: program  GF5(m2) pertype kWh/m2/yr kKWh fyr

SPECIFICATION OF GROS FLOOR SURFACE mix-use/ service 0,40 151381 60552 200 12110472

mix-use/ service 40% Dwellings 0,25 151381 37845 50 1892261
Dwellings 25% Shops 0,15 151381 22707 300 6812141

Shops 15% business 0,19 151381 28762 200 5752474
Industrious 19% Supermarket 0,01 151381 1514 300 454143 +
Supermarket 1%

TOTAL: 27021451 kWh/yr

27,0 GWh/yr

94024 * 0.25 = 23506 m2

These wells do not connect seamlessly to each other. Therefore a square around
the circle is calculated as a measurement to represent a more applied situation.
Wells: r = 173; diameter of square surface = 346m,;

Surface of this square = 119716 m2

Reduced surface: 119716 * 0.25 = 29929 m2

This means with the return well the surface doubles: 59858 m2, or 244 x 244 m

Calculations water temperature heated by sun

Sunrays deliver 1 kWh/m2 with a full sun (SolSolutions) .

In the summertime this is during 5 hours a day, In wintertime during 0.5 hours a day, ma-
king a yearly average of 2.7 hours a day of full sun.

IThe assumption is made that through the angle of the light, reflection, absorption and
evaporation 0.6 kWh/m?2 transfers into the water.

Per day: 5 * 0.6 *3600 = 10800 kJ/m2/day

Basin: 100 x 100 = 10 000 m2 -> 108 GJ/day

One degree Celsius change in temperature of water equals 4.2 kJ/litre.
10*1076 litre has 10.8 kJ/litre energy, making the temperature difference: 10.8 / 4.2 =2.6°C

(source: SolSolutions (s.d.),[URL] http://www.solsolutions.nl/zonnestroom/opbrengst-zon-
nestroom/, accessed May 2nd, 2013)




Reviewing this result led to a new calculation. Hereby the heat demand (kWh/m2/yr)
was redetermined to more up-to-date values, that match the conditions towards 2050
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(Wisse, 2013; Lysen, 2013.

Also the division of Gros Floor Surface (GFS) was adapted to new conditions of the design.

This leads to the following heat and cold demand :

% of GFS (m2)
HEAT DEMAND:  program  total GFS pertype kWh/m2/yr kwh/yr
mix-use/ service 0,30 151381 45414 100 4541427
Dwellings 0,35 151381 L2083 50 2649166
Shops 0,15 151381 22707 300 6812141
business 0,19 151381 28762 200 5752474
Supermarket 0,01 151381 1514 300 454143 +

TOTAL: 20209350 kWh/yr
20,2 GWh/yr

Dimensions of storage wells

Q(t)[kWh] =1.16 * Vgem * dTgem (Calje, 2010)
20209350=1.16 * Vgem * 5
Vgem = 3484370 m3/yr

The thermal radius of warm well:

sq.root (V/(2.2*80.6) (Calje, 2010)

Sqg.root (3484370/177.32) = 140.2 m radius

This means a thermal radius of 140 m and a total surface of 61575 m2 (or square of
280x280m).

With a potential ‘Maastoren reduction’ of 75%, it could be:
0.25*(280m diameter)*2 = 19600 m2, which means a footprint of 140 x 140 m
With return well this is 197 x 197 m.

However, a reduction of 40% is more likely (based on: Molenaar, 2011; Wisse, 2013).
This means a square footprint of: 0.4%(280m)*2 = 31360 m2, or 177 x 177 m
(354x177m with return)

SPECIFICATION OF GROS FLOOR SURFACE
mix-use/ service  30%
Dwellings 35%
Shops 15%
Industrious 19%
Supermarket 1%
% of GFS (m2)
COLD DEMAND:  program  total GFS pertype kWh/m2/yr kwhfyr
mix-use/ service 0,30 151381 45414 50 2270714
Dwellings 0,35 151381 L2083 0 0
Shops 0,15 151381 22707 40 908285
business 0,19 151381 28762 300 8628711
Supermarket 0,01 151381 1514 1400 2119333 +

TOTAL: 13927043 kWh/yr
13,9 GWh/yr
Dimensions of storage wells

Q(t)[kWh]1 =1.16 * Vgem * dTgem (Calje, 2010)

13927043 =1.16 * Vgem * 7.5 [dT=7.5 is based on Maastoren efficiency calculations
by Molenaar (2011)]

Vgem = 1600809 m3/yr

The thermal radius of cold well:

sg.root (V/(2.2*80.6) (Calje, 2010)

Sqg.root (1600809/177.32) =95 m

This means a thermal radius of 95 m and a total surface of 36106 m2.

With a potential ‘Maastoren reduction’ of 75%, it could be:

0.25*(190m diameter)”2 = 9025 m2, with return well this is means a footprint of 134
x 134 m.

With a reduction of 40%, this results in a square footprint of:
0.4*(190m)"2 = 14440 m2, or 120 x 120 m (240 x 120m with return)
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case of Maastoren (source: De Ingenieur, 2007)

|
[
|
L

L — —
diameter per well would normally be 140 m. offset wells to prevent contact between cir
probably used surface larger; square cular wells

L =

much smaller surface needed

surface water in intermediate seasons:
diameter per well is 70 m

Gemiddeld temperatuurverloop Maaswater (2001-2004) space office & facilities: 40 000 m2

—— gemiddelde riviertemperatuur )

—— gemiddelde buitentemperatuur diameter well = 140 m -> 19600 m2 (square surface)
buitentemperatuur (min.-max.) -> 39200 m2 per doublet

FSI(max): 40000 / 39200 ~ 1
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25
2 diameter well = 70 m -> 4900 m2 (square surface)
S
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2
i
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g warmte warmte
5 | | | ) onttrekken afgeven warmtepomp
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bron laden met bron laden met
koud Maaswater warm Maaswater
Figure]: reduced footprint by direct cooling from surface water. warmte-
(by author & s.n., 2007) - Figure: diagrams of building energy footprint (green) exceeding the
IJ g limits of the underground storage footprint(purple). This will cause

interference with other wells if they are placed too close to each
other. (source: by author)
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extensive theoretical exploration

The theory that is used to help finding an answer to
the research questions of the graduation project is or-
ganised as follows in this thesis plan report:

Firstly, a historic development of both water manage-
ment and energy use are presented with a view on
future developments expected to evolve from the dif-
ferent historical eras.

Then, a selection of applicable sustainable energy sys-
tems and water management systems is presented.

Different eras in energy use

The different stages of used energy sources over time
can be best categorized according to the different
stages in energy landscapes, described by Pasqualetti
(2012)pp.14-40).

| - energy of the organic economy.

First, thousands of years BC, man only had the power
of its own muscles and that of its animals. The energy
needed to fuel this, came from food. Fire, fuelled by
wood, was used for heating.

Later wind and water power were used for small scale
industry and transportation, for example by means of
windmills, sailing boats and water wheels.

In the Dutch delta harvested peat was mostly used as
energy source to generate heat.

[l — energy of the mineral economy

Already in the 13th century coal was used to fuel fires,
but its true success started in the eighteenth century
at the dawn of the Industrial Revolution. It was the
main source to fuel steam engines.

Mid nineteenth century, when industrial equipment
was developed to drill deep into the ground, oil and
natural gas mining emerged worldwide. When tech-
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niques improved during the twentieth century, the
unconventional fossil fuels became accessible, such as
oil from oil sands and shale gas. Fossil fuels facilitated
a giant leap on a technological level. With the access
to so much energy, man could conquer many forces
of nature by creating machines to assist in building,
transporting and living. Also, centralized distribution
systems started to appear.

Ill — energy of the electric economy

At the end of the nineteenth century electricity was
generated, powered by fossil fuels. With generating
electricity it became possible to transport energy over
large distances, creating a large hub-and-spoke system
to distribute energy.

Mid twentieth century nuclear power became a clean
substitute for the polluting burning of fossil fuel to ge-
nerate energy. This form of generating energy had its
disadvantage; it produces lethal radioactive waste.

IV — energy of the sustainable economy

In the 1970’s the first awareness of our energy con-
sumption and to our ‘limits to growth’ (Meadows et
al., 1972, ). This results in the use of sustainable sour-
ces. This age can be regarded similar to the first age,
based on the use of the same resources. However,
with advanced technology the resources can be harve-
sted more efficient. Sources such as hydropower, wind
energy and biomass are used to create electricity that
powers our instruments.

On top of that, geothermal power is extracted from
deep in the earth and photovoltaic panels as well as
solar boilers use modern techniques to covert the po-
wer of the sun into usable energy.
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Today, we still use all of the resources mentioned in the
stages above. Today, we are still in the stage of a sus-
tainable economy. Fossil fuels, currently the most used
energy source, is depleting and therefore we are only
at the beginning of this fourth age. Or one could say a
circular process is completed and we have returned to
our organic stage. This is a clear example of backtrac-
king energy use.

Different eras in water management

Water management has always been closely related to
urbanization. Meyer (2009) states: ‘Throughout history,
in a watery region such as the Dutch lowlands the ques-
tion of water management and flood defence has been
related to the question of the relation between the ur-
ban and the rural communities’(p.433).

Hooimeijer (2011) also focuses on the Dutch delta. Her
extensive overview gives a clear guideline to approach
the Dutch water management history. It is divided into
the following eras (using Hooimeijer’s terminology):

| - before the year 1500: Natural power

The country exists of many marshlands in which people
adapt to nature. Only small initiatives are taken to con-
trol drainage.

Il - 1500 — 1800: Power of unity

Technological instruments such as windmills, dams,
dikes and sluices make canal systems, poldering and
world trade possible. On top of that, a centrally orga-
nized approach makes the Dutch get more control on
the water.

Added to this, Meyer (2009) states that in this era con-
flicts between urban and rural areas emerged on con-




trolling the dam. This would also control the inunda-
tion of the polders behind the dam. To clean the urban
water system, cities that formed around this dam, had
to build a buffer to flush out all the waste water. This
buffering would also affect the water levels of the hin-
terland, which the farmers did not like. Governance be-
came more important and this era marked the birth of
the civil engineer, a cross between ‘what today we call
hydraulic engineering and urban design. (Meyer, 2009,
p.435)

[l - 1800 — 1890: New power

This era is marked by the Industrial Revolution, giving
new power to man to control the water. Steam powe-
red pumps made poldering on a large scale possible.
This created new farmland and building grounds, which
caused rapid urban growth. But pumping out even
more water also increased the land subsidence.

New connecting canals were dug and water plans were
integrated with urban expansion, also to increase the
poor water quality of the growing cities. Because the
scale of the projects increased, a national water gover-
nance became necessary.

[V - 1890 — 1990: Accelerating powers

New technological innovations, such as petrol engines
facilitate another increase in scale. Hooimeijer divides
this period into three subsections;

1890-1945: machine power

In this ‘manipulative phase’ (Hooimeijer, 2011, p.155)
urban waters start to disappear and are being replaced
by roads, rails and sewage systems. This makes the wa-
ter system no longer the leading urban structure.

1945 - 1970: manpower

After the Second World War standardization marks ur-
banism. Water is mainly used as recreational area and
as separation of neighbourhoods, but still essential in

draining the urbanized polders in this urban sprawl.
This also causes further land subsidence in these areas.
1970-1990: flower power

Environmental awareness raised by, amongst others,
the Club of Rome (Meadows et al., 1972) causes a
more harmonious relationship between man and na-
ture. New water management strategies are created
together with ecologists, resulting in more balanced
urban designs in cauliflower neighbourhoods.

V - 1990 — present: Adaptive power

A continuation of the flower power period causes a
more integrated approach, where civil engineers share
their knowledge with urban designers to create better
engineered plans. Policies are made on national scales
and planning start taking place on a network city scale.
Urban expansions are developed with water systems
as the highest priority. This results in more surface wa-
ter in newly built neighbourhoods.

Here Hooimeijer also conludes with a similar state-
ment as in chapter:

‘The Fine Dutch Tradition expressed in the new Dutch
water city can return to its roots: complex urban de-
velopments that connect different challenges in the
most efficient way’ (Hooimeijer, 2011, p.287). This can
also be interpreted as backtracking to a time where
urban design and water management were sustaina-
bly balanced.

A movement to find balance similar to the movement
Hooimeijer established, can be seen in the different
‘key transition states’ (Brown et al., 2008)p.4) in the
framework of Brown, Keath and Wong (2008) as seen
in Figure 6.1. In this proceeding ‘water sensitive urban
design’ (p.2) is advocated by practicing ‘sustainable ur-
ban water management’(p.1).
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Here Brown et al. (2008) show five eras, seen from a
more socio-economical side (pp. 5-9):

From 1800: Water supply city

First modern water city state, large amounts of wa-
ter extracted that should be publically accessable and
delivered by the government

> 1850’s - 1945: sewered city

Similar to Hooimeijer’s Accelerating machine power
age

> 1945 — 1970: drained city

Similar to Hooimeijer’s Accelerating manpower age
>1970 — waterways city

Similar to Hooimeijer’s accelerating flower power age
> 21st century: water cycle city

Awareness of shortage, sensitive to energy and nu-
trient cycles

> Near future: water sensitive city

Unprecedented, requiring a major socio-technical
overhaul, adaptive and continually evolving

Brown concludes that ‘given the significant climate
change and population growth challenges facing ci-
ties, there is a critical need for strategic investment
in solutions that will deliver long-term sustainable
outcomes.(Brown et al., 2008, p.9)

One could state that the stages in Australia are not
that different from the Dutch stages. Although they
started civilization many centuries later and had to
deal with drought much more than wetness.

The water sensitive city is still an idea, it has not been
implemented anywhere. But this step also requires a
major overhauling. This is also something that can be
expected when in Europe we start the transition to-
wards the earliest sustainable state.
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Energy and sustainable planning

As seen in the historical overview of the different
energy eras, in the last decades awareness for envi-
ronmental issues is visible. Gradually, the understan-
ding that the used sources were not endless, started
to emerge and that it would be wise to reduce our foo-
tprint. ‘Limits to Growth’ (Meadows et al., 1972), ‘Our
Common Future’ (WCED, 1987) and ‘Cradle to cradle’
(McDonough & Braungart, 2002) are some of the main
documents to indicate this trend. They each attend to
a different approach of sustainability, but they clearly
insist on the fact that if humans should continue living
the way they were, they would face an abrupt halt in
future (Tjallingii & De Vaan, 2009, pp.5-6).

This change, that has to take place, should occur in
multiple ways. Using the Trias Energetica (Lysen, 1996)
is a much used approach to improve the sustainability.
According to this theory, energy strategies should in-
clude the following three steps:

1. Permanent increase in energy efficiency
2. Augmented use of renewable
3. Cleaner use of remaining fossil fuels (p.1)

This strategy could be more current. Inspired by the
Cradle-to-Cradle method (McDonough and Braungart,
2002) the New Stepped Strategy (Van den Dobbel-
steen, 2008) was created:
1.Reduce the demand
2. Reuse waste streams
3.A. Use renewable energy sources

B. Ensure that waste can be used as food (Van den
Dobbelsteen and Tillie, 2011, p.6)
This new version does not differ that much from Ly-
sen’s version, only adapting the third step.
In REAP — Rotterdam Energy Approach & Planning —
by Van den Dobbelsteen and Tillie (2011) this upda-
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ted version is applied to a principle for the city of Rot-
terdam. Together with REAP energy cascading is used
(Figure 6.2). This principle shows that unused energy
from one actor could be used by another, instead of
considering it energy waste (Figure 6.3).

The cascading principle is an insightful means to dis-
tinguish two types of energy; used exergy and entropy.
Exergy is ‘the useful part in energy, the part that can
be used to perform work, a measure of energy quali-
ty’(Van den Dobbelsteen et al., 2006, p.6). This means
that one could think in reusing unused energy — en-
tropy — for other purposes and therefore becoming
exergy again. The distribution in the REAP principle
can take place in a cascading manner, where the ne-
arest or most needy user could get the energy and
then search a next actor that could benefit from the

Cumulative Socio-Political Drivers

entropy this second user has to offer after use.

When striving for a climate proof region, one should
increase the overall fitness (Homan, 2005) of the re-
gion. Roggema (2009) translates this into spatial crite-
ria (p.5), that form a complex adaptive system, which
is baptised ‘swarm planning’ (Jacobs and Roggema,
2005). It relies on the influence of one local interven-
tion, that catches on and crosses a tipping point after
which it will change the direction of the region (hence
the ‘swarm’).

Project Ground for Change (Van den Dobbelsteen et
al., 2006) is a good example of a new approach with
the use of local strengths. This embraces the thought
that ‘there is no one true method or solution to attain
a certain goal; every location and situation demands

v
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Figure 6.1: Urban water management transitions framework show the different key

transition stages in Australian watermanagement history.
Source: Brown et al., 2008



for different measures’(p.2).

By mapping the local energy potentials, an indication of the
logical energy sources for that region is created and therefore
a guideline for local policy makers. Figure 6.4 shows the com-
plexity that all the different involved parameters bring to end
up with an energy based plan. When all the energy potentials
of a region are determined including their location within the
region, this results in an energy potential map of the region as
seen in Figure 6.5.

Sustainable systems involving surface water that can be imple-
mented also form a list. A brief summing of applicable systems:
- Water heat pump for heating but also cooling buildings

- Heat storage from surface water

- Tidal energy

- Wave energy
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Conversion
devices

Useful energy 55

Coal burner 28

Electric heater 17

Coolthflight/sound 2

Internal heat 76
exchange
Combustion 128

Ondation 44
Mixing 8

Heal 73
exchange

Heal transfer 172

Conversion loss 420

© 2009 JM Cullen and JM Allwood P8 UNIVERSITY OF
Submitted to Energy 4% CAMBRIDGE

Figure 6.2; Principle of cascading where unused energy (en-
tropy) cascades down to the next step where it partly serves as
exergy. Source: Van den Dobbelsteen, 2010

Figure 6.3: The exergy and entropy of energy made visual in a scheme. It shows that the majority of the energy we receive
is in fact not used and gone to waste.
Source: Cullen & Allwood (2010)
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basic information
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Figure 6.4: Energy potential mapping scheme (EPM)
from: Van den Dobbelsteen et al. (2011), Energy Poten-
tial Mapping for Energy-Producing Neighborhoods. In:
SUSB Journal, Issue no. 14, 2011.

- River energy

- Salt/freshwater energy

- Energy island

But also water in a secondary role contributes to ener-
gy use

- Surface water to reduce the UHI-effect (urban heat
island effect). This saves energy in cooling the city

- Surface water as a waterway for transportation.
Transportation on water is more sustainable than on
rail or roads.

- Agriculture on water, mariculture, is according to De
Graaf (2012) more efficient than on land
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Figure 6.5: Map showing all the energy potentials of the province of Groningen, in
the north of the Netherlands. Source: Van den Dobbelsteen, Broersma & Stremke
(2011): Energy Potential Mapping for Energy-Producing Neighborhoods

Water management and flood resilience

To determine the scenario or scenarios are most likely
to occur in the project area (most likely Rotterdam-
Rijnmond region) the reports of the IPCC, KNMI and
the Second Delta Committee need to be studied, as
well as Rahmstorf’s report on sea level rise.

The Delta Committee shows four scenario’s that could
occur within the coming century where each scenario
has different impacts on the urban delta.

Also Brouwers ‘Inleiding watermanagement’ (2008)
forms a valuable source to get a grip on the charac-

teristics of water and the possibilities in managing it.
There needs to be an understanding on the effects of
implementing flood plains, placing defence works or
bypasses. Besides that, it is also important to know
the behaviour and effects of water quality and salini-
zation on the surrounding area.

There are different types of surface water definable in
the urban delta:

- River

- Canals

- Lakes

- Ponds




- Sea/ocean

- Estuary/bay

Each has different qualities and could therefore play a
different role in flood resiliency, but also in generating
and storing electricity. For instance, tidal energy can
be generated in estuaries, not in lakes or ponds. Since
water is the largest solar collector there is, one could
extract thermal energy from every type of surface wa-
ter. For instance, a newly built neighbourhood in Duin-
dorp, near The Hague, is collecting thermal energy via
a pipe connection from the North Sea.

Rotterdam as one of the urban deltas

To understand urban deltas better, the work of Mey-
er is essential, such as ‘Reinventing the Dutch delta,
complexity and conflicts” (2009) and ‘Delta urbanism
in the Netherlands’ (Meyer et al., 2010). For better un-
derstanding the development of port cities, the PhD-
thesis of Meyer is very useful literature, also because
it is comparing four cities. Since this is also a part of
this graduation project, it would be useful to analyse
Meyer’s approach to this comparison.

The urban deltas in scope at the moment are New York
City, Melbourne, Brisbane, Copenhagen and obviously
Rotterdam. Delta cities worldwide have already orga-
nised themselves in different initiatives to exchange
knowledge and experiences. Connecting Delta Cities
(CDC), DeltaAlliance and C40 Cities are some examples
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of these initiatives, of which each has their own body
of knowledge that could be tapped on to. In this pro-
ject these reference cities could be consulted for solu-
tions or designs made that included water resilience.
There are hardly any precedents that include energy in
the urban environment.

Also, if there will be enough time within the project, a
design solution for the Rotterdam region can be tested
on generic qualities by implementing it into one of the
connecting cities, of which New York City is preferred
the most.

In the future urban development can also be taken to
the large surface waters, such as the sea. Nowadays
small lakes and rivers are occupied by floating buil-
dings, but De Graaf proposes this new frontier in his
concept of the Blue Revolution (2012). This holds a
long term vision in which we expand delta cities onto
the water and use this area to create closed nutrient
cycles for the city. A visualisation of this concept is vi-
sible in Figure 6.6.

Figure 6.6: concept of creating
floating extensions of the urban
delta area onto the water to
make a more environmentally
friendly city, called Blue Revo-
lution

Source: De Graaf (2012)

BLUEREVOLUTI==N

Turning polluting cities into productive eco-cities

129



appendix F

ueqdn sueaw siyl ‘(0TOZ ‘LVLIAVH-NN OHM)
050z JeaA ay1 Aq U3l O 1IN0 UBASS 01 JaYIN} USAS

MOJ3 |[IM Jagquinu SIYy| ‘Sa11d ul dAl| ||im 3|doad
ud} JO 1IN0 XIS 1ey3} paldadxa SI U 0E0C Jeah ayy
Ag ‘sease uequn ui 8ulAl] 99 ||Im uoneindod pliom
9y} Jo jed Juasdie| B USAS |uniny Ul 1Byl Mmoys

SUOI11IPaId "S3IID Ul dAI| pldom 3yl ul djdoad jo
Aniofew ayy ‘Aepo] 9ouls uana Ajpides Suipuedxa
ud3( o9ABY pue dAIEBIIIE  dJOW  BWO0II(Q
aney salyd ‘Aunjuad yjusslauiu syl ul doeld
3003} UOIIN|OASY |eld1Snpu| 3y} SDUIS J9AT

Se}|op ueq.in 0] jealyj e w:_usmvo.:.:_ T

wep.Ja110y ‘el dp ASNJN_ duIyy
‘INdT ‘dV3y ‘Suppesppeq ‘ASiaua ajgemauas ‘quawaSeuew Jdjem ‘e}dp ueqin — spiom Ad))

‘B}|9P UBQJN d|qeulelisns e 1o Abajens
|euoibai e w0y 03 syuaipalbul 3ybu sy} axew ey saijiqissod Jo maiaIaA0 ue swioy Jaded siy|

's,011euads aininy 0} 3depe 03 eyap asnaN-auIyy ayi ul buiuaddey Apeauje

SI Jeym jo uels ayi isnf si sdejn |erpusiod Abisugz Bupjew pue dy3y ayi Se yans saAelu] “ednabisug

sel] ayy sadedal (g00z ‘uslls|pqgoq uap uep) Abajesnys paddays meN Apeadje |enusiod jo 10]
e MOYs juswabeuew Jajem se ||om se swaisAs ABiaus ajgemauas ul syuswdolpAap Jualind ay|

‘3sed ajqeuleisns e yum auning ay3 buiydlew ase yyog ‘yoeoidde uispow ayy ul Ajjeidadss

‘MOys saijue[iwis ‘Juswabeuew Jajem pue asn ABusus Ylog JO MIIAIBAO DLIOISIY B Buppespeq
Aqg ‘usy] ‘pay21ays sI uollenyis aininy ayl jo uondipaid e Buiysedraloy Jo poysw ayy ybnoayl

‘SpueliayiaN 8yl ul uoibal wepionoy

9y} ul yoeoudde pauiquod siyy Joy sanljigissod ayy sasojdxa Jaded siyy juoibas ayy o1 spaye |eneds

9y} 2Je Jeym pue sej@p uegsn ul Juswabeuew Jayem pue AbBisus |euoibal d|geulelsns Ul Jajem ayj

JO 3]04 3y} sI 1eypn ‘uaddey siyy axew 03 A9y 8y} SI Seydp ueqgdn ul adepNns Jayem ay] ‘edualjisal Abiaua
Se ||9M Se 20Udl|ISaJ Jalem SpPIemo} Sjuswdo[dAap S|geulelsns JO UOIBUIGUIOD ke 10} SYSe SIyL

“JUBUIWS SI SWI)SAS 9|CeuleISNS a1ow 0} JIYS B pue S82Inos

JO 9sn juaiye alow e ‘Abisus Joj puewsp bBuiseasdul ayy pue s|any |1sso4 jo Aldieds buiwoddn ayy
YU ‘PHOM 8y ul sease Buluunsuod ABiaus 1sabie| ay) OS|e aJe Sa1d 3say} ‘Bwil awes ay} I

"193eM 8y} 40} 9oeds aJow :UOIIN|os d|geulesns

e Joj syse siyl ‘uoneudidaid asusjul siow pue [9As| eas Bulsu ‘sisAl Jo Buipooy :@duapisgns

pue abueyd sjewid> 0} anp Jajem ay} wolj jeatyy o|di} e Buidey ale pue SIUOILBIEM Jeau pPajedo|
9Je S3I}D 9SBY} JO ISO|N 'SO1ID Ul Al pliom ay} ul jdoad jo Ayuofew ayy ‘Aepo] — 1peansqy

9JuaJaju0) Wsiuequn qe] uoljenpelo | TT
€107 ‘AMenuer Tg

|UYoPNIIUBPNISOUSSA1D ~ 8EZ69TT
uasAq (uedser) 1>

el[ap 9SNJIN
-2uIyy 9y} 10} Abajess e ayeald 03 swashs Abisus ajgemauai
pue Juswabeuew Jalem Jo sjennualod ayl bulojdx3

se}|op ueq.n d|qeulelsns
10} UOIN|OS B SE 1d}eM 3de}INS

130



appendix F

‘pa1dalgns
S| uoidas siylr yoiym o1 ‘19fosd uonenpesd
9Y} JOj suollepusawwodal 3dnpodd |[IM MIJA
24N1eJd}l| SIY} WoJy S}NsSaJ Byl ‘SpueldayiaN
3yl ul eyep asnay/aulyy Syl o1 paldde
9q ued 33pamouy Siyl ‘eydp uegdn 3|geuleisns
e spisemol A3sjesis e jo ped ag pjnod 1ey
‘paruasaud s sswwesdoud pue suonnjos a|qissod
JO M3IAISAO ue ‘Ajpalyl "suolanjos 3|geuleisns
Suppesppeq ur didy osje |Im SIylp  -auop
S| luswadeuew Jalem pue sadedspue| ASuaus
JO jusawdolaAap 21403ISIY 9y} JO uoljeso|dxa ue
‘A|pu023s ‘paJo|dxa 3Je SUOI}PUOD JDIBM SWIIIXD
pue Aiaua 8ujuiaou0d s1ealyy aininy ay3 ‘Ajasdi4

€-d ‘9007 “|e 39 Ua315|2qgOQ UdP UBA :924N0S
‘Sunsedydeq pue Supjdespdeq ‘Suiisedsuoy
Jo sa|didund sy Ajuepd 01 uonejussaidau oydesd v T aunsi4

Bupseayoeq

ainyny ajqeuiejsns - l

aimyn}

R~/

Bupsesalo)

(¢°d),,mou dojanap o3 paau

aM S$3Inspawl pup sa1bajpils 031 Xobq 31DIS

S1ya bunpjsupdy pup [] a101s aininf paisap
b Jo uonduasap ayi buinjoaul, si 3uiisedypeg -

(¢°d), wnuqiyinba ajgouibisns

D SOM [[13S 343yl AW} dYl 1D SIUDISWINIIID
/D31403S1Y UOo, suolin|os 3uiseq sI Suppesppeg -

(¢d), 5100942

wJaj-buoj  UoO  UOIIUIAIIIUI  UMO  INO

pup sjpuawdojanap uatind fo saduanbasuod
ayr awwnsa o1 [] , sl Bunseddsod -
(9002 “Ib 12 uSA1S|2qQOQ UAP UBA) SMO||0}
se paulap ag ued Ayl HoYys u| ‘spoylaw 234y3
9s9y3 Jo 9|dipund ay3 smoys T 34n3i4 ‘Sulisedydeq
pue 3upjoespoeq ‘Suiisesssos Aq suop aq ||Im SIYL
‘uoigaJ eyap ueqsn ayy ul
pajesdalul Ajjeneds aq ued Asyl moy pue dejuano
1ySiw Asyy LJaym 39S 0} pue S$IIUBISWNIIID
aininy 9y} o1 1depe 01 suolysuesy A3isus
pue 22udljIsaJ poo|} Jo) san|iqissod d|geuleisns
9y}l aJojdxs 01 si Jaded siyy jo asodind ayj
*S92UBISWNIIID
2Jniny 9yy o3 3depe 03 swaisAs  ASusus
pue swalsAs 2duaep pooly JIdYY ul sasdueyd
jew 03} pasu seydp uequn ‘Ainluad Sulwod ay|

ysed aiqeleIsns

Buiyoenyseq

‘Suna|dap
a2Je s22unos A3uaua pasn Ajusauund ayy Jo

Auew pue swalsAs Jalem syoa4je a3ueyd arewl|d
‘sand(edaw) ol sjdoad jo xnjjur pides sy
Sujuue|d wouy pedy ‘Jsuuew swes syl ul mous
0} anuiauod Asyiy uaym sijeasyy Jofew 04 |[IM
se1jap ueqJdn 3asayl Ainjuad Suiwod syl ‘U9AIMOH

"92IS pue
Jagwinu ul aseaJdoul Ajuo ||Im pue seale ej@p ul
pa1ed0| aJe pl4OM 3y} Ul S213D 1s934e| By} dJ9YyM
‘uonenyis s,Aepoy ur sjnsas syl ‘suonendod
e19p 3uimosd JaAd 3sayl 3uljjdny pue 3uipasy
doay 01 9|ge sem uew ‘qeyy jo doy uQ ‘9|qissod
uoisuedxa uequn 3jes apew puel Adwems
wouy Aeme ualem Suidwnd pue sayip 3ulp|ing
"0} pa123lgns uaaq aAeY Se}dp 1eyl dJ4njeu wouy
S1ea4y} 9S9Yl SWOIIDA0 0} Sainseaw padojanap
sey uew ‘y3noyy ‘sa8e vyl J9AQ
*3|qe1 a3y} 03 s3uliq
J9y1a801 8Buiall sSuisq uewny eyl Auxsjdwod
Jo dol uo 1eauyr s,unleu Jo  saluxa|dwod
9y} e} 03 sey auo uls ‘dojansap 03 I N2IYIP
9Je se}dp 9sayl 1eyy smoys Apes|d siyl
(cevd) ,afij jo1o0s
pup [0iN3N3 2IWOUOIS JO }NSaJ pub UOIIIPUOI D SD ‘Suia1ind
ubgun Jo Axajdwod ay1 yum pup ‘Das pup SiaAll fo builaaw
ay1 so ‘byap ayi Jo Auxajdwod ayl yum [pap oy anoy Aayy =,
:se s2quIasap (600¢) 49AN yoym ‘“Auxajdwos
ajgnop e se UuUdIS I(Q DJ0OJOIdYl UuBD Seydp
snoJayoeasy 8yl JO uolleziuequn Yyl
‘|lesuted
Aneay yum Suiesap pue |9A9] eas ul sadueyd
‘Seds 9yl WoJ) S$984NS WIOIS ‘SPOO|} JIAM 4O
S1eaJyl ul synsaJ syl ‘(600¢ 49ASIA) pue| ayl uo
Swa3sAs Y10q J0 S199442 9y} 3upualiadxa ale |eap
os|e Aayl ‘199w e3s pue JaAl 34aym ded ayl
Se pauljop 9q Ued Se}dp AJUIS “JIIeM Yl WOy
134y} 3yl 01 9|q11daossns AJSA e os|e uolleziueqdn
0} 9|qeJnoAe) AJan wouy Jede aue seyaqg

(2T0T ‘4eesn aQ) wouy apeJy 1els 0} aoe|d jeaud e
SJ9J40 1 “1ey} jo dol uo 1ng "ie|} uslo pue AL}
SH Jo asnedaq sdoud 3uimou3 01 9|qesnoAe) S|
pue| sy "a1sem jo 3sodsip 03 1odsueuy Jo spowl
e se os|e Ing ‘Supjulp Joj pasn g p|nod eyl
‘S92JN0S J91BM 3|gel|aJ WO} 12U P|NOI SI9[113S
SeaJe e}9p U| ‘SUOIIPUOD 3|geJInOAB) By} 0} anp
SEe}9p uegJdn JuaLINd 3y} 01 UMoJ3 aAey pue o3e
S3LINJUDD U3y Po1I3s aAey 9|doad 'SluospIaIem
18 JO Jeau pIaledo| e SID ISON

"SeaJe ueqJn 9y} JO UOIILDIHISUSP B YUM Jay1aSo)
‘sapedap 3ujwod ayl ul de|d ey ||IM uolsuedxd

131



Awouods |esauiw ay1 jo ASusua — ||

*}e9y 91eJauagd 03 924n0s Auaua se pasn

Ajzsow sem jead paisanley eysp yoing [yl uj
‘Sj@aym

Jolem pue sjeoq 3uljles ‘s|iwpuim Jo suesw
Aq s|dwexa Jo4 ‘uolieysodsuedy pue Aiisnpul 9|eas
[|[EWS J0J pash aJ4am Jamod Ja1em pue puim Jaie]
‘8unjeay Joj pasn sem ‘poom Aqg pajjan4 ‘a4i4

"POO4 WoJ) dwed ‘siyl |any 01 papaau ASusua ay]
‘S|ewiue s}l 4O 1By} pue S3[dShw UMO SH Jo Jamod
9y} pey Ajuo uew ‘Og sieaA jo spuesnoyi ‘1sJi4
*Awouo23 djuedio ay3 Jo ASusus - |

"(ov-¥T°dd(zT02) 119]enbsed Aq
paquasap ‘sadedspue| AS1aua ul s23e1S JUBIDYIP
9yl 031 Sulptodde pazii0391ed 159Q B¢ UED dwil
J9A0 $924n0s AS4aud pasn Jo sadels JuaJaIp BYL

$924n0s ASJoUa Ul SEJ3 UL T'E

juswadeuew idlem pue
9sn A842ua Jo jJudwdo|aAap J140ISIH €

'sieaA Ajuamy
1XaU dY3 UIYUM Jndd0 ||Im d3enioys ayl spipaud
11 20uIs Ajerdadss ‘uidduod snowds e SISyl
'€ a4ndi4 jJo ydesd sayy ul Suimoys si ded isen y

"ZT0T ‘YaL AON passadde ‘pineqriadoy/1aurnaq siie//:dny
:auljuo ‘Abiau3q ainin4 ‘(9002) Jadoy 1924n0S
“JUBUIWS SI $924N0S AS19Ua Mau SpIeMO] UollISuel) e

smoys Ajaea)d syl ‘s|any |1Ssoy 4o Alljiqe|ieAe sy} pue puewsap
9yl usamiaq udap ASuaus pliom Suimoys ydeso :¢ aunsi4

[wouturmuns Msmuz oo e JEmu3 5R0 04 €90 = 903 0O e K033 10U A5 RO |
ok
00CE S22 0SIT ST2C 00ZT 5212 051 52T 00IT SL0T 080T 5202 D00T 5261 D561 ST61 0061

—————"
ﬁ (174

i
| RBiaus sjanj-|isso4 M

\1
\ [1:72

/ 0001
\ LEE
Jwalgold & sAEy 2m PO \\
M21J2p S[any-|ISso4 08t

=]
=
]

L L

7.4 05T
- uosiadimy-Z1L Jo asn ABiaua puom | 0542

[ 1 1 T T 1

3 Afiau3 g S|3n4415504 PO

'SMoys € 24n31} se ‘spuewap A3isud
24NN} JNO 199W O} |eIIUSSSD S| S924nos Auaus
9|gEMBUJ 03 UOIISURI} i 'SE3JR UBQJN Ul SAI| |[IM
9|doad aJow U3AS udYM ‘Bininy Byl Ul SE3UdUl
[IIM SIYyl S92 ul pawnsuod Ajsow S| pash
A34sua Jo unowe spIMplIOM 3yl ‘(6002 ‘UIMQ)

SulAl [eana ueyl 1uad1y4 AS19ud auow AjPAIE|RU
SI 21319 Ul J4ay1a801 3sopd Suinll ySnoyyy
‘eaJe ueqgdn dn 3jing A|]9suap ul J91eM 32e4INS
91B3J0 01 1NJIIP 2J0W 3q [|IM }| ‘Seate ueqdn
ul os|e 1nq ‘seaJe |eanJ uj Ajuo jou ‘pue| uo Ja1em
9oejns aJow 3ulleald S91LI0APE Syl “Jolem
JO MoOJjul dwaJIxa ue d|puey ued Aydeded Jayng
pasealdoul ue aJaym ‘s|qeins aJow 3¢ p|nom
A3o1ea3s onndepe sJiow e 2J0ja49y)
‘ulepadun AJan
9Je ‘J31|E ||IM J21BM JO SIJUNOWE Byl yonw moy
AQ jo sojewyss ayy ‘4anamoiH ‘Ayoeded 3uidwnd
uiseaJoul pue saoudjap pooly 3uisies Aq yum
1jeap 9g ued syl ‘uoljeydipsud swalIxs alow
pue 934eydsIp JSAII SWDIIXD dJOW ‘DSIM |9AS| BIS
:1eadyy Jolem o|diiy e 2.y ||IM Seade e1jap ueqdn

"7 24n31

Ul S91BWIISS By} YuM saydlew 3} Ing ‘uiSiew
284e| e (1S st syl (TTOC ‘2@ Nfs1seminz
neaingewwesdold) wd GET 01 S9 yum
U3Sld 9ABY [9A3] B3S 3yl 00TZ JeaA oyl Aq 1eyy si
uonIpald Aj2y1] 1s0W Y3 1N ‘1se02 Y2Ing Y3 Jo}
SOLIBUDIS JUDJIDHIP Sey OS|e 991Wwo) eyaq ayl
"9SW ||IM S|9A3] €3S 1ey) apew

9q ued uopdwnsse ayl ‘Suollewlse® dSaY} pue
S|9A3] €3S JO syuawdo|aAap 1ua4ind ay3 Suipieday

passadde ‘|wiy 62" 0TOLZ d1eW!|d/|Iny/¥00T/0T0C
/21ewip/wod ainjeummm//:dny [:auljuo] suodey ainjeN
‘U] "9SIJ |9A8] BAS U0 MBIA MU Y (0T0Z) Hoiswyey :82In0S
‘WO OGT UeYl alow AleA sarewnsa ayj yeyl smoys ydeib siyL
"AIuao Tz 8y} Ul asl [9A9] Bas pajoadxe Jo abuey g ainbi4

| 0%

1 ool

3511 [aA3) eag

(w2)

— o8t

1

— 00z

17 24n31
ul uaas aqg ued se ‘Ajpuediyiudis Adea synsaJ asayl
"9SIJ |9A9| BIS ueAW By} 10Ipatd 03} Juop uIdq
9ABY S3IPNIS |BJOASS SJedA ma) 1sed ayiy JIAQ

‘0} 1depe
pInoys am suoiipaad aininy ayl ¢

132



appendix F

1ng "ymwou3 ueqsn pides pasned ydiym ‘spuno.g
Suip|ing pue puejwJie} mau pajeaJd siyjl "d|qissod
Sulopjod 984e| spew sdwnd pasamod wesls
"191em 9y} |0Jju0d 03} uew 03} Jomod mau Sulnig
‘uoiIN|oA’y |elasnpul 8yl Aq payJew si eJdd Syl

Jamod maN :068T — 008T - Il

(setd ‘6007 ‘12A3N)

,ubisap upbgun pup buliaauibua 2iinpipAyY [|pI am
Abpol 10Yym, USDIMISQ SSOJD B ‘493UIUd [IAID 3Y}
JO yuIqg ay3 payJew eds siyl pue juepodwl asow
9Wedaq SJUBUJBA0D "3l 10U PIp SJawe) a8yl
UYIIYyM ‘puelualuly syl JO S|9A3| Jo1eM 3yl 10944e
os|e pjnom 3uliayng siyl "191em 31Sem 3y} ||e no
ysnj4 01 Jaynqg e pjing 01 pey ‘wep Sy} punodse
paw.oy 1.yl Sa11d ‘WalsAs ualem uequn syl ues|d
0] ‘wep ayl puiyaq s4apjod ay3 Jo uolepunul ay}
[043U0D OS|e p|NOM SIy| ‘wep ay3 3ul||oJ3uod uo
po8Jawa seaJe |edns pue uegin usIMlaq S131|4U0d
BJ3 SIY3 Ul 1eyl sppe (6007) J9ASIA ‘siyy 03 pappy
*J91eM 33 UO |0J1U0D dJow 193 y2inQg

ay1 sayew yoeoudde paziuesio Ajjesiusd e ey
Jo doj uQ -9|qissod spesy plom pue 3uapjod
‘SWISAS |eued dyew SIJIN|S pue SAYIP ‘swep
‘S|Hwpuim  Se yons sjuswnJisul  |edidojouyda ]
Ajun jo Jamod :008T — 00ST - Il

‘93eulelp [0J1U0D 0] UdNE)
aJe saAllellul ||lews AjuQ "aunjeu o} 1depe sjdoad
yaiym ui spuejyssew Auew jo sisixa Asaunod ayyl

Jamod |eanieN :00ST JeaA ayi a4043q - |

:(ASojouiwuay s 4allswiooH 3uisn) seda uimo||oy
9y} Ojul papIAlp sI ) “Auoisly juswaleuew
Jalem  yolng aylr yoeosdde 01 auldpind
Je3)d B S9AI8 MIIAIDAO DAISUDIXD JIH ‘e}ap
yoing 9ayr uo sasndoj osje (110c) 49[lswiooH

‘(g€°d),sarunwiwod [pinJ ay3 pup

ubngin ayl Uaamiag uoipjal ayl fo uorsanb ayi o1
pa1b|al Uu3aq spy aauafap poojlf pup Juawabpubwi
J21om  Jo uonisanb a3yl spupimol yoing ayi
sb yons uoibat A1ai3pom b ul ‘Aioisiy inoybnoay],
:s91e1s (6007) J49AS|A "uoneziuequn 01 palelad
Aj9so|p uaaq sAemje sey jusawaleuew J31BM\
Juswa3eueW JO1BM Ul SBJD U4 T'E

"asn A3uaua Supjpeapppeq jo ajdwexa
Jeap e s| syl "o3e3s dluedio Jno 0} pausnial
9ABy oM pue padjdwod S| ssad04d  Jenaud

e Aes p|nod auo 40 ‘98e yilinoj syl Jo 3uluuidaq
9y} 1e Ajuo aJse am aJoja49yl pue 3una|dap
S| ‘9aunos A8usua pasn 1sow ayy Apuasund
‘sjany 1Isso4 ‘Awouoda 3|qeuleisns e jo 3eis
9y} ul ||13s aJe am ‘Aepo] ‘anoqe sa3deis ayl ul
PauOIlIUBW S924N0S3J dY3 JO [|B 3sn ||13s am ‘Aepo]

*A343ua 3|gesn o3ul uns ay3 4o Jamod Y3 149A0D
0} sanbluydal uJapow sn SI3|10q Je|OS Se ||]9M Se
s|jaued ajejjonoloyd pue yliea ay3 ul dasp wouy
paloeJixa s| Jomod [ewuayroad ‘jeyl jo doiy uQ

‘SjuawinJisul uno siamod 1eyy

A11014309|9 938940 0} pasn aJe ssewolq pue ASiaud
puim ‘JamodoldpAy Se yons S32UN0S "JUIIIYD
9JOW pa3IsanJey 3 Ued $324n0saJ 3yl ASojouyday
paosueApe  YlM  ‘JOASMOH  ‘S92JN0SaJS  Swes
9y3 JO 3sh sy} uo paseq ‘a8e 31sJ1} Yl 0} Jejlwis
papJeSas aq ued a8e S|yl 'S92JNOS d|CEUIRISNS
J0 3sn 3y ul syNnsaJ sIyl (z/6T /o 19 SMOpe3|A)
JYimoi3 03 spwi|, Jno 03} pue uopRdwnsuod
A343ud Jno jo ssauaiseme 31sil} 9Y3} S,0/6T 2Yl U]
Awouo02a 3|geuleisns ayi 4o A31aus — A

'91SeM dAIdeolped |eyls| saonpoud
11 ‘a8ejuenpesip su pey A8uaua Suiresauasd jo wioy
Siyl ‘A8ssus 93es4suad o1 |an4 |Issoj jo ujuing
Sunnjod syy Joj 91N1ISGNS Uue3|D B Bwedsq
Jamod Jeapnu Aunjuad yisnuaml piA
*A843ud a1nqu1sIp 01 walsAs ayods-pue-gny a34e|
e 3uneaJd ‘ssouelsip adie| Jano A3usus podsuedy
01 9|qissod awedaq U AudouPlR 3Suijesauald
YHM ‘s|an} |1ssoy Aq pasamod ‘pajesausd sem
A1d1412919 Adnjuad yiusslaulu dyl JO pud Yyl 1y

Awou029 2143299 9y} Jo ASusus — |||

Jeadde 01 pajsels swaisAs uoinquasIp
pazi|eJ1uad ‘os|y "8ulAl] pue Suiziodsuedy ‘uip|ing
ul 1sisse 01 saulyoew Sunessd Ag Lunleu jo
59240} Auew Janbuod pjnod uew ‘Aiaua yonw os
03 $S9228 3y} YHAN ‘|9AI9] |ediSojouydal e uo del)
1uel3 e pajell|ioey sjany |1Sso4 ‘sed sjeys pue spues
[0 woJ) [I0 Se Yons ‘9|qISsadde awedaq s|any
[ISSO4 |[EPUOIIUBAUODUN BY} ‘AJNUdd Yia1zuamil ay3
Sunp panosdwi sanbjuysal usyppn apimpliom
padiawa Suluiw sed |eunjeu pue |10 ‘punoud
9y} oju| daap ||up 01 padojansp sem juawdinba
[elISNpuUl uaym ‘Aunuad yjuaslaulu pIn

‘sauiSua
Wweals [9Nn) 01 924N0S Ulew 3yl SeM }| "UOIIN|OADY
[erasnpul ay3 Jo umep ay3 1e Ainjuad yiuaalysdie
9Yl Ul PpaMEelS SS2I0NS dnJ} SU NG ‘saJly
|an} 03 pasn sem |eod Ainuad €T dy3 ul Apeauy

133



Suinjons Ajlenuinuod pue aaidepe ‘[neyJano
|e21UY233-0120S Jofew e Sulinbad ‘pajuspadaidun
A2 SAIHISUSS J91BM 124NINJ JBIN

$39]9Ad JusINu

pue AZJaus 01 9AIlSUIS ‘©3el0ysS JO SSaualemy
A2 9pAd 193eM :AINjuad 1T

23e

Jamod Jamo|} Suilessld2e s J3(1swl00H 0} JejiwisS
A0 shemualrem — /61

23e

Jamoduew 3u11esa[ady S,43[IsWI00H 03 Jejiwis
Avd paulesp :0/6T — S¥6T

98e Jamod

aulyoew Sunesa|@y sJaflswiooy 01 Jepiwis
A¥d pa1amas :GH6T - S,058T

judwuJan08 ay3 Aq paJani|ap pue a|gessadde
Ajleanignd g p|noys eyl paloeIIXd  Jdiem
JO syjunowe agie| ‘@3els AyD Jalem usapow 3sii
Ao Ajddns ua1epn :008T Wo.U4

:(6-g dd) apIs |E2IWIOUOID-010S 2J0W B WO

uaas ‘seta aAl} MOYS (800¢) '/p 12 umoug dJ9H

8007 “/p 13 UMOJg :324n0S
‘A103s1y Juswadeuewlalem
uejjedisny ul sagels uollSUBI} AdY 3JuUBJAYIP BYl MOYs
JJomawely suollisuely JuswaSeuew Jalem ueqdn :fy ansi4

d

ir SAWAIS sa3||neipiy
DA N ARG, uopnjod ‘abeuieig abesamas Aiddng
Bupuojup Buntousosd 82inos ssnjjp || ajemdag
ubisap uegan ‘uofiEAIESU0D § 2 lI0d
F UNONASRYL] saounos asodind
opauny «10)-1l) ‘9519A0
*anidepy ¥
Ao A L] Ao A 5]
onysUBS JMEM 89RO JEM shemsaiem paulEIq poiames  Aiddns aiem
abueys ﬁ — —
ajewya o) Kunoas
wouajjsas “Anba JRinjeu d ¢ 558008
[euojjesouabaauy uo sjwr ‘AjudLe [B1305 poojd yyeay sygng Kiddns sajep

-— sI3Al(] [E31I|Od-0120 3ANE|NLNGY

‘(1°d),2uawabbupbw

J31pm upqun ajqouipisns, 3uidiyoesd Aq pajesonpe
SI (¢d) ,ubisap upgin anjisuas 4aiom, 3uipasdo.d
SIY} u| ‘¢ 24ndi4 ul usas se (8007) Suom pue
yieay ‘umolg Jo sJomawesy 3y ul (y'd(800¢ “/p
12 umoug) ,sa1b1s uoisupJy A3, JUBIBHIP BY] Ul
U33s ¢ UED dJUe|eq pUl} 0} JUSWIAOW Je|lWIS Y

‘paduejeq Ajgeuieisns aJam juawadeuew Ja1em
pue udisap ueqin aJaym awil e 03} Suppespeq
se pajaidiaiul aq osje ued syl ‘(£8z'd ‘T10C
‘13(1IswI00H) ,Aem 1uai1d1449 1sow 9y} ul sa8uadjjeyd

JUBJaYIP PBUUO0D  jey} siuswdopAsp  ueqdn
x9]dwod :53004 S} 0} UJnaJ ued A Jalem yoing
M3U 3yl ul passaidxa uolped| ydaing aul4 ayy,

:T°€ 491deyd ul se Jusawalels
JE[IWIS B UMM SIpNjUOd OS[e J3[IswlooH 3JaH

‘'spooyJnoqysiau 3jing Ajmau uj Ja1em
90B4INS 2Jow Ul s3nsaJ syl ‘Araoud 1saydiy aya
se swoalsAs ua1em yim padojanap aJe suoisuedxa
ueqgJdn ‘9|eds Ad yiomiau e uo dejd Supjey Jels
Sujuue|d pue sajeds |euojjeu UO Ipew Je $3191|0d
‘'sue|d paJssulSus J9119g 93ea4d 01 SJauUdIsap
uegin yum 3pamouy JIdyy aJeys sJaauidud
[IAD  aJaym  ‘yoeoudde  poles3squl  auow e
sasned polsad Jamod JaMO[} B3 JO UOIIBNUIIUOD Y

Jamod anndepy :3uasasd — 066T - A

'spooyJnoqysiau JaMo[jined
ul su8isap ueqgJn paduejeq aJow ul SupnsaJ
‘5351801009 yum Jayia803 paijeasd aJle sai3aleds
juswaSeuew Jd}eM MIN dJNjEU  pue uew
uaamiaq diysuolle|aJ snojuowJey 9J0W € SasNed
(z26T “Ip 12 smopeajy) awoy Jo gn|) ay1 ‘siaylo
1s8uowe ‘Ag pasies SSaUDIEME [BIUSWUOJIAUT

Jamod Jamol4 :066T-0£6T

*SeaJe 9SaY] Ul DIUIPISONS pue| Jaylinj Sasned
os|e siyl ‘|meads ueqgdn siy3y ul siapjod pazjueqan
9y3 Suiuieap ul |BI3UISSD [|13S INQ ‘SpooyJnoqysdiau
JO uonesedas Se pue eale  |euol}EaJIdd
se pasn Ajulew S| J31eA\  CwWSluegdn  syJew
uollezipJepuels Jepp PMOA PUOISS BY} JOUY
Jamoduew :0/6T — SV6T

'94Nn30NnJ1s ueqJn Suipes) ay3
J93uo| ou walsAs Joiem ayl sayew siyl SwaisAs
93emas pue sjies ‘speos Aq paoejdas 3uieq
2Je pue Jeaddesip 01 Jels sialem ueqdn (gGT°d
‘ITT10C ‘49f1swiooH) ,oseyd aanendiuew, siyy uj

Jamod aulydew :Sy6T-068T

‘suolydasqns

934y} ojul powad sy SsapAlp  J3fIswiooH
'9|B2S Ul 3seasoul Jayjoue 2iey|oe} sauldud
joJ32d se yons ‘suojjeAouu] |edidojouydal MaN
ssamod 8ulesa|a2ay :066T — 068T - Al

‘Atessadau

SWeda(q IDUBUIIAOS J91BM |BUOIIBU B ‘pPIsea.dul
spofoud By} jJo 29JedS By} oasnedag SaNP
Suimoud ayy jo Ayjenb uaiem Jood ay) aseasdul
0} Os|e ‘uojsuedxa ueqin yim pajesdalul aom
sue|d Ja1em pue 3np aJom sjeued 3ui}daUU0d MIN
923U9pISqNS pue|

9y} paseaJou] 0s|e J93em aJow uaAd no Juidwnd

<t
™

1



appendix F

*19119q 3y] ‘PaJ01s 9q UBD J1BM SS3IXD
9J9YM SI91EM DDBJINS dJOW Byl ‘ 2J0jaJay]L
JUBDIYNSUl 9  ||IM  SWISIUBYIDW  JUdJSpP
959y} ‘SJ919W OM] UBY) dJOW 3SII P|NOM S|A3|
Jalem eas I ing ‘Aunjuad Suiwod ayy ydnouy
sn djpy |m suonejuswadw asayl -9|qissod
se uoos se apeis3dn ue pasu 1eyl ‘wepialloy
JO 1S9m  Sa)Ip 9yl aJe uonuane jo julod
1U93un [uow Yy ‘wepdanoy 4o A1 syl jjo upo)
‘S|9A9| J91BM BWJIXd SulINp Pasold aq ||Im eyl
wa3sAs pasojp/uado ue aney Ayl 1Isow eale ay)
18U} SMOYS e}ap asna|A-aulyy ayi Joy ASeiresns
e (TTOZ ‘ey2q aMj@1sampinz neasngewwelsoud)
e}]9Q UJ91SaM-yinos ay) Joj swwesSoudd ay3 uj

waisAs 1a3em jual|isal pooy} 104 sanjiqissod 'y

*348123Y QQOET T 42N0 el [|IM
|9njo1q yum A3Jaua Jo Junowe swes ay3 adnpoud
0] "J91em pash a8yl jJo asodsip 01 § Jayjoue
pue yomod 3uijesauad 4oy 8 ‘©3eJ01s 40} S24e3I9Y
9Ty saJinbas JsamodoupAy ‘ooeds jo asejoay
6EE e} ||IM neme33N 00ST 40 plaiA e leyy
paie|ndjes si aJ9H *(8007) SIPUYdJY adeaspue]
StN+H Aq xepul-zw/ymy ayr si Aousioye
pue p|alA  Buiziiensin 01 yoeousdde uaylouy

"B}|9p ISNSA-aUIYY |Y1 Ul paleniis
SI Ydlym ‘y3)30g 9yl Ul 3|qIseas 1sow 3yl oq
pINOM — J91eM 1|ES pUB USaJ) U9am1ag SISowso Ag
Awd14109)3 — jued A3uaus an|q e 4oj 9de|d 1599 Iy}
1ey3 smoys (600¢) 3end Ag Apnis Jayiouy
“JU3IDIHD 3q 03 p|alA ydnoua
91eJ9Ud3 01 MO|S 001 S| J9lem 9yl Jo paads
9yl asnedaq Sl SIYl ‘XNn[} JOAL 3y} pey |enualod
1se9| ayy ‘ASusua |ewuayloasd pue (adesols p|od
pue joy) Jalem ul A3ious |ewusayl aue Aidde o1
sanbjuydal a|gelns 1soW ayl 1eyl SMoys g aingi4

(05°d ‘800¢) sa4e313Q :924n0S

‘lenualod 1ses| = an|q ‘|elpualod

98esane usaud ‘|ennuslod ySiy = pay ‘a|qeisanley Ajjeisidos
pue 9|geisaniey Ajediuydal ‘jenpualod |e1o1 uo (woinoq
01 do)} Wouy) paled aJe $324n0s ASI9UD JUBIRHIP BY] G 24n3i4

1oDquh
y(ijaddpyasiooyy

1ooquim
HE Hh i

Bubpiamda

abiaua
3p0

EEEN -

|ydsian Bojsdo  psspwoiq [onsn-/
anm| awon apnoy aypsi | Buibamaq | Guiwiods | ua. waipolf
-Diadwal pibo | -uipm -bnby -Jlob | -uap(nab | Buiwi N0Z1302 Jool/td

'G 24n314 ur umoys si Apnis
Aj1gISea} S1Y3 JO 1 NS4 Y] "9|qISed} dJe SusWI|D
|le 30U 3Ing ‘B3P Yyoing a3yl ul pajuswajdwi
9q [|e p|nod dJe s324n0s AS4aud JuUBIBYIP SAYL
A8Jsua |ewsayload/siajinbe wiem e
19400 S,Y3Jea 3y} WOJj uoleipel JedH -
SMOJ} |epl} e
S9PI} Ul 20UBJBHIP WYSIBY e
:uoow 3yl wod4 ||nd jeuoneyinely -
Jalem ul ASusus jewisayl e
J9)}eM pajeulesap e
93JeyosIp JoAIL e

SOABM e
ssewolq onenbe o
ydiuns - -

:SMO||0} Se paziuedio
2Je pue s224nos Asewnd 924yl Ul UOISIAIP
B SMoys 3} -Joi1em wouj ASusus 1oeUIXD eyl
sueaw jo sailljenb ayy paipnis (800¢) s=4er=d

AS19ud djgemauail Joj sanjiqissod Ty

‘suonejuswa|dwi
a|geuieisns  9|qissod Byl 18 Moo|  sn
197 "1sed padsuejeq e ul $S922ns J1ay} SuluapISuod
‘g|qeJnone) 2Je — aINleU  YUM  UOI1B|3JI0D
Ul — suolNjos 3|geuleisns 3yl SsAepemou
18U} 9[]ISIA SI I M3IA JO julod |B21I03SIY B WoJS

e}jap 9|geulelsns e 3ujusisap
ur  samMqissod jo Aeuy ¢

'91e1S 9|qeulRISNS 1S31|Jed
3yl SpJemol uoljisues) a3yl els am adoung
ul uaym pardadxe aq ued eyl Sulylpwos os|e
SI syl ‘Sunneytano Jofew e sasinbas osje dais
siyy 1ng -asaymAue pajusaws|dwi ussq j0u Sey
11 ‘eapl ue [|11s sI AJD SAIISUIS J3lem By

"SSaulaM ueyy
2J0W ydnw 1ySnoup yum |eap 01 pey pue uale|
saluNuad Auew uonezi|iap pauels Asyl ysnoyyy
'sadels yolng 9yl WoJy JUBIBYIP 1By} 1ou
2Je elleJisny ul sa8e1s ayl 1eyy 91e1s pjnod auQ

(6'd “800¢ “*/p 12 UMOJg), SaW0IIN0 3|qbUILISNS
W3a3-buoj 4anjjap [[im 10yl SUOIINJOS Ul JUSWISINUI
2163310435 40 paau [D213112 D SI 343Yd ‘S3111d buidnf
sabuajjpys yimoub uonpindod pup abupyd aypwijd
pofiubis ayr uaalb, 1eyl SIPNPUOI  UMOIg

135



U 2Jaym dails I1xau syl 01 umop sapedsed (Adouiud)
A313ua pasnun aiaym uipedsed jo 3|didulld :9 a4ndi4

IRy BgEE O DREIEES

‘(9 24n31y)

Ae|d ojul 3uipeased jo 3|dpund ay3 sswWod d43H
‘s9deldoys pue sasn|dins

1IN0 dduejeq O] P|Od pue 1eay jo 23ueydxs ayj
uo sasndo} Ajuiew mou ajdpund sy wepianoy
ul pInZ ueA JeH UO pPIlsa} Ssem pue (dvIy)
3uluue|d pue yoeouddy ASiou3 wepsa1loy dY3
Jo 9|dpulid ay1 01 pea| ASarea1s paddals maN ayL

(9:d “TTOT ‘al||IL pue USIS|dqMOQ UdP

ue/\) pooj Se pasn 3¢ UED IISeM Jey) INSud ‘g
$924n0s A3Jaud 9|gemausl 3sn 'Y'E
SWEdJIS 91SeM 3SNY ¢
puewsap 3y} 3dnpay'T
(8007 ‘uamis|aqqo(q uap uep) ASaleais paddals
M3N 3yl 031 paiepdn sem Siyl (z00z ‘MeSuneug
pue y3nouoQ@d|\) poyidw 3|petd)-03-3|pesd Y3
Aq pausidsu| (966T ‘uasA]) ,ednedisul seuy, ayl
JO UOISJSA palepdn ‘mau e smoys yoeoudde siyj|
‘(TTOT ‘31|11 pue uaais|aqgqoqg uap uep) Suluue|d
3 yoeouddy A31ou3 wepaanloy - 43y 9yl ul uasas
9q os|e ued apeased A3isaus ay3 jo 3|dpuid ayl

dv3y

"(900T /b 12 U991S|9QQOQ USP UBA) SpeISed
A343u3 3y1 si ‘siyl moys o3} walsAs |njydisul uy
‘uie3e ASuaxa Sulwodaq aJo4a49y) pue sasodund
4910 4oy — Adousrus — A3usua pasnun 3uisnas ul
Uyl p|nod duo 1eys sueaw siyy “(9:d ‘900¢ “|e 19
uaals|aqqoq uap uep) Aupnb Abiaua Jfo ainspawi
D ylom wuofiad o1 pasn ag uvd 1oyl 1pd 3yl
‘AB12ua ul 3apd [nfasn ayi, st A31ax3 ‘sanjen A3iaxa
se synsaJ ayl Suissasdxa Aq |njydisul aJow
opew aq ued dew |enualod A3isus syl

‘siew Adijod [ed0| Jo) duljapIng e 210)249Y1
pue paieasd s| uoidas jeyl Joj sa2unos Adisud
|ea180] |yl jo uonedipul ue ‘sjeppualod A3isus
|edo| ayy Suiddew Ag (z'd)sainspaw juasaffip

Jof spupbwap U0IIDNYS pPUD  UOIII0|  AIaAS
/Ipob uIp1132 D UIDIID O] UOIINJOS 1O POYIIW AN
auo ou sI aJay1, 1ey3 1ysnoyy ayl ssdeiquia Siyl
'sy38uaJis |edo| Jo 3ash ayr yum yoeoisdde mau
e Jo 9|dwexa poo3 e si (900¢ “/p 12 uaals|aqqod
uap uep) @3uey) Joj punosn 193[oud
(,waems,
9yl dduay) uoidal ayy Jo uola3JIp ayl adueyd
M 31 yoiym Jaye juiod Suiddiy e sassoJd pue
UO S3Y231eD 1By} ‘UOIFUSAIDIUI DUO JO DUBN|JUI Y}
uo salja4 3} *(g00¢ ‘ewad30y pue sqoaer) Suiuued
wJiems, pasideq si oyoiym ‘waisAs  aandepe
xa|dwod e wJioy eyl ‘(gd) ewua1ud |eneds
01Ul Syl sa1e|sueul (600¢) ewad3oy "uoidal ayy Jo
(500 ‘uewWOH) SSauU} ||BIDAO BY) SEaIIUI P|NOYS
9UOo ‘uoi3a4 jooud Sjewid e 4o} SulAlIS USYM

‘uiuue|d a|jqeuleisns Joddns jeyl spoyisw asn
os|e p|nod auo ‘A31ous pue J3jem JO) SUOIIN|OS
JudJaylp Jo uonejuswsa|dwl ayl wody wedy

Sujuue|d ajqeuleisns €'y

"€T0T Ul Apeas aq [|im 1eyy
‘uaisiuequn o2 Ag paudisap ‘ssenbs Jualem ay3
sI 303fo4d Jayng umouy ||am 1sow 3yl ‘Ajpussin)

S99A9| ||lews Aq Jo1em wouy s3ulp|ing 30930ud -
94N1oNJ3seJdyul yiesusapun

SJIOAJ9S9J4 Ul 98eJols J9ilem punosdispun -
apedey) ayj 1sulede ua1em juanaud

0} 193J1S pue SY|eMIpPIS JO [9Ad| JAaMO| -
syJed

ojul padwnd s19a41s wouy snidins Jalem -

:suoneidepe

g|qissod Jjo a3ues e siayo (Z102) S+N+H

‘Ajliesodwa) Jo1em 9yl 9J01S 0} JUSWUOJIAUD

ueqsn Aip ay3 1depe 03 sanl|iqissod os|e aJe auay |

"SOYe| [|BWS puB SIDAIM ‘S|eued Se yons ‘ualem

92eJINs usauewJsad Ul 9q 03 aAey Ajliessadau jou

saop syead Suinp Jalem esixa ayl 98elols ayl

"9pI1 3Y1 YIM Ul SDAOW 1Y) J91eM B3S Yl UMop
8uimols ‘Auen1sa ay3 JO JU0J4 Ul SPUB(SI JO UOIIB3ID
9Y3 S| uoIsnJul SIy3 03 Juswsa|a Sulpnpad 3|qissod
V "IN220 ||IM S|10S |B1SEOD BY] JO UOIleZIulleS ‘pJey
AJan si s1yy waisAs uado ue uj {||am aunb uoisniiul
1/eS 3y} 92NpaJ Ued 9M ‘eas 3y} 0} e}dp 3y} Jo
3uiso|d Ag "sasiJ |9A9] Jo1eM B3S dY3 uaym AjSuouis
2Jow J4n220 |Im 3dedaas siyl ‘s4ajinbe ualem
ysa4) 9y ojul 23edaas Jo1em }jes 3yl 10eJa3unod
0S| p|jNOM  J31BM  2JBJINS  DIOA

136



appendix F

"SUoI}pPUOd
19m pue Aip yjoq Joj udissp 031 yoeoudde
poo3 e S| udisap ueqgan AI}ISUIS J3IBAN ‘DWOIPUAS
pue|s| 1esH ueqn pue y3nolp JOj SuOIIN|OS
apnppul pue Ajjeuoljeusaiul 2dods vyl daoy
0} Pasn 9¢ UBD dJUdJdjaJ UeljeJIsSny YL
*21351|B2J 240W }JOMIBU
A3uaua e ajew |m siyl ‘Sunemnded yuom aq
1y3iw |AId3 SIy3 Jo sanjen A3i4axa syl Suiyoseasad
‘Ajjeuonippy "udIsap 9yi pue UOISIA |euol3al
9y31 Joj aulapind e Aj9yl] 1sow 3q ||IM Sly| ‘eaJe
9y} jo |ennuarod A3isua vy} J9A0ISIPp 03 uoidad
93 JO |AId3 Ue 3y ew 01 3SIM AJDA 3q ||IM }
'suoln|os
9yl jo Ayjiqises) ayr oayd 01 noup Asaa
9q |!m ) ‘303foud uonenpesd e Joj paiedidwod
00} 1 & 9q 3YSIw Suo|IN|OS Spew wWo3Isnd
uaJailp Jo xiw x3jdwod AJan y -an3en i3S
sem A3ajesis uonejusws|dwi ayy ing ‘wsjgqosd
A34aus ayy Joj uondo jusaulwosd e Apeadje
9J9Mm s224n0s A8uaus a|jgemauay "yoeosdde |edi8o|
e SWas e}jap ueqdn ayj 4oj A8aleuys aandepe uy

Yoseasas 1ayuny /13foad uonenpess
3y} 40} SUOIIEPUAWIWOIY 9

‘eJa aAldepe 9|geulelIsns jeyl oul Juam
M 3WI} 1Se| 9y} S3LINIUID U0 PIAIAINS SABY M
‘||le 4914V "SUOIIN|OS PAUIMIUD YUM PIA|OS 3 [|OM
AJan pnod siyl Aunjuad Suiwod ayl spial yioq
uo S1eauyl ayy 2dey seyPp ‘ased ayy 01 piemioy
des| 01 sI puaJl 9yl ‘MON ‘EBlPp uequn ayy
ul salN1uad Auew Joy Jay1a801 paull Us3q ey
A31aud pue Jsajem aoepns eyl smoys Apnis syl

109(oud e yons soueuly Ajpiey
p|no2 aAnieul dn-woyoq Yy CdAIsuadxa AJan
2Je pue suoljesado 3|eds adie| aJe asay3y dIUIS
‘9SUas Sayjew SIYyl ‘SeaJte Judl|ISaJ POO|} 31e3Ud
0} SaAllelliul dn wW0310q UO 3JN3eJal| Ydnw 10U S|
249y] ‘yoeoudde umop doy e wou} auop Ajpsow s|
SIYL "paielul usaq aney sawuwesoud uoipuanaid
Auew eysp 9SNIN-AUIYY By} Ul
(9007 ‘49doy) sieaA Ayuami Suiwod
9y} ulyum papipald Apeasje aie sadersoys aouls
QUaulwe aJow S| uolysues) A31ouad syl ‘siedh
paipuny e 03} Ay} Jayjoue Joj ploy [|IM Bey3p
9SN3INI-AUIYY dY3 Ul S9JUd49pP POO|} 9y} JO ISOIN

‘pue| s9pjod uado
pue AJisnpul a2yl woJij 1eay SS0Xd ‘U9l e
e UM A|DYI| wads $924n0s A3uaUd JUSIBHIP YIM
seale Jua2Jaj4ig "eIdP ISNBIN-dUIYY DY) JOJ |NdI
ue JO S}NsaJ 3y} YuMm U4 0s|e pjnom siyj
"uollIsuUel]} Pazi|eJIu29p
B 1O} |eap| '9edS |lewsS ul |jeisul o3} Asea
AjaAne|as si pue 1no spueis AjJes|d Jayempunold
pue Jalem depns wodj ASisua  jewusay)
"B}|9p UBQJN 3Y3 Ul SPI3l} Yy10q Jo dejdano 1s9q sy}
SI SIYL "M3IAIDAO SIY} YUM ew 03} Asea s| Ja1em
9yl woJy s224nos A3iaua Joj d10yd Ayl
“AjISeD P3aJ03s 9q UBD J21BM SB3JIYM
‘Ay1d1309)9 s,Aepol yum Ases 1eyy jou si 9jdwexa
10} 93e401S *A319Ud 404 YNJIHIP DJ0W 3] |[IM SIY}
INQ ‘SpJepuels 1uaJ4nd ayl ul panly Ajises aq ||Im
jJuawadeuew Jalem Joj esa djuedio syl
‘(9)dwexa 40} 3ulj009)
A8J3us 91e340 0} PapPIdU SEM JI}BM pUB JDIEM
9A0OW 0} papasdu sem A3uaua ‘pauimius uaaq aney
A34aus pue uaiem eyl smoys os|e A1oisiH
-91eludosdde swasas Ayoeded uayng a8Je| yum
A8a3esys anndepe asow e ‘uledp 01 Jal1eM ow
S| 2J9Y3 YdIyMm U] O1IeUdIS B 1eyl ‘YSnoyi ‘pies aq
0} Sey 1] ‘aJniny Jeau ayl ul s1ySisul mau 3q [|Im
949y} 991ueJiend ou S| 34dyl OS ‘SopedIsp Maj 1se|
9y} J9n0 Ajpuanbauy aunb padueyo aney sess ayl
18Y) Jed|d S| }| ‘sopedap 3ulwod ay) Joj ASaiens
9Ul 9q 03} SWI3S JUBWUOIIAUD 3Y} YHM dduejeq
ul aJow ‘yoeosdde oandepe syl -uluuidaq
ayr 1isn[ ysnoyye - oseyd uonisuesy e ul
Apeauje ase yjog -uswadeuew Jaiem pue A3isud
410q J0O JUSWdO|DA3P |BIIIOISIY BYI Ul SDIIe|IWIS
9Je 3J3y} 1eyl ‘@a4y3 Jardeyd ul uIdS IABY I\

suoisnjouo) g

‘uolzenys siyy anoisdwi pjnos Sujuue|d
wJaems eyl sdeysad -syoe| ||13s uoieyuawa|dwi
9yl 1nqg ‘suolleaouul Jo ||n4 SI pldom ASiaus syl

"3sN 1314k 19}40 01 Sey Jasn
puo2as siy3 AdoJus ayl wody 1yaUSg PIN0d 1eYY
J010B 1X3U B YdJeas uayi pue A31aua ay1 128 pjnod
Jasn Apasu 1sow J0 3saJeau ayl aJaym ‘Jsuuew
Suipeased e uj ade|d aye1 ued uonNQUASIP SIyL

0T0¢C
‘u9915|2qqoQ Uap ueA :924nos "A31axa se sanlas Ajed

137



eleq
uonedlgnd-ul-buinboreyed  Areiqri OHM
Ipuepazaims "sbumas ueqan ul saiinbaul
yyeay Buiwodtaono pue  Bupjsewun
181110 USPPIH "0TOZ LVYLIGYH-NN OHM
‘puejul
‘BuIs|IsH TTOZ ‘TTOZ ‘TZ-8T O ‘TTdS
9ouaJayuo) Bulpjing a|qeureisns PO
'Sanio [eJinau-uogtes 01 yoeoadde |aAou
e - Bujuueld uequn onebisuz r ‘W A
‘N FITUL® "4 €'V 'V ‘NIFLSTIEF0A NIA NVA
‘[€T0Z-T0-20 passa20y]
1pd-reybueys abueydioispunols
-39SVS/>80zispuo
-Aud/erep/na’ajeaprennd mmmy//:dny
:9|gejreny -uonajdep AbBisusa pue abueyd
ajewld jo 1easyy Japun uoibasr e jo
juawdojanapal ajgeurelsns ayl - abueyd
1o} spunol9 9002 M ‘VONIAONALS
® " 'VINAOOO0Y 'V ‘NIFLSTIF90d NIA NVA
‘puelaJ] ‘ullgng ‘d@on 800¢ ‘8002v3ald
‘yoeoudde gpeso 01 9|peid Byl
Aq paaidsul sdols ABalesls mau - sa|oAd
pasop spiemol VY ‘NIILSTIEE0A NIA NVA
"ZT0OZ ‘U1L NON passadde
‘pine@iiadoy/iau-Aagsue//:diy
[:aunuo] ‘ABisuz aumny ‘(9002) Y340y
'ssaid LIM YN ‘uoidweyinos ‘spaezey
[eaibojoda pue juswdolaAsp a|geureIsns
‘s@aJnosal  |ednjeu  Jo  juswebuewew
('spd) "3 ‘1ZZ31L ® ‘N ‘OIAONVAOCL 'V
D ‘vigg3dg :uj jseop Huiuueld wuems
Jdiey  Buiuueld eneds saop ‘abueyo
sjewip 01 uopeidepy ‘6002 d ‘VINIDOOH
-ABojouyoal Jo Alisianiun uad
‘OSIN "elep yowng ayr ur ABisua aniq
- 1ueld Jamod e jo AM|iqisead '6002 "M "d ‘MVNO
2T0C ‘2
100 PasSa2de  ‘|uSEBSSIWLIWOIB]DP MMM

[:aunuo] -eyep
aijoasampinz asAleuewas|qoid TTOZ
V113d PCINFLSIMAINZ NVIHINIVYINNYEOOHd
'Ssald DY) VSN ‘epuold ‘uoley eoog
-Juswdojanap pue Buiuueld ‘Bulubisap
:sadeospue| ABisua a|geurelsns
('sp®) S ‘IMNTYLS ® "V ‘NIFLSTIFg90d
Nda NVA :ul -adeospue| ABisus
Buibueyo ayy Buipeay ‘2T0Z ' "W ‘1LL3TVNOSYd
*ou] YSN dnous uinbuad
JIOA M8N ‘sijodonlsiy u8ID 6002 ‘A ‘NIMO
ISP - 2ev ‘GE ‘Juswuoliaug
ing *S101[JU0D pue Axadwod
‘ey|p yoIng ay: BunusAuldy ‘6002 T A ‘YIAIN
'S)00g 9SIaAIUN
‘'VSN MOA MBN  ‘ymmolb 01 suwi
9yl 26T "M "M ‘IIl SNIYH3IG »® T
‘SYIANVY 1 " ‘SMOAvaN “'H "d ‘SMmOoavan
*Ssald 1ulodyuioN ‘sbuiyy axew
am Aem ayl Bupewsal - ajpeld 01 ajpeld
2002 N ‘LYVONNVYEd ® M ‘HONONOAOI
‘Banqlai4 966 T 90UBI8JUOD UNSOINT
‘salpunod  Buidojanep 1oy  salbaleals
ABisaua Jejos - eonabiaua seul ayl "H "3 ‘NISAT
uabuiuols ‘00z
aunC wJolsurelg fuonestanuod Bulyouesas
BuLnp pajuaAulwa] ‘Buluue|d
wJIems ‘'S002 ¥ ‘YINGOOO0H puy "d ‘Sdoovr
"2T0Z ‘€2 PO
1passadoe ‘wily-1iodal” sisayluAs uodad
juswissasse yunoy 2odi suonealgndsel
ep pue suoneslqnd/yoa-oodi-mmmy//:diny
:auljuo] -yodau
sisaluAs 1200z 8bueyd srewn|d *2002 00dl
1100)s18wy ‘(spa) vy “uiuuag ‘*d ‘1IpIoA
9 ‘uanH ‘' ‘puelioH ‘7 ‘@zinyuamnalN
uep  ‘(Bulnonuisal pue  sBuipjing
MU 10} Mooq Bupjiom) Buiiainioniisiay
us MNnogmnaiu NELINIETVY
"¢T0Z S1O3LIHOYY 3dVOSANVT S+N+H
INOYA UBA 3LI1SIUIN ‘1yoa.41n
‘(sepe  AbBusua |lews) seppealbisua
auIg|y "800Z S1OILIHOYY IdVISANYT S+N+H
‘ABojouyda |
Jo Ausieniun yea ‘aud -semo Juspjod
Bunfew jo uonipesy 8yl "TTOZ "1 4 “YIACITINIOOH
*s1anablin nps ‘enbeH
a8yl ‘eolwreudApanesiueblio ‘5002 L ‘NVINOH
"Hi2a "uapapifijpbow
ueA se|jeanelidsul - a1biaua
awezinnp UeA uoiq S|e J31ep\ ‘8002 S3IHv.L13ad
*ssald AlIsIanlun

weptanoy  ‘wepltenoy  ‘wuswdojansp
uequn anndepy 2102 o ‘Avyvdo  3d
MN ‘puepods

‘ybuanquipg 800z ‘obeurelg ueqin Uuo
20UBJBJUOD [euoneUISIU] UITT  °So1els
uonlisues) aininy pue 1USLIND ‘[edllolsIy
IS9I1ID SAIISUSS Jdrem 01 Buluonisueld]
'L 'ONOM  ® N ‘HLvaM ¥ ‘NModd

S9JUdI3J3Y /

138



appendix F

139



