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Preface

This is a Master’s Thesis in Real Estate and Facilities Management at the Department of Civil
and Transport Engineering of Norwegian University of Science and Technology (NTNU), writ-
ten during the spring semester of 2015. The thesis features the author’s thoughts and findings
regarding how important and necessary it is to adopt a holistic view in the designing of a build-
ing, and in what way it can greatly influence the building design when user phase experience is
taken into consideration in the design scheme, especially when such intervention is introduced
at the early stage.

The topic of this thesis was inspired by project OSCAR, a research project aiming to find out
the optimal value proposition for all stakeholders within the building industry, which empha-
sizes on having different perspectives and inter-disciplinary approaches. Project OSCAR is car-
ried out jointly by NTNU'’s Department of Civil and Transport Engineering and Norway’s leading
consulting firm, Multiconsult.

Readers with backgrounds such as civil engineering, architecture, and management shall
find themselves in agreement/disagreement with the points made in this thesis. In either way,
this thesis is meant to make a not so bold, but often neglected statement that what is being prac-
ticed in the industry nowadays has a huge potential for improvement. Yet, given the complexity

of connections among all the systems involved, one still needs to think twice before action.

Trondheim, 2015-06-20

‘\\(“! \

Qidi Jiang
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Summary and Conclusions

The practice of building design at large, focuses on the realization of physical features, which
are based on different design philosophy and technical standards, creating spaces where differ-
ent human behaviors are expected to take place. However, it should be noted, as people often
forget, or sometimes intentionally neglect, that meeting the prerequisite will never guarantee an
achieved goal, though failing to do so will absolutely undermine such goal. Quite often, there
are buildings with excellent architectural design but with barely satisfactory user experience.
The cause of such divided perception, is insufficient comprehension of the complexity in the
interaction among users (also known as occupants) and between users and the building. Un-
derstanding the inner mechanism of the interaction between users and the building, and intro-
duce such knowledge at the early phase of building design is believed to have great and positive
influence over building design.

The thesis features the author’s thoughts and findings regarding how important and neces-
sary it is to adopt a holistic view in the designing of a building, and in what way it can greatly
influence the building design when user phase experience is taken into consideration in the de-
sign scheme, especially when such intervention is introduced at the early stage. Given this thesis
topic, keywords such as "user phase" and "early phase design" need to be studied and explained,
such need justifies the approach of literature review. As a complement to literature review, in
this thesis, theoretical analysis is used to evaluate different models of early phase influence in
building design so as to find out their respective characteristics. Also, to give the readers an idea
of how diverse the value proposition for different stakeholders could be, an internet-based sur-
vey which collects feedback from different stakeholders in the building sector is documented.
Yet, when it comes to more detailed design requirements from the users, interviews are given in
one of the case studies. Case study and pilot study are both considered significantly valuable in
providing supporting details for developing observations and insights. The difference being a
case study must be a project done by the author himself, whilst a pilot study could be an external
project documented by someone else.

Some of the major findings of this thesis include:

* Mistaking any strategic or tactical approach for sustainable design with the actual goal of



achieving sustainability would be missing the point. And this problem is prominent in

many of today’s allegedly sustainable buildings with certified energy level.

Users’ inconsistent attitude towards sustainable building is reflected in the fact that most
of them do appreciate having sustainable features in a building - only if this doesn’t con-

tradict the comfort of their energy-consuming life style.

Users can help accomplish a genuinely sustainable building project even under unfavor-
able condition (socially, economically, etc.) as long as they are motivated by a strategic
design of the building which successfully align the building’s function with the users’ core

interests.



Contents

Preface . . . . . . . i
Acknowledgment . . . . . . ... e e ii
Dedication . . . . . . . . . e e e e e iii
Summary and Conclusions . . . . .. .. ... .. L e iv

1 Introduction 2
1.1 AimofResearch . . . ... .. ... . .. . .. 2
1.1.1 It’s all about the building, yet it’s not just about the building . . . . . .. ... 2

1.1.2 Seeingthewholepicture. . . . ... ... ... ... .. ... ... . ... .. 3

1.1.3 Leverage points . . . . . . . . . . . it e 5

1.2 ScopeofResearch . . .. ... ... . . .. . .. e 7
1.3 Methodsand ToolsUsed . . . . . .. ... .. ... .. ... 8
1.4 StructureoftheThesis . . . . . . .. ... . . . . 9

2 Background Research 11
2.1 Real Estate vs. Facilities Management . . . .. ... .. .. ... ............ 11
2.1.1 Real estate by definition and its role in a sustainable society . . . . . ... .. 11

2.1.2 Whatis FM, and whatdoesitdo?. . . . . . . . . . . . . . . ... 15

2.1.3 FMintransition . . . . . . .. ... L e 18

2.2 Evidence-Based Designvs. POE . . ... ... ... ... .. ... . ... .o.... 20

2.3

2.2.1 Experience-based design: referenceable example and transferable experience 20

2.2.2 POEinanutshell/bigger picture . . . ... ... .. ............... 23
Building Design Process: Traditional vs. Unconventional . ... ... ........ 27
2.3.1 Building design: how itis done traditionally . . . ... ... ... ....... 27

vi



CONTENTS vii

2.3.2 The integrative process to design and construction . . . . . ... ... .... 31

2.4 Pilot Study: From Shelterto Equity . . . . . .. .. ... ... .. .. ... . . . .... 34
24.1 EXeCUutive SUMIMNATY . . . . . . v v v v vttt e e e et e e e e e e e e e e e e 34
2.4.2 Projectbackground . . . ... ... .. ... e 35
2.4.3 Therealproblems ... ... ... .. ... . ... . .. 38
244 Theaftermath . . . ... ... ... .. . . 41
245 Conclusion. . . .. .. e 43

3 Analysis and Evaluation 44
3.1 LoopsofFeedback .. ... ... ... .. . . ... . e 44
3.2 CurrentPractices . . . . . . . . . e 46
3.2.1 Seeingbeyondcost . . . ... ... .. ... 46
3.2.2 Different assessment methods of building performance . . . ... ... ... 47
3.2.3 The MultiMap method and its further development . .. ... ........ 51

3.3 Value Proposition Survey . . ... ... ... .. ... e 58
4 Case Studies 61
4.1 Case Study - Chamazi: BeyondWalls. . . . .. ... ... .. ............ 61
4.1.1 Project brief/status quo of Chamazi, asof2013 . ... ... .......... 63
4.1.2 Building with flexibility - the incrementalhouse . . . . . ... ... ... ... 63
4.1.3 Analysis of building techniques used in Chamazi’s existing houses . . . . . . 64
4.1.4 The bottle house as a strongersolution . . .. .................. 68
4.1.5 Research on the engineering feasibility of bottlewall . . . . . ... ... ... 70
4.1.6 The bottle house as a cheapersolution . ..................... 72
4.1.7 Lessonlearned from ProjectChamazi . . . ... ... .............. 73

4.2 Case Study - Syracuse: Rethinking Building Design . . . . ... ............ 74
4.2.1 SyracuseCoEinanutshell . . . ... ... ... ... ... ... ... ... 74
4.2.2 Motivationforredesign . ... ... ... ... .. ... oo ... 75
4.2.3 Redesigning SyracuseCoE through an integrative process . . ... ... ... 76
4.2.4 Rethinking design throughredesign . . . . ... ... ... ... ....... 80

4.3 Case Study - Trondheim: Planning the Unplanned . . ... ... ... ... ..... 81



CONTENTS

4.4

4.3.1 Trondheim, and its buildingsector. . . . . ... ... ... ... ... ...
4.3.2 User engagement in the public sector - Trondheim eiendom . ... ... ..
4.3.3 User engagement in the private sector - Rambell . . .. ... ... ... ...

DISCUSSION . . . . v ot e e e e e e e e e

5 Conclusion

5.1
5.2
5.3

Talking cycles

Stimulating stakeholders. . . . . . ... ... . L

A Difficult Relationship

Bibliography

A Acronyms & Explanations

B Additional Information

B.1
B.2
B.3

B.4

Osterwalder Business Canvas . . . . . . . v v v it it e e e e e e e e e
LEED v4 and Its Connection with USGBCand GBCI. . . . ... ... ... ......

Different Rating Systems within LEED v4 and the Scoring Scheme under Each Cat-

81
83
89
92

95
95
98
99

102

108



Chapter 1

Introduction

This chapter provides background information, scope, and structure of the thesis. In this chap-
ter, a guiding question will be asked, which gives rise to the discussion of what exactly has gone
wrong and thus validate why such topic is chosen for the thesis. Scope, tools used, and structure
of the thesis will also be introduced to explain under what context and procedure the research

is conducted.

1.1 Aim of Research

1.1.1 It’s all about the building, yet it’s not just about the building

The noun of "building" is not new to us. According to Merriam-Webster Dictionary (Merriam-
Webster (2008)), a building is "a structure (such as a house, hospital, school, etc.) with a roof
and walls that is used as a place for people to live, work, do activities, store things, etc." In the
definition, the physical features of a building are specified before its intended function. In other
words, physical features (such as "a roof" and "walls") are considered the prerequisites as such
a building can serve the purpose (function) it is there to serve. The practice of building design
at large, focuses on the realization of these physical features, which is based on different de-
sign philosophy and technical standards, creating spaces where the above mentioned human
behaviors are expected to take place. However, it should be noted, as people often forget, or

sometimes intentionally neglect, that meeting the prerequisite will never guarantee an achieved
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goal, though failing to do so will absolutely undermine such goal. Designing the building well
doesn’t necessarily mean designing the building right, for quite often, there are buildings with
excellent architectural design but with barely satisfactory user experience. The cause of such
divided perception, is insufficient comprehension of the complexity in the interaction among
users (also known as occupants) and between users and the building, these are intertwined sys-
tems coupled with non-linear cause and effect. Designing the building just to have a building is
missing the point of building design per se. It is very important to bear in mind these connec-
tions and adopt a holistic view when trying to solve this problem. And any attempt to solve this
problem only by looking into the building design itself should not be encouraged at all, and is
almost destined to fail, as argued by Albert Einstein: "Problems cannot be solved with the same

mind set that created them."

1.1.2 Seeing the whole picture

A good building design, should accommodate the triple bottom line proposed by Elkington
(1998), which is social, economy, and environment (see Figure 1.1). That is to say, the de-
sign of a good building, should be socially positive, economically feasible, and environmen-
tally friendly. And such goal can only be achieved when a holistic view and systems thinking
mindset is adopted. The following example featuring a true story from Denmark, is a perfect
example of what big difference it could mean when problem-solving with a holistic view and
adopt the mindset of systems thinking. However, the solution is so good and out-of-the-box, it
even changed the nature of the project, and it was, unfortunately, no longer a building design
project after the solution was implemented.

A public swimming pool had been serving local residents and enjoying a high popularity
among local community members for decades, it was getting old, but given all the years passed,
its condition seemed reasonably satisfactory. Recently, the swimming pool had experienced a
dramatic drop in revenue caused by the decrease in number of swimmers coming to that pool.
Managers of that swimming pool were thinking maybe it’s time for a major renovation, they
were expecting to spend a lot of money updating the existing facilities of that swimming pool
and as a result, an architect was hired to perform the design.

At the beginning, the architect was looking at physical factors which he believed could affect
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SOCIAL

Figure 1.1: The Triple-Bottomline (Anon (2015))

the use of the swimming pool, such as the infrastructures, where the pool is located, was there
any newly-opened swimming pools around that area, and so on, hoping to come up with a
design or marketing scheme that could make the swimming pool appear more attractive and
highlightits irreplaceable value to the local community. And it wasn’t until during traffic analysis
when he found the root cause which had been overlooked: the bus schedule had been revised
to make getting to the pool incredibly inconvenient. The problem wasn'’t the building, but the
system of transportation that this building was serviced by.

The architect then suggested managers of that swimming pool to request a re-modified bus
schedule from local community council, and it worked. Upon the implementation of the new

bus schedule, the swimming pool immediately got its popularity back!
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1.1.3 Leverage points

As an aftermath of that story, in spite of the admiration for the insightfulness and wisdom
demonstrated by the architect, it is also quite crucial to think how differently this swimming
pool story could have ended otherwise. The architect could have ended up with a fancy and ex-
pensive design which had some intentionally incorporated "sustainable features" and got paid
handsomely, which seems more than normal and reasonable, and is after all, sustainable to
some extent, but that is just not what a genuinely sustainable building design is about, com-
pared to what he actually did, which was however, not even recognized as a building design
project anymore. Such contradiction gives rise to the core question to be asked and inspected
in this thesis:

What is considered an effective intervention to influence a building design process, and during
which stage should this influence be introduced?

To answer this question, some very important observations concluded from the swimming

pool story can be useful:

* Non-architectural factors (for example, the commuting experience to that building, as
part of the user experience) can have a huge impact on the building design (in this case
of extreme, the design was changed from an expected major renovation to doing nothing

due to the re-modified bus schedule).

e Such user experience, for quite self-explanatory reason, can only be gathered during the

user phase of the building.

e Because of the nature of a building design process, a building is only occupied and used
after its completion, which causes a retardation in the feedback loop of the design process
itself. However, such feedback (user phase experience) can also be used to influence the
design of the next building in the early phase, or, to influence the renovation of the same

building.

e The value of the a building can never be fully realized, namely, the optimal use of a build-
ing can never be best aligned with its intended function, if not taking into consideration

the user experience in the deepest and broadest sense during the early stage of design.
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The importance of having a holistic view and systems thinking mindset can never be over-

emphasized.

With the above observations, the answer to the core question can be given as follow:

It is most effective to influence the design of a building at the early stage with experience from
the user phase.

Such influence, in other words, can be also described as intervention. When it comes to
intervention, choosing of "leverage points" (see Figure 1.2), which designated as places in the
system where a small change could lead to a large shift in behavior (Meadows and Wright (2009))
becomes most favorable. And as discussed earlier, it is most effective to influence a building de-
sign at the early stage, during which, the users still has more saying in decision-making than
the architect (because the architect is responsible for delivering the design which is believed to
meet the requirements set by the clients, who might as well be the users). The process, during
which the users and the architect communicate their ideas and draw up the strategic goals to
be fulfilled by the building, is considered part of the facilities management process (will be dis-

cussed in later chapters), which has a very close relation with building design and real estate

management.
The power 1O shift paradsgm 10 doal with new challenges —
The paradigm used 10 design the sysiem —
The System Goal —
System structure/sell organizaton
System rules
Information Now structurées
Renforcing feedback loops
Balancing feedback loops
Delays relative to change m'tes
Swocks and fiow structuros
Bufter sizes
Constants,
parameters, — .
nurnborsJ .__ )’A_(Lé—
Systom . L < H_,‘____\_‘\____,__—r--"‘“" Y
——""'_',_: value-based leverage

e R >
Y Y

cybernetic leverage human-related leverage

Figure 1.2: Leverage Points (van't Hof (2014))

Up to this point, the purpose for choosing the topic of this thesis is clear: if user phase expe-
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rience from facilities management (FM) is considered an effective intervention (leverage point)
on influencing the early stage of building design, it would be interesting to investigate, in this

thesis, in which ways such influence takes place.

1.2 Scope of Research

As discussed above, the problems existing in nowadays’ building industry is the failure to opti-
mize the alignment between the occupants’ core business and the building’s intended use, and
thus creating waste of money and loss of value. Such problems are often caused by the absence
of communicated user phase experience, which has a huge and normally positive influence over
the early phase of building design. It should be noted, however, in order to gather such informa-
tion, not only the design team should engage the users more, and learn from the most relevant
experience the users have or expect from the building, and perform their design accordingly,
but also, within the design team (which usually consists of architects, designers, engineers, real
estate developers and so on), they should adopt a new way of interaction and new type of work
dynamic - as part of the integrated building design process. Therefore, this thesis not only in-
vestigates how design is changed at the early stage because of the influence from user phase
experience, but also as equally important, how it is designed - is changed due to such influ-
ence. In other words, the user phase experience, which is highly diverse, challenges the design
team to deliberate collectively and design with a broader vision that takes into consideration
all the needs, as compared to the conventional work dynamic in which the work is passed on
linearly from one to another without having much conversation in between. This changed work
dynamic, as part of an integrated design process, will further change the building design at the
early stage, adding value to the building, which is delivered to the users in terms of an enhanced
experience. And this enhanced experience will again enter the next loop of feedback to the de-
sign team, thus generating a positive circle (see Figure 1.3), which is also the scope of the thesis,
under which the researches were conducted. The key to understanding this circle is to under-
stand what happens among different parts of the circle. To do that, it is necessary to conduct
background research on the practices such as facilities management and building design, and

analyze different models of influencing building design. It is also important and interesting to
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include case studies in the thesis which not only serve as supporting details to the concepts

being discussed, but also helps readers better comprehend how such circle works.

How Can Experience
from Real Estate and FM
in User Phase Influence

the Early Phase of ilding
Design

Building Design?

design

Figure 1.3: Scope of Research

1.3 Methods and Tools Used

As mentioned earlier, the objective of this thesis is to investigate in which ways can user phase
experience influence the early phase of building design. To have a well-established theoretical

framework which defines the scope for the research, keywords such as "user phase" and "early
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phase design" need to be studied and explained, such need justifies the approach of literature
review.

As a complement to literature review, in this thesis, theoretical analysis is used to evaluate
different models of early phase influence in building design so as to find out their respective
limitations.

Also, to give the readers an idea of how diverse the value proposition for different stakehold-
ers could be, an internet-based survey is utilized to collect feedback from different stakeholders
involved in a building project. Yet, when it comes to more detailed design requirements given
by the users, interviews are given in one of the case studies.

Case study and pilot study are both considered significantly valuable in providing support-
ing details for developing observations and insights. The difference being a case study must be a
project done by the author himself, whilst a pilot study could be an external project documented
by someone else.

All methods and tools used are listed in the table below, see Table 1.1

Methods/tools Used in

literature review, pilot study Chapter 2: Background Research
theoretical analysis, survey Chapter 3: Analysis and Evaluation
interview, case study Chapter 4: Case Study

Table 1.1: Methods/tools used

1.4 Structure of the Thesis

Apart from the front pages and appendices, the thesis consists of 5 major chapters, each having
several sections. Such structure is designed to guide readers through the "user journey" of this
thesis, whose objective is to investigate in which ways does user phase experience from real
estate and facilities management influence the early phase of building design.

To start with, in the introduction chapter, readers are presented with the guiding question
that justifies the objective of the research, followed by the introduction of scope, methods and

tools used.
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Based on that introduction, readers are filled in with more background information, which
is discussed in Chapter 2. This chapter provides an investigation into all the keywords and their
relation with the thesis topic.

Having known all the basics and backgrounds of the research, readers are then led deep
into the analysis part of the thesis in Chapter 3, which discusses the root cause for the problems
facing building design nowadays, what kinds of available solutions are there and their respective
characteristics. Such discussion is complemented by an internet-based survey conducted with
real stakeholders from building industry.

Any research will fall short in reliability if not supported by case studies, that is why in the 4th
chapter, 3 case studies are documented with regards to both how the work dynamic looks like in
an integrated design team, and how the design team and stakeholders interact in an integrated
building design process.

Finally, as a conclusion for the thesis, Chapter 5 gives an overview of the thesis, recaps all the
points made and theorems arose in the preceding chapters, and summarizes the research with
the updated concepts and solutions proposed by the author himself.

The following figure (see Figure 1.4) demonstrates what the structure (also described as the

"reader journey") of the thesis looks like.

- Real estate vs fadlities management
- User experience-based design vs POE

+ Building design process: traditional vs unconventional . chamazi, Tanzania

- Pilot study - Chile - Syracuse Center of Excellence, NY
- School Projects, Trandheim
- Discussion

- Aim of research

- Scope of research - Loops of feed_back
- Methods and tools used - Current practices
. Structure of thesis - Value proposition survey

Figure 1.4: Structure of the Thesis/Reader Journey



Chapter 2

Background Research

In this chapter, the topic of the thesis will be deconstructed into several keywords. These key-
words will then be discussed in depth and compared with other keywords to help readers better
comprehend these meanings as well as the value of the research. A pilot study featuring a real

case from Chile will be also included in the last section of this chapter.

2.1 Real Estate vs. Facilities Management

2.1.1 Real estate by definition and its role in a sustainable society

According to the Oxford English Dictionary, the term "real estate" has two layers of meaning

(OxfordUniversityPress (2008)):

e Property consisting of land and the buildings on it, along with its natural resources such
as crops, minerals, or water; immovable property of this nature (originally contrasted with
personal estate n. at estate n. 11a); an interest vested in this; (also) an item of real property;

(more generally) buildings or housing in general.

* The business of real estate; the profession of buying, selling, or renting land, buildings, or

housing.

Although Real Estate and its related studies have only been recognized as a scientific subject

during the past decades, real estate as a concept and a practice has come into existence and evo-

11
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lution long before that. Here is a listing of major historical events related to real estate through

time (Tyson (2012))

334 BC - Alexander the Great’s defeat of the Persians shows aggressive acquisition of real

estate by force

1066 — William the Conqueror decrees that he owns all of the land in England after his

defeat of the Normans

1689 — John Locke writes the Two Treatises on Civil Government, which outlines a man’s

right to preserve “life, liberty, and estate.”

1783 — Napoleon begins seizing real estate in the form of countries

1803 — The U.S. acquires some swampy new land in the Louisiana Purchase
1867 — U.S. gains a bit of icy tundra from Russia in the Alaska Purchase
1916 — National Association of Real Estate Agents coins the term Realtor

1929 — The largest stock market crash sparks the Great Depression and the collapse of the

real estate market
1934 — National Housing Act creates the FHA (Federal Housing Association)

1938 — The Federal National Mortgage Association — now Fannie Mae — is chartered by the

federal government
Late 1940s — Adoption of fixed-rate mortgage as industry standard

Early 1960s — The National Association of Real Estate Boards creates national MLS system

based on unilateral offer of cooperation
1970 — Congress charters Freddie Mac and the secondary loan market
1980s — Interest rates zoom upward and halt construction of new homes in the US

1994 - Property listings begin to become publicly available on the Internet
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1999 - ZipRealty introduces Internet lead generation to Real Estate

2004 — Popular real estate blog, Curbed, is founded in New York City

2005 — Google announces Google Base, Google Earth, and Google Maps

2007 to 2010 — The “Housing Bubble” bursts, causing the financial crisis in the U.S.

2010 to Present — Foreclosures and Short Sales become the dominant listing type in the

market

Apart from its long history, the real estate and construction (REC) industry also has a big
impact on the world’s environment and climate. According to a report by the United Nations
Environment Program (UNEP) in 2009 (Lemmet et al. (2009)), the role of buildings in climate
change is often underestimated and the knowledge regarding the building sector’s extensive
energy use is lagging behind. In the United States alone, studies (McLaren (2009)) indicate that

buildings account for:

72% of electricity consumption

39% of energy use

38% of all carbon dioxide (CO2) emissions

40% of raw materials use

30% of waste output (136 million tons annually)

14% of potable water consumption

According to another report by United Nations Population Fund (UNFPA), due to increased
average life expectancy and decreased child mortality, the world’s population will continue to
grow-at an even faster rate, even though compared to a much longer timeline of human history,
the rapid growth of the world population is a recent phenomenon, and with the declines in fer-
tility in most of the world, the global growth rate of population has been decreasing since its
peak of 2.0 per cent in 1965-1970 (Kollodge et al. (2011)). Which means, with a growing popula-

tion (seeFigure 2.1) and the overall improvement of their living standard as well as their higher
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demand of well-being, there will be more and more housing for residential, commercial, indus-
trial use and so on, there’s no doubt that the construction industry will experience a sustained
rapid growth in the foreseeable future.

55
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35

3.0

billions

25

20
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0.0
1950 1960 1970 1980 1980 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

Asia Africa Latin America and the Caribbean Europe Northern America Oceania

Figure 2.1: Estimated and Projected Population by Major Area, Medium Variant, 1950-2100 (Bil-
lions) (Kollodge et al. (2011))

Also according to the UNEP 2009 Report (Lemmet et al. (2009)), though the world’s demand
for energy resources has been growing massively, or even exponentially in some developing
countries like China and India, the proportion taken up by fossil fuels such as oil and coal has
hardly changed, nor is it likely to change in the near future. With more fossil fuels consumed,
more green house gas (GHG) will be emitted into the earth’s atmosphere, causing more severe
global warming and some other climate disasters to occur on a more frequent basis. Such cli-
mate disaster will in return further deteriorate the earth’s fragile environment, making people
more dependent on anthropogenic acclimatization system which burdens the energy supply.
Typically, when looking at a built environment which consumes about 35%-40% of the total en-
ergy produced today and the majority of energy consumption within built environment lies in
the HVAC (heating, ventilation and air-conditioning) category, letting alone that this analysis
usually excludes the energy consumption within the other phases of the life cycle of a building
(according to the UNEP 2009 Report by Lemmet et al. (2009), there are five phases in a building’s

life cycle: (i) the manufacturing of building products and components; (ii) the transportation
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of building products and components to the construction site; (iii) the construction itself; (iv)
the operational phase; and (v) the final demotion and recycling ). This supply-demand relation
between buildings and energy forms a vicious circle over the environment.

With the above observation, it is evident that as the world’s population keeps growing, more
buildings will be built, thus more energy will be consumed for the buildings, yet the proportion
of energy source of the world as well as the structure of energy consumption within built envi-
ronment stays relatively stable, which indicates that the study of the built environment is not yet
profound enough to reverse the current trend in its continued increase of energy consumption.
These three aspects are intertwined, and has a very high level of complexity, calling for vast
innovation in technology, massive investment, and most important of all, the awareness and
participation of so many stakeholders, and apparently, though much endeavor has been made
to turn the tide, the human race is still not ready for this challenge, and the current situation will
not be changed in the foreseeable future.

Up to this point, it is safe to say that economic development and improvement of people’s
livelihood is an irreversible process - even at the cost of ecological crisis and climate disasters
(which are all hard-learned lessons). However, such crisis can also be redirected into working
for a better cause without causing further damage to our planet, as big crisis always comes with
huge opportunities. Real estate, in its essence, is after all, a business. And based on the above
listed facts and analysis, the role of real estate in a sustainable society, or in other words, the
meaning of real estate to a sustainable society can be concluded as:

Built environment and especially the real estate and construction (REC) industry, is as-
sessed to have the largest potential for profitable environmental burden reduction (McKin-

sey&Company (2009)).

2.1.2 What is FM, and what does it do?

According to the latest definition from International Facility Management Association (IFMA),
facility management (or facilities management or FM) is a profession that encompasses mul-
tiple disciplines to ensure functionality of the built environment by integrating people, place,
process and technology (IFMA (2014)).

In real practice, FM facilitates on a wider range of activities than just business services which
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are referred to as non-core functions, and many of these non-core functions vary from one busi-
ness sector to another. In 2009, a global job task analysis (GJTA) defined 11 core competencies
of FM (GJTA (2009)). The GJTA included responses from facility managers in 62 countries. It is
the most comprehensive to date and the first truly global survey and analysis. The core compe-

tencies are:

¢ Communication

* Emergency Preparedness and Business Continuity
e Environmental Stewardship and Sustainability

* Finance and Business

¢ Human Factors

e Leadership and Strategy

e Operations and Maintenance

* Project Management

* Quality
* Real Estate and Property Management

e Technology

FM is subject to continuous innovation and development, under pressure to reduce costs
and to add value to the core business of the client organisation be they public or private sector
where possible (Mudrak et al. (2004)). Hence, to sum up in a broader sense, the major purposes
of FM can be distinguished in two aspects: to support and sustain the operations work and
activities of organisations and their staff, and to manage work environment and support services
(Chotipanich (2004)).

Because of the wide spectrum of responsibilities FM covers, many of its services can some-
times overlap each other. To achieve a more efficient FM, it is crucial to clearly identify different
clusters of supporting services while amalgamating the overlapping practices to outline a more

generic scope of FM services (as shown in Figure 2.2).
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Figure 2.2: Cluster of Support Services(Chotipanich (2004))
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2.1.3 FM in transition

Due to its multi-layered objective (FM is resource relocation at strategic level and management
support at operational level) and the broad spectrum of responsibilities it covers as discussed
earlier, FM is bound to be subject to drastic, or even radical transformation in an era of vast
diversification and rapid changes. And it is never a recent event since the attempt to predict
such change, or in other words, describe the future of FM, has been made by many researchers
world-wide.

Based on the current practice of FM and and the challenges imposed by external factors
such as informatization, more flexible working hours and so on, Nutt (2000) proposed four basic

possible trails for FM’s future, which he refers to as the "four competing futures", which are:

e Financial resource trail (business): also known as the "pioneering trail", which has un-
dergone fundamental change in the past two decades due to the introduction of Private
Finance Initiative (PFI). Such trail features the prioritization of operational FM phase, re-
placing life-cycle costing approach with "effective-life" framework for facility finance, as

well as promoting "use value" rather than "asset value".

e Human resource trail (people): as trail seen as the most radical route to the future of FM,
annotated by the emerging trend of "flexible working", which challenges to alter the sup-
port facilities that used to be required fundamentally. The HR trail of FM has an emphasis
on people, facilities and support services being the key business resource to be dynami-

cally deployed for long-term advantage rather than short-term gain.

e Physical resource trail (property): the most predictable trail, for facilities all have, after all,
a physical property. Future changes in this trail will be propelled by innovations within

facility support and design in terms of management measures and spatial modification.

* Knowledge resource trail (information): known as the "primitive trail", which is believed
to be mostly unexplored, or rephrased in today’s context as "extremely low utilization of
tremendously abundant big data". FM’s future development in such trail is believed to

address the following core questions, which are also the objective of this master’s thesis:
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- What management considerations should inform the design process? Yet what should

be avoided?

- How will any given facility design affect its management when in use? What oppor-

tunities/limitations will it bring about?

For the above mentioned four trails, Nutt (2000) further argued that they will all undergo
radical change in the coming decades, with parts of the four trails merge or diverge, splinter or
spawn new pathways. To better describe each trail’s status quo, Nutt (2000) also developed a

matrix with nine strategic positions (see Figure 2.3) to place all the four trails, in which:
* Financial resource trail is starts from the "neutral" position.
e Human resource trail sets out from the "brave" position.
* Physical resource trail will work its way through from the "neutral” position.

* Knowledge resource trail, at its best case scenario, has a neutral effect on operational risks
and opportunities, while at its worst pushing some corporate clients into the lower left

area of the matrix.

Risk and constraint
cautious safe robust

reduce

insecure neutral secure

contain

exposed | |vulnerable brave

increase

reduce maintain increase

Opportunity and advantage

Figure 2.3: Nine Strategic Positions (Nutt (2000))
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To sum up, FM, unlike real estate which sees the building mainly as commodity of financial
interests, views the building as a key factor for improved production, in spite of having its well-
defined core competencies, is subject to a high yet still increasing level of uncertainty as it is
constantly being shaped and formed by the external factors affecting all the sectors it involves
(such as corporate strategy design, building design). It covers a wide range of responsibilities
related to the design and operation of buildings and has thus become an integral part of the
core practices within built environment. It will gain higher importance and priority in affecting
the decision-making in both the design and operation of buildings as more and more studies

reveal the sustainable benefit of its practice.

2.2 Evidence-Based Design vs. POE

2.2.1 Experience-based design: referenceable example and transferable ex-

perience

Just like many of today’s civil technologies such as cellphone, microwave all stem from their
original military use, although these two fields are not closely related, the sector of real estate
and construction or FM can also be influenced or gain great inspiration from external sectors
such as business, media, social science and son on. Evidence-based design, also known as
experience-based design (EBD), or experience-based co-design (EBCD) is a relatively new field
of study emphasizing credible evidence to influence design. This approach has become popu-
lar in healthcare to improve patient and staff well-being, patient healing, stress reduction and
safety. Evidence-based design borrows terminology and ideas from disciplines such as environ-
mental psychology, architecture, neuroscience and behavioral economics. Although evidence-
based design approach is first utilized in the healthcare sector, it has gained a lot of valuable
insights and knowledge in providing patients with enhanced in-patient experience and design-
ing a more patient-friendly hospital environment, as well as better aligning healthcare facilities
with their intended function of serving the patients while eliminating unnecessary waste, which
are all good reference and transferable experience for the real estate/FM sector.

Similar to the challenge facing many of today’s buildings in terms of the adaptability in serv-
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ing a changing use over time, the healthcare sector, as argued by Nedin (2011), has a an urgent
need in the optimization of modern healthcare premises for tomorrow’s medical demand, and
evidence-based design plays a crucial role in accommodating such need. Based on the anal-
ysis of historical practice (such as the Renkioi Hospital designed by Brunel in the 1850s, see
Figure 2.4), as well as the projected trend in increasing financial burden and technological in-
novation, Nedin proposed a sustainable framework which he believed should be followed when
designing future hospitals. In this framework, Nedin started by re-stating all the principles that
define a genuinely sustainable healthcare system, which include but not limited to equal acces-
sibility, administrative independence, shared responsibility, good provision, and transparency.
These principles are seen by the author as the prerequisite for the design of any healthcare fa-

cility, and should thus be thoroughly investigated and deeply influenced by designers.
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Figure 2.4: Brunei'’s c. 1855 design for a prefabricated field hospital in Renkioi, Turkey: with only
a single nurse on duty, 24 beds in a single room with a hospital 'street’ in the middle was then
considered an optimum ward layout (TheArupJournal (1981))
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One of the fundamental misunderstandings for many designers, as pointed out by Nedin,
is to think of future flexibility of a hospital simply as the possibility to increase bed numbers,
while in reality this number has been decreasing due to decreased average length of stay (ALOS)
as a result of technological progress. Such example serves as a basis for Nedin to develop other

discussions between a sustainable rationale and current practice, which are (also see Figure 2.5):

¢ Whole life cost vs first cost

To achieve a holistic view, two financial discomfort should be addressed:
1. Best value as opposed to cheapest first cost.

2. Those in need are not receiving the most benefit from the current system

¢ Future vs current needs
Though many still regard flexibility as the possibility to add more beds in the future, prac-
tical statistics indicate otherwise, i.e. the bed number in the acute environment will need

to be reduced in the future, not increased.

* Low carbon vs high carbon
Breaking down of carbon emission will help a design to decide which is the best direction
to go for low carbon solutions. Although it is not practical for all climates to use natural
ventilation all the year around, since the energy price is very likely to continue growing, it
is always good to keep in mind a mixed-mode technical solutions at the design stage, for

every little bit counts.

¢ Innovation vs prescription
Bad problem solving will likely to trigger a more vicious chain reaction in terms of indoor

thermal comfort, energy consumption and carbon emission.

» Therapeutic environment vs clinical efficiency
Departmental adjacency does not necessarily equal to clinical efficiency, and insisting on
this mantra will inevitably cause designers to practice deep-plan building solutions, which
will in return worsen the case on energy consumption. A successful hospital premise
should create an environment which is patient-friendly, while encourage staff morale at

the same time. The author believes that single room occupancy is a future trend which
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allows a patient to be treated with privacy, dignity, and lower risk for hospital acquired in-
fection (HAI). Although therapeutic environment is beneficial both for patients and staff
morale, its importance cannot be identified on a quantitative basis due to the uniqueness

of individual patients, and hence its financial justification is hard to be validated.

Figure 2.5: A framework for the provision of a sustainable healthcare estate (Nedin (2011))

2.2.2 POE in a nutshell/bigger picture

Originated in the USA, post-occupancy evaluation (POE) bears a lot of resemblance to its British
counterpart of EBD, and is also recommended by the British Council for Offices (BCO) as part of
the EBD process, where the project usually refers to a building design fit-out or refurbishment,
or to inform the project brief where the project is the introduction of a new initiative, system or

process (Oseland (2007)). POE is also summarized by BCO as a tool that provides feedback of
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how successful the workplace is in supporting the occupying organisation and individual end-
user requirements, or in other words, whether a project brief has been met - although its original
definition is rather simple and straight forward:

POE is the process of evaluating buildings in a systematic and rigorous manner after they
have been built and occupied for some time (Preiser et al. (1988)).

Notably, The term “post-occupancy evaluation” is a misnomer, according to some experts, in
the sense that critical evaluation and review should not only occur in a facility once constructed
and occupied, but it should occur throughout the entire building delivery cycle (Preiser (1995)).
Such concern also gave rise to a more general building evaluation tool known as Building Per-
formance Evaluation (BPE), whose core concepts are predominantly inherited from POE, and
to which, POE has become an integral part of.

According to Preiser and Vischer (2006), as a more general tool of assessing building per-
formance, BPE systematically relates buildings and settings to users and their environmental
needs. It represents a conceptual, process-oriented approach that accommodates relational
concepts and can be applied to any type of building or environment. BPE is the process of
systematically comparing the actual performance of buildings, places and systems to explicitly
documented criteria for their expected performance. The performance assessment contains the

following 6 phases which goes through the entirely life cycle of a building:

e Strategic planning - effectiveness review
The effectiveness review happens at a stage when a project has not yet taken any solid
shape or form. With the help of market analysis and study of needs, options were pro-
posed as the corporation’s strategy. Followed by interviews to departmental managers,
business needs were learned and recorded. After that, series of group interviews were or-
ganized where user groups provide their basic requirements, upon which performance
criteria are deduced, and grouped into different categories. Finally, only a few possible

options are selected, which are believed to be most viable.

* Programming/briefing - programme review
During this stage, instructions for the design and construction/refurbishment of a new/

existing building are developed. In some cases (there are no unified terminology for pro-
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gramming/briefing), such instructions are called strategic brief. Within the framework of
BPE, briefing is positioned after planning and before design, while in reality, some briefing
happens as early as in the planning stage. Also, much of the detailed briefing can occur
during the design stage. The purpose of briefing is to reflect the values and aspirations
of the occupying organization and help communicate them to users and the public as a

whole.

* Design - design review
The core activity of design review is Participatory Design (PD), an approach of design at-
tempting to actively involve all stakeholders (e.g. employees, partners, customers, citi-
zens, end users) in the design process to help ensure the result meets their needs and is
usable. However, Preiser and Vischer (2006) also argues that it is important not to for-
get the immeasurably valuable and very personal contribution of those carrying out the

creative act of design.

¢ Construction - commissioning
The term “commissioning”, is officially known as the practice to provide documented
confirmation that building systems function in compliance with criteria set forth in the
project documents to satisfy the owner’s operational needs. The is a fine line between
construction administration and commissioning. The former mainly refers to the fulfill-
ing of technical and legal requirements, while the latter means to make sure the delivery
also live up to the users expectations. In other words, construction administration makes

users feel assured, commissioning makes users feel happy.

e Occupancy - post-occupancy evaluation
The deterioration of corporate synergy usually happens when decision makers underesti-
mate the important role played by the building performance assessment during the occu-
pancy phase, which is an equally important part of building delivery and the building’s life
cycle. In other words, POE (post-occupancy evaluation) addresses the question of how a
building perform as a whole during actual operation, and is responsible of providing both
feed-back for improving current situation within the building as well as feed-forward for

future reference by other (possibly new) buildings. Notably, for future reference, POE (as
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a sub process of BPE) also consists of 6 phases which are quite similar to that of BPE’s.

» Adaptive reuse/recycling - market needs assessment
Many corporate managers fail to see the correlation between the evolution of their core
business and the supporting building infrastructure (or real estate) that houses these re-
sources. Yet many successful examples (such as the HQ of Twitter and Airbnb) demon-
strate the importance of having such adaptability in quite possibly the corporate’s second
most important asset (this is, unfortunately, often ignored by many), through measuring
performance in terms of the relationship between operational facilities and business out-
comes. To do that, Key Performance Indicators (KPIs) need to be selected and justified

using a rational framework shown below (see Figure 2.6).
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Figure 2.6: Conceptual framework for building performance measurement (Eccles (1990))

To conclude the concepts introduced in this section, the idea of BPE is introduced to the

building sector as a relatively new type of assessment tool. According to Preiser and Vischer
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(2006), BPE is an innovative approach to the planning, design, construction and occupancy of
buildings. The intention of BPE is to construct a set of standardized KPIs to assess a building’s
entire life cycle, especially during its operational phase, and yield suggestions on how to best
adopt the building’s physical function to the core businesses of its occupants (note that the oc-
cupants and their respective core businesses are most likely subject to change during the entire
life cycle of a building) so that maximum benefit can be achieved at a minimum cost, and there-
fore, indirectly minimize the environmental impact of the building.

The BPE tool, which is predominantly based on POE, takes a more holistic view with less
doctrine of sustainability, and addresses the core value of different stakeholders as well as that
of the occupying organization as a whole. It bridges the gap between building professionals and
facility managers and encourages them to take a more systematic approach to designing and
monitoring building performance, aiming to keep down costs, reduce every usage and making

the best of building systems.

2.3 Building Design Process: Traditional vs. Unconventional

2.3.1 Building design: how it is done traditionally

The traditional process of building design, or what is still largely considered as a standard prac-
tice today, is a fairly linear one. During the process, responsibility is defined and assigned to
different divisions in charge, and the design work is passed on from one division to another as
the design progresses - without having too much dialogue in between. That being said, such
process does allows radical changes to be made at any stage, the only problem being how the
change can backfire on the team dynamic, and thus have a negative impact on the time man-
agement and budgeting. To better understand this process and what disadvantages it has, it is

important to first have a clear view over what players are involved:

 Architect: Responsible for overall site planning and interior spaces.

* Landscape architect: Responsible for selecting the proper vegetation to create shading,

the design of ground water irrigation, as well as green roof upon request by clients.



CHAPTER 2. BACKGROUND RESEARCH 28

¢ Civil engineer: Responsible for site design (such as footing and retaining wall), structural

design (such as concrete/timber/steel framework), and rainwater management

* Mechanical/electrical/plumbing (MEP) engineer: Responsible for designing the heating,

cooling, ventilation, mechanical, electrical, and plumbing systems of the building.

* Contractor: Normally referred to as general contractor (GC), is responsible for realizing

the blueprint, i.e. the construction, including site work.

¢ Facility manager: Sometimes also known as the building engineer, is responsible for the

maintenance of the building and its site during operation.

e Commissioning authority: Responsible for the commissioning throughout the entire pro-

cess, including reviewing drawing during design, and monitoring during construction.

e Owner: Defines the triple bottom line goal (as discussed in Chapter 1), and selects the

project team. Does not have to be an end user.

* Occupant: Also known as the end user, the inhabitant of the building, who should be
therefore, at the center of any design decision made towards a better comfortability and

productivity.

A traditional building design/construction process, which also known as the "design-bid-
build" process, covers the following stages and phases in a chronicle manner (see also Figure 2.7

for a visualization of each phase and the stakeholders involved):

* Design Stage

Preliminary phase: The owner hires a civil/environmental engineering team after ob-
taining a piece of property. The team makes environmental reports as a guidance for how

the building should fit on the site.

Programming phase: The architect works with the owner to detail the program re-

quirements.

Schematic design phase: The architect designs the building.
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Design development phase: The architect works with an engineering team mainly
consisting structural engineer and MEP engineer to fulfill the design made by the archi-
tect. Each professional will produce a set of construction documents (CDs), which are
used for permit review by local municipality, while the CDs are also used for bidding a
GC. The contractor is then given a short period of time to evaluate the drawings and get
familiar with the project. During that time, requests for information (RFIs) can be filed to
obtain more information about the project. Normally, contractor offering the lowest bid

will be selected.

* Construction Stage

Construction phase: Upon receiving the construction permit from local municipality,
and agreeing on construction cost, the construction commences. Traditionally, this phase

has very little design team involvement.

Substantial completion phase: Final inspection by the owner, during which time a

"punch list" is issued.
Final completion phase

Certification of occupancy phase: after receiving the certificate of occupancy, the

building is ready to be occupied.

Although the "design-bid-build" process has been practiced for decades, it’s disadvantages
are quite prominent. For example, during the design development phase, the architect has al-
ready designed the building, and the work is handed off to the engineers, who basically work
independently of each other, and their responsibilities are segmented just as the communica-
tion fragmented. And during the design development phase, when contractor is being selected,
although RFIs can be filed to help the contractor know more about the project, the given time is
too short for the contractor to have a comprehensive understanding of the project, yet, as long
as the contractor provides the lowest bid, he will usually get the bid regardless. So when the
lowest bidder wins the job, where are they cutting corners? Is quality being compromised? Was
a critical element omitted? No one likes to lose money, as that is just bad business, but is this

really the best way to select a contractor? (Cottrell (2014))
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2.3.2 The integrative process to design and construction

Unlike the traditional design-bid-build process, the integrative process to design and construct
a building encourages a project team to balance the triple bottom line concepts so as to deliver
a sustainable solution. When compared to the traditional project delivery method, the integra-
tive process for sustainable design projects requires a different approach, a different mindset,
perhaps requiring new skills for critical thinking, teamwork, and communication to “enhance
the efficiency and effectiveness of every system.” (USGBC (2014))

A typical integrative process normally consists of three stages:

* Discovery Stage
Although traditionally, the owner would only hire an environmental engineer to help se-
lect the site, the integrative process encourages the entire design team to participate the
site selection to ensure a proper site selection. Also, to guarantee a sustainable delivery in

design and construction, the following principles are adopted:
Adopt the right process: a right process promises a successful outcome.

Get in the process as early as possible: so that the most cost-effective approach is

ensured.

Follow through the entire project life: supervise the implementation of strategies while

collect meaningful feedback to feed forward for future reference.

Look beyond first cost to long-term savings: it is crucial to understand the necessity

of up-front investments in systems efficiency to gain saving over time.

Engage everyone: bring together all the professionals to collaboratively plan and exe-

cute the project from a holistic angle.

One of the major features that distinguishes an integrative process from the traditional
process is its non-linear approach. In an integrative design, ideas are continually being
developed by the entire team, researched and refined by smaller groups, and then brought
back to the team to consider critical next steps and make final decisions. Such iterative
process, also known as charrette (see Figure 2.8), allows for numerous feedback loops to

establish goals and assess design, construction, and operational strategies against those



CHAPTER 2. BACKGROUND RESEARCH 32

goals. Note that in a traditional design-bid-build process, the owner engages different de-
sign teams linearly and doesn’t have the chance to have all the professionals work together,
and always seeks for lowest bid at the risk of building quality. Whereas in an integrative

project delivery (IPD) process, the project team is brought together to produce a closed

loop of continuous iteration, and looks for the best low bid (Cottrell (2014)).

Figure 2.8: The word charrette is French for "cart" or "chariot". In Paris in the 19th century,
it was not unusual for student architects to continue working furiously in teams at the end of
the allotted term, up until a deadline, when a charrette would be wheeled among the students
to pick up their scale models and other work for review while they, each working furiously to
apply the finishing touches (Bonda and Sosnowchik (2006)). Today, the word may refer to an
intense period of design or planning activity, in which a group of different professionals drafts a
solution to a design problem. Conducting charrettes helps to facilitate critical thinking and col-
laborations between disciplines to find synergies between a building and its site. Photo source:
UniversityOfSouthernMississippi (2008).

* Design and Construction Stage
As the project moves forward and enters the design and construction stage, the following

tasks are addressed:
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Goal setting: It is critical for a project team to set clear goals defined by metrics.

Site observation: This step allows a project team to have a thorough understanding of
characteristics of the site and its existing facilities. These site findings will also be iterated

back to the itegrative process and complement the project.

Exploration and selection of technologies and strategies: The concept of the integra-
tive process is, in its essence, to spend more time up front to identify synergies, and ul-
timately save time and money in both short and long term while optimizing resources.
Such concept sets up a goal for the design team to find out the technologies and solutions
which not only perform best in a model, but also perform best over the life of the project

(USGBC (2014)).

Implementation: Construction occurs during the implementation phase of the project.
All implementation activities should be well documented so as to track performance as
well as providing information for third-party verification, and feed forward to the next

project of a similar kind.

* Occupancy, Operations, and Performance Feedback Stage
A genuinely sustainable project is an ongoing process - even after the construction crew
has left, for the collection of feedback is critical to not only the determination of success
of project goals, but also the information gathering and trouble-shooting during building

operations.

To sum up, compared to the traditional design-bid-build process which adopts a linear work
flow and usually selects the bid with lowest cost, the itegrative process highlights the value of
group synergies, and encourage all design team members to work together and follow through
the entire building and construction process to make sure an optimal output will be yielded,
and meet the demands of the users. The integrative process values long term savings over low

first cost, and selects the contractor based on best low cost, instead of lowest first cost.
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2.4 Pilot Study: From Shelter to Equity

2.4.1 Executive summary

By the beginning of the 21th century, Chile had surpassed most of its Latin American neighbors
in terms of economic development and political stability. Yet, there were still many families
living in informal settlement, and the government’s housing policy was still like it was before
- nothing more than a crisis mitigation mechanism. Low income families were provided with
housing subsidy and were relocated to newly-built standardized houses at the suburbs where
the land was cheap to acquire. Such solution usually led to a segregated community almost
entirely cut off from the public transportation system of the city and its career networks, creating
an even higher unemployment among residents, and a depreciating property price over time.

This case study by Cook and Boyer (2012) talks about an innovative housing project done by
Elemental, an architectural “do tank” based in Chile, which has been selected as the top 10 most
innovative companies of Latin America in 2015 (STAFF (2015)). During the project, Elemen-
tal managed to design houses for 100 families on the original plot of their informal settlement,
which was an expensive, privately-owned land in the city, while allowing them to harmonically
expand their houses over time, so the house actually became an asset with increasing area and
value, which in return, improved the families’ status both economically and socially (see Fig-
ure 2.9).

Here is an overview of major insights gained from this project:

e The Chilean Government’s outdated approach to housing shortage, as of today, is still

based on crisis provisioning.

¢ Elemental helped re-identify the question from a matter of housing shortage to the design
of equity. Such approach may not yield a unique solution, but will definitely create the

guideline towards an optimal solution.

* Byembracing the deficit in funding, the smart design concept of “half a good asset is better
than all of a bad asset” really triggered the power of self construction, which was often

ignored by the policy makers from the government.



CHAPTER 2. BACKGROUND RESEARCH 35

Figure 2.9: Collage depicting three stages of development. Left: models used in a co-design
session with future residents. Middle: completed construction. Right: after being lived in for
some time, showing modifications by the residents. Source: Elemental

* The adoption of the practice of participatory design between the multidisciplinary team
and the residents ensured the houses and community to have a high quality in terms of

architectural execution, as well as a perfect alignment with the needs from the direct users.

e Unconventional design solutions, whose proposed results often seem quite risky both po-
litically and financially, are only justifiable if future owners are rigorously engaged at the

early stage of the process.

* To bring the poor into the middle class, formal housing that increases in value is essential.

2.4.2 Project background

Chile’s rise has been rapid. Since 1985, GDP has increased by nearly 1000%; by contrast US GDP

has increased less than 200%. Although it’s no longer a poor country, when it comes to solving
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the housing shortage, the government’s mindset is still the same as before.

As recently as 1973 the government was overthrown by military coup, and runaway inflation
was destabilizing Chile’s economy. Thus, civil crisis is a relatively recent challenge for Chile’s
government. Crises mitigation is a significant factor in public policy development and even for-
mation of the government itself. As is true for most governments, the first response to crisis is to
deliver quantity-based solutions that have an immediate impact. This so-called enabling mar-
kets housing policy (Navarro (2005)) was pioneered in Chile as the government sought a balance
between state intervention and private sector housing delivery mechanisms. The government
would issue a one-time subsidy to qualifying families but was not involved in delivery of housing
units.

Prior to 2001, 3 major types of social housing units were available in Chile, each having its

own challenge:

* Medium/high rise buildings normally with an area of 40-45 m? per family. Units of this
type are often subject to illegal expansion, inadequate public space both in and out of the

building, and problems related to structural integrity.

* Row houses with walk-through rooms which are poor in privacy and windowless “blind
rooms”, such design is also under criticism for the inefficient use of land, which is believed

to be one of the reasons for Chile’s overcrowdedness.

* Single-family houses with an area of 36 m?, was once a popular model in the 1990s for its
original intention provide urban poor with middle class amenities. Yet, such design is only
feasible when residents are relocated to the outskirt of the city where there is still cheap

land available, and thus get cut off from the public transportation and job opportunities.

For any family eligible of receiving housing subsidy, the Chilean state would order a one-
time cash payment from the government (USD 3,700) which was combined with family savings
(USD 300) and a private bank loan secured by the family (USD 7,000) for a total per-unit budget
of USD 11,000. (Aravena (2010))

The social housing system was meant to provide the urban poor with middle class amenity,

and as a result, the houses all had middle class style, though being minimalized in size and
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relocated to some communities far from the urban norm of security, education, public trans-
portation and jobs. Under such context, the houses were depreciating all the time, deviating the
social housing system from its goal of promoting social equity to actually duplicating or even
worsen the problem.

In a changed time and political ecosystem of Chile, eliminating the chronicle deficit of hous-
ing shortage calls for innovative approaches. Previous practice might be considered successful
in terms of providing shelter to the needed, yet it never addressed the core problem of eradicat-
ing poverty, and nor would expedients such as tampering with the subsidy amount, real estate
prices, or seeking external donation lead to any genuinely sustainable solutions to this problem.

With a determination to design within the given constraints, which was believed to be the
prerequisite in justifying the cause politically, architects of Elemental formulated the following

precepts (Cook and Boyer (2012)):
* Quality in parallel with quantity is possible
 Social housing could potentially be an asset instead of an expense
» The value of social housing can, just like other types of property, increase over time
Based on these precepts, Elemental developed several design principles:

* Social housing must have a good location, where urban poor could benefit from the net-

work of opportunities they need the most.

e Families were encouraged to form groups of 20-30 within a bigger community, these sub
communities were considered groups sharing collective space and relationship, which

could contribute to an improved security and democracy.

¢ Social housing units must be constructed in a way which allows them to, instead of ran-
domly expand, harmonically develop over time, so that the residents wouldn’t be impov-

erished again by depreciated property.

* Government benefits should be redirected towards elements that were most difficult to
obtain by families on their own, as opposed to ensuring a home with all the necessities

but with lower quality.
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e Similarly, subsidy should be invested in the structural design of housing units allowing the

flexibility in expansion which would be possible for the families to execute on their own.

2.4.3 Thereal problems

In their first real case of innovative re-housing project, Quinta Monroy, a settlement consisting
of 100 families (see Figure 2.10) located in the coastal town of Iquique, 1600 km to the north
of Santiago, Elemental organized workshops among families, giving them alternative options
(for example, to choose between a bathtub and a water heater) of similar necessity to discern
preferences, even if it meant difference between two immediate neighbors (see Figure 2.11).
Such effort was well paid-off, families felt the “half of a good house” strategy really provided

them with what they needed most while allowing them to build upon that platform their own

wealth and dignity, that they were motivated to defend their interests in public.

M/

Figure 2.10: Quinta Monroy, as seen here before Elemental’s project, is representative of Chile’s
informal urban settlements. Source: Elemental
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Figure 2.11: Future owners were involved in the design process through a series of workshops.
These sessions included the group making difficult choices about what to build now and what
to leave for later. As construction began, the workshops focused on how the owners would be
able to make best use of the new homes and expand them safely. Source: Elemental

A noticeable detail in the participatory design process of Quinta Monroy was when Elemen-
tal decided to replace the water heater (which was demanded by the housing policy as a basic
appliance in new housing) with a bathtub, due to the experience from residents who usually sold
water heater for cash at the early stage of occupancy and repurchased it later as their condition
improved. A bathtub on the other hand, was vastly welcomed by the residents for it provided
irreplaceable convenience for families with babies, and most important of all, it was hard to
retrofit a bathtub after the construction.

However, if the water heater example is what makes the readers think that participatory de-
sign is so peaceful and smooth like a hippie, romantic, let’s-all-do-it-together-for-the-future
kind of thing, the message would be misleading, to say the very least. In reality, residents of
Quita Monroy lacked enough visible assets to make themselves eligible in receiving help from
financial institutions and the state, and to make matter worse, a change in the housing policy

had reduced the budget to USD 7,500 (USD 7,200 subsidy + USD 300 family savings) compared
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to the previously mentioned budget of USD 11,000 (USD 3,700 one-time cash payment from
government + USD 300 family savings + USD 7,000 private bank loan). Such financial con-
straints created a lot of struggles for Elemental’s design team. If Elemental was to adopt the
single-family model, the plot of land could only accommodate 32 families, letting alone the fact
that it was not possible for the 32 families to acquire the land with the money they had. Building
row houses seemed to be a better idea, yet still, only 60 out of 100 families could be fitted into
that area. Medium-rise buildings was the only viable option which could accommodate all 100
families, but the families threatened to go on a hunger strike if such plan was ever proposed, be-
cause of all the bad reputation medium-rise buildings had gained over the years, such as illegal
expansion, insufficient public space, and hindered structural integrity.

By adding these new constraints to the existing ones, Elemental finally set its delivery goals

to be (Cook and Boyer (2012)):

The Quita Monroy community would keep its prime location

e The community would be planned as a whole, as opposed to the mere assemblage of 100

homes

* The housing units would be designed in a way that allows them to expand over time in a

harmonious manner (see Figure 2.12)

* Asagreed by the families, the buildings would only be installed with elements they needed
the most, in the belief that it could help reduce cost, and whatever was omitted would be

installed by the families in the future (see Figure 2.13)

Up to this point, the challenges facing Elemental were only solved design-wise, for all of
that design, no matter how appealing it appeared to the clients, would stay on paper unless a
contractor was willing to implement that design. This was because all interior finishing of the
buildings, which were considered parts that could generate most profits for the contractor, was
intentionally omitted in the design to reduce cost. Luckily, there was after all, one company
willing to take the risk solely out of the goodwill of community empowerment.

By 2004, the Quita Monroy re-housing project completed, as families started moving in, their

subsequent expansion started almost immediately. After the expansion, the size of the house
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Figure 2.12: Left: Quinta Monroy as it appeared when construction was complete. Right: Quinta
Monroy after self-construction. Source: Elemental

increased, and together with it, the price of their legal assets (it was estimated that after expan-
sion, each housing unit had an area of 60 m? and value of USD 20,000). Hence, the success of
the project could be concluded with an equation:

$7,500 (subsidy) + $750 (value of self-built additions/improvements) = $20,000 (home value)

2.4.4 The aftermath

As an aftermath of the Quinta Monroy project, Elemental decided to pursue a for-profit incor-
poration whose mission is to rigorously pursue better solution to complex challenges in built
environment while maintaining its good academic ties with all of its sponsor institutions.
Elemental’s success had also drawn attention from big companies who cared about good
causes. In 2006, Chilean Oil Company (COPEC) purchased 40% of Elemental’s stake, in an effort

to fulfill its corporate social responsibility, for Elemental’s design philosophy of embracing the
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Figure 2.13: Interior views of a unit in Quinta Monroy showing before (up) and after (down). Self-
constructed modifications include windows, floor surfaces, and painting. Source: Elemental

constraints really appealed to COPEC’s values. The funds raised from this purchase were used
to building more similar projects which would eventually make Elemental’s practice profitable
(Cook and Boyer (2012)).

Element’s success was also way beyond housing, with the success in the Quinta Monroy
project as well as several subsequent housing projets, Element’s approach of problem-solving
had also helped develop a decision-making framework based on keenly observed evidence of
needs (which serves as irrefutable supports for some seemingly bold design decisions), and

the awareness of actual consequences. Such framework opened up opportunities for problem-
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solving in a much greater quantity and scale whilst delivering growing value and promoting

social equity.

2.4.5 Conclusion

None of the techniques used in the Quinta Monroy project was rocket science, most of them
were actually simple and low-tech approaches so that anyone with a common sense could do
it. Thanks to all that common sense, Quinta Monroy was transformed from a simple hous-
ing project into a genuinely sustainable project that provided people with a growing asset and
opened up opportunities for social equity. So the lesson learned was: sustainability is nothing
but the rigorous use of common sense.

The driving force for the success of the Quinta Monroy project was self-construction, a deep
rooted Chilean tradition. Yet, the force needs to be translated into form, and what that form is
modelling and shaping is not cement, bricks or woods, it is life itself. Design’s power of synthesis

is just an attempt to put at the inner-most core of architecture, the force of life.(Aravena (2014))



Chapter 3

Analysis and Evaluation

In this chapter, the user experience’s influence on early phase building design will be investi-
gated and discussed in detail so as to validate its underrated importance. Pertaining to the ways
in which the user phase experience’s influence over the early phase of building design is mea-
sured, there are quite a few different approaches, they will be discussed in this chapter in terms
of respective characteristics. Finally, a survey is presented to showcase the diverse value propo-
sition within the specific stakeholder group of owners, who are, in some cases, also the users of
the building, yet their positive influence over building design is sometimes underrepresented
in the decision making during the design process. The survey provides a good speculation into
what are the major concerns from the owners/users of the building, and to what extent are these

concerns appreciated, or neglected in the building design process.

3.1 Loops of Feedback

Both concepts of positive and negative feedback loop have been widely applied in many fields
such as biology, mathematics, digital electronics and so on. Generally speaking, a positive feed-
back loop has an effect of "A produces more of B which in turn produces more of A" (Keesing
(1981)). For example, agriculture and human population can be considered to be in a positive
feedback mode, which means that one drives the other with increasing intensity (see fig. 3.1).
Considering such definition, the actual cause and effect of a positive feedback loop isn't always

necessarily positive, the global warming cycle of "climate warms-buy/use more air condition-

44
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ing - more energy use + CO2 emissions" is one of the most known case of positive feedback
loop, which is also known as a vicious circle. And as a contrast, a negative feedback loop nor-
mally means "the results of a change act to reduce or counteract the change itself." (Zeigler et al.
(2000)). For example, population of predators and prey - if the numbers of prey decreases, then
some predators will starve, and their numbers will decrease as well. As discussed in the scope
of this thesis in Chapter 1, the influence of user phase experience over early phase building de-
sign also works in a cycle similar to the mechanism of a feedback loop. Yet, such loop can be
labeled as either "positive" or "negative" depending on different perspectives. From a synergy
perspective, such cycle suggests a positive feedback loop (as shown in fig. 1.3) in which the user
experience urges the design team to have an optimal work dynamic, and as a result, the design
team is more likely to perform an integrated design in the building design process, which will in
return further enhance the user phase experience. Yet, from another perspective of lean man-
ufacturing, this is a negative feedback loop in which all the "muda"(a Japanese word meaning
"futility; uselessness; idleness; superfluity; waste; wastage; wastefulness", and is a key concept

in the Toyota Production System (TPS) Kenkyusha (2003)) is reduced along the loop.

Population

Growth

Agriculture

More and Population Agricultural
,l‘lgricult_u?nl Growth Productivity
Productivity A Positive -
Feedback Loop

More
Population
Growth

Figure 3.1: The positive feedback loop between agriculture and population growth (University-
ofCalifornial.osAngeles)
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3.2 Current Practices

3.2.1 Seeingbeyond cost

The practice of building design is, if understood in the context of market economy, a procure-
ment process in which the design team offers its work of knowledge in exchange of economic
interests from the owners/users. The owners/users on the other hand, expect this procurement
to provide the best "value for money" which is defined by HMTreasury (2006) as the optimum
combination of whole of life costs and quality (or fitness for purpose) of the good or service to
meet the users’ requirement. Value for money is not the choice of goods and services based on
the lowest cost bid. To undertake a well-managed procurement, it is necessary to consider up-
front, and at the earliest stage of procurement, what the key drivers of value for money in the
procurement process will be. For such procurement, a recommended approach would be to,
with the help of sensitivity and scenario analysis, create options and values, including those for
a base case situation that is adjustable to having non-monetary impacts and uncertainty about
the building’s future use. To create these options, it requires the analysis of all stakeholders’
opinion so as to have an accurate identification of the potential project’s functional objectives.
While the list of objectives always contain the Do Minimum option, also known as the base case
which can be interpreted as doing nothing at all, the base case is rarely a zero-cost option, and is
very often not the least-cost option either, thus fails to provide best value for money Kelly et al.
(2015).

To identify the optimal option of functional objectives which provides the best value for
money, it is important to take into account the wider social costs and benefits to satisfy organi-
zational strategies/policies, and ensure the proper use of resources by identifying and analyzing
a number of potential approaches that achieve similar outcomes. It is advised that a project

shall be adopted only if the following two questions are answered (Kelly et al. (2015)):

 Are there better ways to achieve this objective?

¢ Are there better uses for these resources?
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3.2.2 Different assessment methods of building performance

To influence the early phase of building design with user experience, such experience needs to
be (if not entirely) translated into metrics which can work as the design principles. To do that,
many different assessment methods are developed to evaluate the building performance on
both strategic and tactical level. In short, strategic assessment methods help derive objectives
about what to do and what to achieve in the design, while tactical assessment methods deal
with how to do it and include more technical details. In this thesis, some of the most widely

used assessment methods will be discussed, which are:

* Strategic:
The Balance Score Card (BSC)
Feed forward loops and soft landing initiative

MultiMap and its further development

¢ Tactical:

Leadership in Energy and Environmental Design (LEED)

The Balanced Score Card (BSC)

Originally developed as a assessment in the business sector for corporate strategy, the BSC
opens up opportunities to use more business-oriented tools for the purpose of building per-
formance assessment. Or rather, it allows assessment of building performance to become an
integral part of the business strategy. Using the tool of BSC, the essence of corporate synergy
can be extracted from and for the practice of assessing building performance.

According to Kaplan and Norton (2006), the BSC is a strategic performance management
framework, that allows organizations to define their strategic priorities and then design indica-
tors and measures to monitor how well they are executing their strategy. It sits at the very top of
the organization where definition on what this company is about and which direction the com-
pany is going into are made, it’s called a vision. With that in mind, then it is possible to direct all
business units to make sure they are all aligned for the right task. It identifies the most intuitive

components of a company strategy in terms of several (if not just 4) perspectives:
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 Financial perspective: such as where to grow revenue, to what level need the cost be cut.

Customer perspective: with intention such as increasing brand awareness/satisfaction.
Anything developed from the customer perspective will in return also help the financial

perspective.

Internal process perspective: such as optimizing the business process.

* Learning and growth perspective: probably the least understandable perspective (include
human capital, information capital, etc.) With the help of the right people and the right

information, a proper corporate strategy will be made.

The biggest benefit of utilizing the BSC method is that it enables the corporate to have an
agreement on the strategic priorities on a single sheet of strategy map instead of a 30-pager
report that nobody is going to read, and once the objective priorities are defined, everyone in
the corporate can work towards the same goal.

To put it in a nutshell, the tool of BSC helps a corporate develop strategies by identifying the
core value of different stakeholders and aligns it with the corporate’s competitive edge, and thus
make sure the right people are always doing the right job in the right way.

There are also other tools who share similar features with the BSC tool. The Osterwalder
Business Canvas model is a strategic management and lean startup template for developing
new or documenting existing business models. It is a visual chart with elements describing a
firm’s value proposition, infrastructure, customers, and finances. It assists firms in aligning their
activities by illustrating potential trade-offs. Unlike the BSC tool which allows a user to add more
modules into its structure where he sees fit, the Business Canvas model has fixed sections where
the user inputs the corresponding information and eventually forms the business structure as a

whole. (an example of the Osterwalder Business Canvas model can be found in Appendix B ).

The feed-forward loop

In many of today’s common practices, when there is a problem which hinders the alignment
between the building’s function and the users’ core value, the design team will be informed of

such problem as a feedback from user phase, the design team will then come up with solutions
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(if not contingency) for the problem. Unfortunately, this is normally where it ends - the problem
and its solution stays with the current project, and unless demanded as a case reference, will not
provide any insight for any future projects with possibility of having the same or similar prob-
lem. In view of this lack of feed-forward loop from the design phase into user phase, Leaman
et al. (2010) proposed a feed-forward loop as an intention to provide information concerning
the use of the building to the implementation, design and justification phases. The research
examined 5 types of feedback loops as shown in fig. 3.2. Out of the 5 types of feedback, level
2 and 3 work as hindsight and foresight which connects the users and the FM people with the
planners, designers and the construction team, whereas level 1, 4, 5, and 6 are more related to
the knowledge management of academic activity.

Client Design and Building team Users and facilities managers

Justification Briefing and design Implementation Initial use Normal use

p A I A 4
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BENEFIT NOW
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Figure 3.2: Five types of feedback (Leaman et al. (2010))

Leaman et al. (2010) also described another assessment method known as the Soft Landings
initiative, which aims to smooth the transition from construction into operation/use by having

a team going with the handing over of the building and stay until the operation of the building
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runs smoothly. Such method, as concluded by Valen (2015) in her unpublished work, allows the
team to collect data directly from the building and then feed the design team with better insight
on the use of the building, thus closing the feedback loop which could as well be used to feed-
forward to future projects. However, the method requires a lot of resource and is expensive in
terms of all the cost for labor and time spent on observing the use of the building.

In another research conducted by Steinke et al. (2010), the feed-forward loop method was
combined with the BSC method to evaluate building performance in health care design and
performance of buildings in light of the long term strategies of the health care organizations. The
feed-forward knowledge loop used in this methodology rephrased level 2 and 3 in the "5 types
of feedback" model which are usually used for building performance evaluation and visualized

it into the following diagram (see fig. 3.3):
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Figure 3.3: Feed-forward knowledge loop: Evaluating Building Performance (Steinke et al.
(2010))

This model closes up the loop to pass insight from current project to the next one while en-
gaging a number of stakeholders (Valen (2015)). This model has also proven the BSC method’s

ability to eliminate barriers between people, departments and industries in a way that encour-
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ages communication awareness and accountability and encourages an inclusive way of thinking

(Steinke et al. (2010)).

3.2.3 The MultiMap method and its further development

Originally intended for the purpose of providing information for the physical condition of build-
ings, the MultiMap method is a tool for strategic building analysis as well as mapping the phys-
ical properties of existing building portfolios. The method includes an analysis and assessment
of the current situation with respect to core business needs, the building stock performance to
support these needs, and the potential for further sustainable development. So far it is used on
approx 25 million square meters (hospitals, public buildings), which is about 55% of the build-
ing mass in Norwegian public sector. Recently the method has been adapted to other types of
infrastructure, i.e. roads and nautical installations (Bjorberg et al. (2012)).

The main purpose of the tool is to get a better model for gathering information needed to
support the strategic planning within large portfolios to strengthen the interaction between core
business and supporting services in a relatively short period of time. In order to achieve this
purpose, the collection of large amount of data is necessary, this is usually done through means
including but not limited to Literature studies, evaluation of available existing methods, docu-
ment studies, interviews, workshops, large scale case studies, R&D projects and real life projects
with clients.

The development of building performance assessment metrics of the MultiMap method are
based on the principles of the Norwegian Standard NS3424, in which a grading scale ranging
from 0 to 3 is adopted with 0 being the best grade and 3 the worst (see also table 3.1). Also, a

color coding of green, yellow, and red is corresponding to this grading scale in the same way of

a traffic light.
Condition grade | Description Color
0 No symptoms Green
1 Slight symptoms Yellow
2 Medium-strong symptoms Red
3 Strong symptoms Red

Table 3.1: Aggregation of information (Bjerberg et al. (2012))
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This grading scale is applied to a large quantity of parameters and requirements dedicated

to the assessment of building portfolios which are categorized into following modules:

¢ Technical condition
e Usability

* Closeness/distance
e Fire safety

¢ Energy

* Maintenance plan

* Life Cycle Cost (LCC)

¢ Infrastracture and site

Adaptability

When conducting the analysis, each building is mapped floor by floor for the purpose of both
aggregating information and matching against predefined requirements. However, given all the
parameters and requirements in all the modules, collected data won't be sufficiently useful un-
less interpreted and re-presented into an overview that is easy to understand. The MultiMap

mainly communicates its data analysis through two ways:

e Show a map of the whole site, with links to detailed information on each building (see

fig. 3.4).

e Use BIM (Building Information Modelling) tools such as Onuma Planning System together
with Google Earth. The latter will provide an accurate site image for locating the project,
while the former will generate color-coded models showing a building’s condition in each

floor on that site (see fig. 3.5).

Thanks to the big amount of information it collects, and its ability to collect massive data in a

relatively short time window, the MultiMap method also provides good information base for the
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Figure 3.5: Feed-forward knowledge loop: Evaluating Building Performance (Bjorberg et al.
(2012))

evaluation of potential for sustainability in existing buildings. In a research conducted by Hvide
et al.,, he proposed a new method based on the cross comparison of several existing assessment
tools including LCA(Life Cycle Assessment), LCC, SURE(Sustainable Refurbishment), BREEAM
in-use, SIA(Sustainable Impact Assessment) and MultiMap, as well as feedback collected from
survey and interviews. This new method was believed to be a qualitative method suitable for the
preliminary evaluation of sustainability within existing buildings. The concept of triple bottom
line (Elkington (1998)) has been emphasized in this new method to accentuate the importance

of achieving a balanced review on the sustainability of an existing building. That is to say, a
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sustainable renovation is only going to be carried out if the solution is predicted to be socially
positive, economically feasible, and environmentally friendly. To do that, a 6-step process will

be followed:

The purpose of the building will be identified

* Fixed limit for sustainability renovation (such as special building regulation, conservation

status etc.) is defined
¢ Evaluation of social and environmental factors (the non-economic factors)
 Evaluation of the cost of implementing the factors in step 3

* Such cost is again evaluated so as to see if it is truly feasible to achieve without under-

standing the environmental and social goals

e Based on previous steps, a conclusion will be drawn to decide whether such potential is

realistic or only theoretical

The above steps are considered an iteration process of evaluating the gap between the level
of ambition according to requirement/demand and the building’s actual performance to date,
which is known as the theoretical potential. The evaluation of theoretical potential against the
triple bottom line will decide whether such potential can be realized. In general this MultiMap-
integrated new assessment method points a good direction in looking at sustainable buildings
in a more holistic and rational perspective while proposing a framework under which a more

specific assessment tool for existing buildings is developed and perfected.

Leadership in Energy and Environmental Design (LEED)

The following figure (see fig. 3.6) shows different green building rating systems and their respec-
tive global distribution. According to Reed (2012), while there are positive and negative char-
acteristics associated with each rating tool, it is important to continue monitoring their success
with regards to their take-up rate and implementation. After considering all of the efforts to
increase sustainability in the built environment, it is critical that the goal of more sustainable

buildings is not hindered by the absence of a truly international rating system.
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Exhibit 1 | Complex System of International Rating Tools
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Figure 3.6: International Comparison of Sustainable Rating Tools (Reed (2012))
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Although truly international rating system does not exit, it is worth noticing that LEED (Lead-
ership in Energy and Environmental Design) is currently one of the most popular rating system
in the world, and USGBC (US Green Building Council) claims itself to be a non-profit organi-
zation dedicated to the research, development, and promotion of such system. Yet, it is not
mandatory for building owners to get a LEED certificate, and USGBC is making tremendous for-
tune out of the training of LEED practitioners as well as the assessment process. It is no doubt
that LEED is so far the most successfully marketed green building rating system which creates
a win-win situation among all the stakeholders involved, given the tact that LEED is a market-
driven program that provides third-party verification of green buildings (to find out more details
about the LEED system, and its connection with USGBC, see Appendix B). However, LEED is not
necessarily the most technically advanced green building rating system compared to CASBEE
(Comprehensive Assessment System for Built Environment Efficiency), which is a mandatory
rating system enforced by the Japanese government.

To put the rating system in a nutshell, a chart (see Appendix B) was made to show the sub
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systems within the latest LEED v4 system and their respective evaluation categories, under each
category there are many tick-box evaluation criteria which are not shown here. As we can see,
most subsystems such as new constructions, commercial interiors, schools and so on share the
same evaluation categories, while homes and neighborhood have their own unique categories.
All the numbers listed in the table are the maximum score one can earn for a certain category
within that specific subsystem. Any building being evaluated will fall into one of the subsystems
listed, and through the evaluation of all its categories, a total score will be given. According to
the total score, the building will be certified as different level (certified/silver/gold/platinum).
In other words, the higher score a building can earn, the higher level it will be certified, and thus
more added value to the building.

To illustrate how to manipulate the score so as to get a higher certificate, an example of
the subsystem of Homes and Multifamily Low-rise is made. Assumed a new residential build-
ing will be built on a new plot in Trondheim, Norway. To collect those easiest points, focus is
placed on Energy and Atmosphere, as well as Indoor Environment Quality, which mainly in-
volve optimized design in the HVAC system as well as the air tightness of the building envelope
(e.g. Insulation, window, door). As a Nordic country, Norway has a high latitude and a cold cli-
mate, therefore the air tightness of building envelope is already part of the basic requirement of
the building code (the Norwegian building code requires that the air tightness for a single fam-
ily house should be below 4.0 ach at 50 Pa. In a high-performance building the necessary air
flow rate is provided by the ventilation system, and a high air infiltration only leads to unnec-
essary heat losses (Hastings et al. (2006))). Also, investment in water efficiency technology such
as rainwater catchment, high efficiency showerhead/toilet retrofits can help secure another 15
points under the Water Efficiency category, although water scarcity is hardly any issue in Nor-
way thanks to the abundant precipitation and all the rushing streams along the mountainous
terrain. Up to this point, there are already 12 (Water Efficiency) + 38 (Energy and Atmosphere)
+ 16 (Indoor Environment Quality) = 66, which qualifies the building for LEED Gold, and it is
entirely possible to score another 1 or 2 points from the rest of the categories such as Material
and Resources, Innovation in Design, Local and Linkages and so on. And then, a LEED Gold
certified building is achieved, which indicates a building with outstanding energy performance

and extremely low environmental impact. Or, does it?



CHAPTER 3. ANALYSIS AND EVALUATION 57

The reason for the above mentioned example is based on the prediction that the popula-
tion of Norway is expected to exceed 7 million by 2050, while the current population of Norway
is about 5 million, cities will be expanding, and more and more residential buildings will be
built to accommodate the growing population. Since the building sector consumes more than
40% of the total energy, it is more than meaningful to improve the energy performance of build-
ings, especially in residential buildings, whose energy consumption mainly comes from heating,
cooling, cooking and lighting. However, problem remains as owners of residential buildings are
less motivated to consider a LEED certification since it increases the expenditure which takes
a long period to payback, not to mention that some sustainable solutions are unnecessary in
the local context (water efficiency in Norway for example). In other words, owners of residential
buildings are supposed to be one of the major players in the LEED rating system, yet, they either
feel less motivated to involve, or become so obsessed with the idea of earning higher score for a
better certificate and end up leaving an even bigger environmental impact.

To sum up, while LEED as a constantly developing system with its competitive edges in
global recognition, relatively low operation cost, added value, and third-party objectivity (note
that objectivity does not contradict with the fact of LEED being a market-driven programme),
the disadvantages of LEED is also quite obvious: it is expensive to apply for and maintain a
LEED certificate; its tick-box criteria allows it to give points without performing any calcula-
tion on the actual GHG emissions, leaving alone that the assessment process of LEED is based
mostly on documentations, which might be convenient for those who forge their documenta-
tions. Last but not least, LEED is very inflexible about any local context, which often leads to a
less meaningful but rather wasteful decision just for the sake of having the score. Yet, LEED is
still considered one of the most comprehensive rating system which provides a good selection
of technical guidance for built environment.

That being said, one should not however, mistake the approach of LEED with the purpose of

achieving a genuinely sustainable society. LEED can only take us so far.
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3.3 Value Proposition Survey

“Nowadays people know the price of everything and the value of nothing.” -Oscar Wilde, The
Picture of Dorian Gray

Nowadays, there is a trend towards performance-based programming, design and manage-
ment of facilities aiming to keep down costs, reduce energy usage and making the best of build-
ing systems. Project OSCAR is a project jointly carried out between Norway’s leading consulting
company Multiconsult and the Norwegian University of Science and Technology. The focus of
Project OSCAR is on developing competence, methods and analysis tool which makes it possi-
ble to optimize building design in a way that it will contribute to value creation for owners and
end-users throughout its entire life cycle.

And as part of the project, a survey was conducted among owners of buildings to find out
their respective value proposition during May 26th and June 12th of 2015. It was believed that
the feedback could provide important information in helping establish definitions (and stan-
dards) for different value concepts and value creation. The survey was sent to a total of 5953
respondents, of which, 673 respondents (140 female and 533 male) aging from 25 to 58 were
able to give effective response. The survey was conducted in Norwegian, original questions and
answers can be found in Appendix B.

The response of the survey can be interpreted as follow:

* On respondents

Mostly respondents were from the private sector (49.8%), and most likely from senior
positions given the average age of respondents was 54.73 years. Most respondents’ educa-
tional background was engineering/technological/environmental studies, which seemed
to explain the gender composition of the respondents where the vast majority (79.2%) was

male.

Among the respondents, the top 3 common roles were developer/owner (26.8%), build-
ing/property manager (19.5%), and engineering consultant (17.9%). And the top 3 phases
of building project in which the respondents were mostly involved were (overlapping ap-
ply) implementation (54.8%), early/project development (51%), operation (37.8%). Al-

though respondents were from different occupations and positions, their working envi-
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ronment seemed to bear more resemblance in which 49.7% were based their answer on
building type of office, and most of them (72.4%) were willing to take the user’s perspective
when answering to the survey while only 27.6% took the owner’s perspective, which res-
onated to the result that 59.6% of the respondents believed that users and owners would

prioritize differently with regard to value aspects.

* On buildings

For building commissioning, the most measured and reported parameters were en-
ergy consumption (71.5%), area utilization (60.7%), condition grading on buildings (60.7%),
indoor air quality (53.4%).

While current value of cash flow, effect on core activity, energy cost, investment cost,
life cycle cost, economic risks were considered important in a building’s life cycle, cost ef-
fective service (such as mail, canteen, etc.), cost effective cleaning, the building’s market
value on disposal, total cost per working area during operation period, payback were of
less concern for the respondents. And problems such as lack of clear order for project,
under-representation of roles, missing multidisciplinary understanding of project organi-
zation, lack of expertise on life cycle planning and economics, lack of knowledge during
operation phase, insufficient involvement of end users were considered the biggest obsta-

cles for a building’s operation.

For the building’s spatial design, most people appreciated user involvement, space
dedicated to flexible working, places for formal/informal meeting, spaces emphasizing
company value, good architectural quality. Respondents also embraced amenities such as
possibility for individual control of lighting and temperature, interior well-being, intuitive
way-finding, and security. On the other hand, respondents seemed to be mostly tolerant if

there was no space dedicated to physical exercising such as exercise room with wardrobes.

Most respondents believed in the good cause of sustainability, and that’s why most
of them did believe the use of environmentally friendly product, use of recycled mate-
rial, indoor climate and comfort, and effective waste management are crucial for a build-
ing. However, only a small proportion of them were convinced that energy efficiency,

GHG emission over the building’s life cycle, energy level certification (such as BREEAM
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or LEED) are of equal importance.

It is good to see that most respondents actually thought less about having enough
parking space for cars at their working place but paid more attention to parking space for
bikes, which was considered as equally important as flexible floor plan, life cycle planning,

and universal design in the building.

To sum up, although a building’s environmental impact did concern most respondents who
took a user’s perspective in this survey, and they valued sustainability within the building, it was
convenient for them to demand indoor comfort at the cost of a bigger carbon footprint as they
quite contradictorily also displayed how much less they thought of the importance of energy
efficiency. Such inconsistency in the respondents’ perception of the building suggests a clear

gap between a building’s common status quo and the ideal standard it is yet to meet.



Chapter 4

Case Studies

In this chapter, three case studies are presented, followed by a discussion concluding what they
have in common. Each case study has a different focus, the Chamazi case, similar to the Quinta
Monroy case discussed in the pilot study in Chapter 2, is a fair example of participatory design
in both improving people’s living standard and empowering stakeholders with underprivileged
social status. The case on the Syracuse Center of Excellence (SCOE), sets an example of how
integrated design can be carried out inside an interdisciplinary design team, which not only
helps the team itself to deliver a design better suited for the intended use, but also fosters a
democratic culture along the process. Lastly, the school project case featuring a local story from
Trondheim, is documented as an example of how a group representing many owners/users can
help communicate their core value to the design team and thus achieve an optimal design that

best meets the owners/users’ demand.

4.1 Case Study - Chamazi: Beyond Walls

Out of all the three case studies documented in this chapter, Project Chamazi is presented the
first, not only because these case studies are presented in a chronicle order, but also because this
case is an extreme case showcasing how rigorously a design team can possibly engage the own-
ers/users of a building, and through this exchange of knowledge, how drastically the design can
be influenced and changed as a result. During the project, the design of a house had undergone

two major modifications by different person/organization, each with a different intention. And
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what this project has taught us, goes way beyond real estate, FM, and architecture, it reveals the
power of people, who are at the center of all innovations, the power which propels the change
for a better living while maintaining non-compromise in eco-friendliness, the power without

which, the value of real estate and FM can never be exploited to the fullest.

Figure 4.1: From the right clockwise: Unplanned areas slated for demolishing source: Google
Map/Demolished house in Kurasini, photo by: Margaret Ricke/ Demolished house in Kurasini,
photo by: Margaret Ricke
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4.1.1 Project brief/status quo of Chamazi, as of 2013

Co-initiated by the Tanzania Urban Poor Federation (also known as "the Federation"), the Cen-
ter for Community Initiatives (CCI), and the NGO of Homeless International, the Chamazi re-
settlement project aims to harbor part of the evicted residents from Kurasini. The Tanzanian
Government’s began its Kurasini redevelopment project in order to expand the size and capac-
ity of Dar es Salaam Port, and as part of the project, more than 36,000 residents of Kurasini were
evicted from their homes in 2006 and 2007, the majority of them were tenants, uncompensated
(as shown in Figure 4.1).

The major goal of the Chamazi Project was to provide safe, secure and attainable housing for
more than 500 families. The Federation and CCI had pursued a variety of strategies in pursuit of
this goal. They had worked with municipal authorities in order to decrease the minimum plot
size and to lower the cost of land to the home-owners. The Federation has also teamed up with
Tanzania’s Building Research Unit to utilize lower-cost building materials that can be produced

on site by Federation members.

4.1.2 Building with flexibility - the incremental house

For the Chamazi residents, their biggest challenge was always insufficient funding, even with
the least legit material such as inter-locking bricks containing only a tiny fraction of cement,
they couldn’t manage to complete most of the houses for each family. Idealy, a full house should
consist of two bedrooms, one living room, a kitchen, and a bathroom. The construction used to
be carried out in a way which views the house as a walled-compound with fixed functions and
all the walls were erected at the same progress, which usually leads to an unfinished house. For
those who were better off to construct a full house, they had been reportedly changing the usage
of the rooms, some of them needed only one bedroom, and turned the other bedroom into a
storage, some of them had such a big family, they turned the kitchen into a third bedroom, and
had a simple kitchen attached externally to the house, some of them simply didn’t that much
space at all, and the house was only partly occupied. Yet for the families owning a full house,
they were also in greater debt due to the cost of building a house was still to expensive for them.

These unexpected results during the user phase due to the rigidity in the design were reported to
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the architects by the Federation, which later inspired the proposal of a changed design concept
called the incremental house, a concept designed to spread the building costs over time while
allowing the house to have a flexible use at different stages.

The incremental building concept, by definition, is a process which does not build a house
all at once but adds components to a building plot only when it’s needed. Doing so allows the
Chamazi residents to build their house and live in it even when they didn’'t have all the funding
needed for a full house. Figure 4.2 is a floor plan of the existing houses in Chamazi, when prac-
ticing an incremental building approach, people build only one bedroom, the kitchen and the
bathroom, leaving the other bedroom and the living unbuilt. Each of the first built rooms can
be locked with a door. When more funding is available to finish the house, another bedroom
and a living room will be added to the plot, the doors to previously built rooms will be inside the
house itself and the house will then be accessed from the front door at the living room and the

back door at the kitchen (see Figure 4.3).

4.1.3 Analysis of building techniques used in Chamazi’s existing houses

In order to build an affordable house, the residents at Chamazi adopted a building technique
called the "inter-locking brick" technique. To produce a piece of inter-locking brick needed
for the construction of an incremental house, a mixture contains mostly sand and minimum
amount of cement and water is put into a mold, and pressed into shape, usually after one week
of curing, a brick is ready for use. A typical inter-locking brick (dimension: length-30cm, width-
15cm, height-10cm) contains two major functionalities known as the male connector-two pro-
trusions on the top, and the female connector-two dents at the bottom. There are two holes
connecting the protrusions and the dents which can reduce the weight as well as the material
needed for the brick. By stacking the inter-locking bricks in a manner like the normal bricks,
the male connector on top of each brick is connected to the female connector at the bottom of
another brick on top of it, creating a bond between these bricks solely out of gravity. After all
bricks are stacked, cement plastering will be applied to the inner face of the wall. With the bond
between the bricks and the cement plastering, a wall with normal bearing capacity is thus con-
structed. At openings on the wall where windows or doors will be added, a slightly different type

of inter-locking brick with a same dimension will be used to hold the steel reinforcement acting
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Figure 4.2: Floor plan of a full house which can be built incrementally

as a beam on top of the window or door. In places where a corner or a column is constructed, an
inter-locking which is half in its length and number of male/female connector is used to build
the shaped needed. A wooden frame is then added on top of the walls to support roofing tiles.
The roofing tiles used in an incremental house is made with a different mixture of sand, water,
minimum amount of cement, some coloring and some wood fiber to add to its waterproof ca-
pacity. The mixture is then forged in shape and after three weeks of curing, a piece of tile is ready
for use (Jiang (2013)).

The above mentioned building techniques used in existing buildings were quite simple, and

also had very prominent pros and cons:
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Figure 4.3: A partly built house in Chamazi, photo by: Margaret Ricke, 2011

Pros

* Cheaper to build: the inter-locking bricks can be manufactured manually using simple

machinery with fewer cement, no electricity was needed.

» Easier to construct: the inter-locking mechanism makes it easier to construct a house

compared to house constructed using normal bricks.

Cons

e Low durability: cured bricks are crisp and has a slightly lower bearing capacity compared
to normal bricks because of the low content of cement. Such bricks are prone to humidity

and weathering, and are not likely to be durable in the long run.
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Figure 4.4: From the left counter-clockwise: Special bricks used above windows and doors,
photo by: Qidi Jiang, 2013/Making of a typical inter-locking brick, photo by: Qidi Jiang,
2013/Making of a roofing tile, photo by: Margaret Ricke, 2011

* High overall cost: although it was cheaper to build with inter-locking bricks, the overall
cost was still considered too high for most Chamazi residents, and the high overall cost

was the main cause of Chamazi people’s seeking for an even economic building technique

that can serve the same purpose.
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4.1.4 The bottle house as a stronger solution

In view of the above listed pros and cons of the building techniques used in the incremental
house, it is clear that the incremental house has enabled the Chamazi residents to achieve their
housing goal over a long period of time. However, such solution was only considered an ex-
pediency to work around the core problem of high building cost without solving it, and the
inter-locking brick technique also had several disadvantages such as lower building quality, and
high overall cost. In order to design a house which is truly cheap to build, and as strong as
one built with inter-locking bricks, a technique known as the "bottle wall technique" was in-
troduced to the Chamazi residents by a design group consisting an engineer, two architects, an
urban planer, a designer, and an economist. The group decided to promote the bottle wall tech-
nique in Chamazi. As the name suggests, the bottle wall technique makes use of bottles to build
a wall. Usually, plastic bottles such as mineral water bottles with a volume bigger than 500ml
(0.75L, 1L, 1.5L..,etc) can be used as bricks to construct a wall. And based on this new build-
ing technique as well as taking into consideration the concerns of the residents regarding local
context such as high temperature and humidity during rainy season, which called for greater
shading and better natural ventilation, a new floor plan was also developed by the design team
after close consultation with the Federation (See Figure 4.5).

The process of constructing a bottle wall is simple (also see Figure 4.6):

* Collect as many bottles as possible, they can have different volume, but a volume of 500ml
and above, otherwise the bottles would be too small to be stacked as bricks. Big amount

of sand or fine-grained soil should also be collected to fill the bottles.

* Fill the bottles with sand or fine-grained soil or the mixture of both, tamp the filled bottle
with a stick to make sure that it is fully and firmly filled. A properly filled water bottle

should feel just as hard and weigh just as heavy as a normal brick.

e Stack the bottles in a way similar to constructing a wall with bricks, make sure the bottles
are precisely aligned in a row. A bottle will tend to be pointing down at one side because
of the unbalanced weight in itself, elevate the lower side with some pebbles, make sure

that each bottle is horizontally place in its longitudinal direction so that more bottles can
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Figure 4.5: Floor plan of the new design, by Gabriel Kerschbaumer, 2013

be stacked on top of each layer of bottles without creating any horizontal displacement

between the top and bottle of the wall and thus hinder the bearing capacity of the wall.

* Take along and strong thread and make a knot around the neck of each bottle in the stack.
The knots can add to the bond between the bottles so that they won't ‘kick out’ on both
sides of the wall because of their own gravity. Also with this bond, the bottles will act like
anet and absorb force together. Imagine a mighty punch on a bottle wall without knots, it

might create a penetration, but with these knots, this is very unlikely to happen.

e Put cement plastering on both faces of the bottle wall, make sure that the wall gets entirely

covered by the plastering.

» After one week of curing, the bottle wall will develop enough bearing capacity for further
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construction of upper structure such as the roofing frame.

Figure 4.6: The experimental bottle wall constructed in Chamazi. The lower part of it, which was
completed one week earlier, was covered with cement plastering. Photo by: Qidi Jiang, 2013

4.1.5 Research on the engineering feasibility of bottle wall

Although the experimental bottle wall constructed in Chamazi displays a sound consistency in
its hardness after finishing, no upper structure was added to it, nor was it later connected to
other bottle walls or structures of any other kind. To prove its bearing capacity, more experi-
ments need to be conducted. The original idea was to build a same bottle wall within a labora-
tory context, and test its bearing capacity by exerting load/load combination to it. In view of the
process needed for collecting and filling bottles as well as constructing a wall for experiment,
which is a highly time consuming laboring, also given that in standard experimental procedure,
several same walls have to be tested in advance before obtaining a more persuasive results, the
idea of testing the bearing capacity of a bottle wall within laboratory is impractical in terms

of the time, labor and money requested. Therefore, me and my partner resorted to another
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approach-digitalized simulation using engineering software which is dedicated to purposes of
such kind. With the help of ANSYS, a professional engineering simulation software, me and my
partner started by assigning properties to virtual units, enabling them to have the same strength
such as compressive strength (the capacity to bearload) and shear strength (the resistance of not
to crack), by combining these units, we created a virtual bottle wall which will act and react just

like a real wall (see Figure 4.7).

Figure 4.7: A typical virtual bottle wall with thread. Dimensions: length - 3.6m, height - 2.5m

After a series of simulation (for more detailed analysis and results, please read the bottle wall

report in the appendices), the following observations were obtained:

e Empirically speaking, the maximum transverse deformation of 1 mm at the top will not
lead the wall, which was 2.5-meter high and not supported by other walls, to fall due to

strength failure or structural instability.

e The deformation-resistant capacity of the bottle wall was much better than that of the
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brick wall (0.595mm=43%x1.38mm). This phenomenon probably should be attributed to
the bottle wall’s thickness and the higher modulus of mortar used, though the modulus of

bottle entity is much less than that of the brick’s.

e The stress indexes of the block-wall seem prettier than that of the bottle wall, which can
be explained by the simplification that the concave and convex connection design and
their coarse interfaces are ignored and the fact that the vertical stress in bottle-wall trans-
fers through mortar to a great extent. As a result, when its defects are taken into consid-
eration, the block-wall constructed without cement layers shall see stress concentration

developed.

* From a general perspective of structure design, brick wall constructed without cement
layers bear much less capacity against tensile stress than those with cement layers though
rather thin. Under loads like strong wind, earthquake, or change in structural component,

block-wall houses are much more likely to fall.

To conclude, bottle wall has a higher load bearing capacity than brick wall, and is thus ad-

visable to use bottle wall to construct house in Chamazi.

4.1.6 The bottle house as a cheaper solution

To conduct the cost evaluation of constructing a house mainly using the bottle wall technique,
a cost list of a full house when it was built in 2011 was utilized. Then a text spreadsheet was
generated in the software of MathCAD, where all variables can be defined and changed later,
and the result will automatically update itself accordingly. The cost estimation about the new
design was based on the latest price of material in Tanzania in 2013. Given the high inflation
rate in Tanzania, the price for material had gone up about 30% between 2011 and 2013. So, the
actual cost for a full house in 2013 would be 1.3 times of the price in 2011. With that in mind,
a comparison was carried out between the cost of the new design and that of the existing full
house, and the calculation indicated that the new design of house constructed mainly using
bottle wall, which had a bigger plot area and a bigger roof area but with almost the same floor
area, can save up to 20% of the total cost compared to the cost of a full house.

For more detailed cost estimation, please refer to the calculations in the appendices.
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4.1.7 Lesson learned from Project Chamazi

From a building design point of view, the project serves as a good example of rigorous engage-
ment of the stakeholders, especially the actual users (who are also the house owners). The initial
design, which was made solely for the purpose of sheltering, was expensive to build, and didn’t
take into consideration the possibility to change use in the future. Upon receiving these feed-
backs, the architect introduced the "building with flexibility" concept by proposing the solution
of incremental housing, allowing house owners to take up the building plot with their own pri-
ority of usage, and complete the construction at their own pace, which would in return, alleviate
the financial burden of the families. The bottle house solution, which was later proposed by an-
other design team, took the initiative even further by strategically aiming at both improving the
comfortability and durability of the house and most important of all, bringing down the con-
struction cost (see Figure 4.8), turning the house from a pricey dream to an attainable and de-
cent property, the backbone of a prospective community. Although the two modifications made
to the design was done by different person/organization with different focus and approach, the
guiding principle remained consistent: none of the above radical changes would’ve been made
possible unless user phase experience from a real estate/ FM perspective was acknowledged and
utilized.

In an even broader sense of social development, the research on the engineering feasibility
of bottle wall, which was based on scientific simulation, was a precise result and can guaran-
tee a properly built bottle house to be stronger and more durable than a normal brick house.
Since it is more durable, it is also environmentally and economically beneficial in the long run.
The research on the economic feasibility of bottle house on the other hand, was based on cost
estimation, and proved a considerable reduce in cost, but given the fluctuation in material and
labor price caused by the inflation in Tanzania, it could not guarantee a 20% saving in building
cost. The bottle house, which was built mainly with bottle wall, had a higher bearing capacity as
well as a lower building cost compared to a full house built with inter-locking bricks. Since plas-
tic water bottles are non-degradable, easy to collect and cheap to use. By constructing a bottle
house, people can explore new building techniques together while saving money and reuse re-
source, the benefit of bottle house construction is socially positive, economically feasible, and

environmentally friendly (Jiang (2013)).
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Figure 4.8: The work flow within and between the two objectives of Project Chamazi - building

better house, costing less money (Jiang (2013))

4.2 Case Study - Syracuse: Rethinking Building Design

4.2.1 SyracuseCoE in a nutshell

Located in downtown Syracuse at Upstate New York, USA, the Syracuse Center of Excellence

(SyracuseCoE) is a federation of more than 200 businesses and institutions that collaborate

on sustainable innovations to improve built and urban environments (see Figure 4.9). Syra-

cuseCoE partners work on research, development and educational projects relating to clean

and renewable energy, indoor environmental quality and water resources (SyracuseUniversity

(2009)). SyracuseCoE opened its Headquarters, with a dedication ceremony on March 5, 2010.

The HQ’s award-winning design is meant to showcase and create a test bed for innovations in
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environmental and energy systems. This LEED-Platinum has both laboratory and office space
for research and business collaborations on innovative products and services in SyracuseCoE’s

core focus areas of clean and renewable energy, indoor environmental quality, and water re-

sources (SyracuseCoE (2015)).

Figure 4.9: The Syracuse Center of Excellence (SyracuseCoE), photo by: Ivan Baan. Housing
5,110 square metres of lab and classroom space, the Center of Excellence provides state-of-the-
art lab space for pioneering research. The structure’s green innovations provide these amenities
with low environmental impact. To cut electricity use, a narrow building profile maximizes the
penetration of daylight; windows employ glazing and automated microblinds to reduce glare;
and lighting is activated by sensors in response to need. Rainwater reclamation supplies all toi-
lets and the irrigation of the green roof. Radiant heating and cooling, natural ventilation and
a geothermal borefield of 49 wells reduce the climate control’s demand on the grid. Rapidly
renewable materials were used wherever possible, including in the insulation. Even its site —
formerly a brownfield contaminated with chromium, oil, and asbestos — has been renewed to
represent the revitalization of an entire neighbourhood, a dash of green in an area once in dan-
ger of falling off the map. (Dick-Agnew (2011))

4.2.2 Motivation for redesign

SyracuseCoE’s excellence is not only present in its outstanding sustainable features and unique

architectural forms, but also in its own design process, which showcases a good example of an
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unconventional work flow of integrated design. For example, the users expressed their wish
to have the building’s cooling and heating system powered by renewable energy, and was sug-
gested by the mechanical engineer to adopt the heat pump solution. Normally the HVAC equip-
ments are installed after the completion of the structure. Yet, in the SyracuseCoE case, its cus-
tomized heat pump would end up too big to be moved into the basement and installed after the
structure is finished unless part of the structure was demolished to make way for the heat pump-
if the design team followed a traditional design process. Luckily, the design team adopted the
integrated design process from the very beginning, the mechanical engineer foresaw this prob-
lem and communicated the problem to the architect and structural engineer. And as a result,
during the construction, the heat pump was moved in before the basement was capped with
ground floor, thus shortened the construction period, lowered the construction cost, and most
important of all, reduced waste and environmental impact.

To have a qualitative and quantitative understanding, as well as gaining a hands-on expe-
rience on the integrated design process, a virtual design studio (VDS) was carried out between
Syracuse University’s school of Architecture (SOA), L.C Smith College of Engineering and Com-
puter Science and Nanjing University’s School of Architecture and Urban Planning during the
19th and 30th of May, 2014 at Nanjing University in Nanjing, China. The VDS is a software
platform currently under development at Syracuse University in support of an integrated, co-
ordinated and optimized design of buildings and their energy and environmental systems. The
project procurement, supported by the US Department of Energy, is intended to assist collabo-
rating architects, engineers and project management team members throughout from the early
phases to the detailed building design development. The platform helps to facilitate the work
flow and the processing of information in combination with appropriate, task based perfor-

mance simulation tools (Zhang (2014)).

4.2.3 Redesigning SyracuseCoE through an integrative process

Five students (an architect, a civil engineer, a structural engineer, a mechanical engineer, and a
system engineer) were assigned the group assignment of redesigning the SyracuseCoE in a way
which they believed would even better fit SyracuseCoE'’s designated function and highlight its

green initiatives, which means that they had to come up with a design not only would keep the
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existing sustainable features of the building, but also create new features that were expected add
to the user experience of the building.
After recapping the status quo of the existing SyracuseCoE, the design team started a char-

rette to identify the major design objectives to be achieved in the delivery:

* Create more interactive space
* Maximum south-facing daylighting in winter
* Enable the building to have accessible roof top with strong visual impact from highway

e Optimize natural ventilation

And based on these above objectives, the design team brainstormed around the follow-
ing categories of metrics which were considered most relevant (detailed metrics not presented

here):

Solar orientation

Natural ventilation

Noise insulation

* Programming and zoning

Safety

When it comes to division of work, the design team was well aware that dividing work load
based on nature of task would be practicing the old design process all over again, during which
work is passed on linearly without having too much communication in between. Therefore,
according to each team member’s strength of knowledge, the design team decided to work in a
more interactive manner:

The architect would still be the person overseeing the project, but not making the calls. Site
analysis was constantly carried out between the architect and mechanical engineer and building
technologist regarding issues related to mechanical systems and climate research, which would

yield the rationale for interior zoning. The building technologist would also propose suggested
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construction material, which would have to be approved by the structural engineer. All the de-
cisions made were then fed to the civil engineer in terms of simulation diagrams and tables of
calculation. The civil engineer would then assist the architect in reinterpreting all the technical-
ities into architectural drawings and diagrams which were more rich in information yet easier to
understand by anyone without a profound engineering knowledge. Figure 4.10 below illustrates

the work flow within the design team:

Architect (CeeCee)

s » Construction site analysis
;--» Formand mass

Exterior facade

Interior zoning |
A

v

Structure Engineer (Weixiang) 4____i__?tr_L{Qt_L{f_e_Ej_e_S_in ______________________________ N Civil Engineer (Qidi)
! Material selection
A

A

v :
Building Technologist (Daniel) " ;

Mechanical systems
Climate research

Mechanical Engineer (Peter) oot '
Building simulations

Figure 4.10: Work Flow within the Design Team (Jiang et al. (2014))

This unconventional work flow created a very positive team dynamic among all the members
that each design proposal was iterated within the overall design process and examined by each
team member in terms of feasibility and efficiency. For example, the architect wanted to make
sure the SyracuseCoE can be part of the winter landscape since the city of Syracuse is so famous

for its massive snowfall during winter. Inspired by Bjarke Ingels’ Amager Resource Center in
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Copenhagen, the civil engineer suggested modifying the building’s green roof into a downhill
skiing slope (see Figure 4.11).

Views from highway

BEFCORE AFTER

Figure 4.11: From left to right: the "before" and "after" street view of SyracuseCoE, the building’s
architectural form was modified in a way as such its green roof will be more accessible to the
public during all seasons. (Jiang et al. (2014))

Upon reaching the agreement by all team members on the skiing slope idea, the civil en-
gineer consulted with the structural engineer to come up with the structural plan for the the
length, width, and angle of the slope of the green roof, as well as the positioning of structural
elements such as columns, beams, and floor panels (see Figure 4.12).

Up to this point, the building technologist would also have to communicate with the struc-
tural engineer regarding the orientation of different parts of the building and the material of its
different facades so that the building would reach the highest possible level of natural venti-
lation, maximum natural lighting during winter, and minimum heat up in summer, structural
engineer would change some of the structural elements accordingly (see Figure 4.13).

All these adjustments with their respective reasoning were fed back to the architect, who
would then, in accordance with these adjustments, tweak around the volume, angles, and edges
of the building, and before it was finalized, the architect also had to check with the mechanical

engineer on the massing and zoning (see Figure 4.14) to see if the space was too harsh on the
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Figure 4.12: Structure partitioning of redesigned SyracuseCoE. Due to huge difference of self
weight and load in different parts of the building, which could cause uneven settlement in the
footings, as well as uneven stiffness, the whole structure was divided into four frames. (Jiang
etal. (2014))

Lighting Analysis

Figure 4.13: Simulation of sun path during winter on different floors of SyracuseCoE (Jiang et al.
(2014))

wiring and piping for the HVAC system, and make further changes where necessary.

4.2.4 Rethinking design through redesign

The above mentioned interactive team dynamic was triggered by an intention to meet the cri-
teria proposed by the users, namely to keep the existing sustainable features such as green roof

of the building while adding to the user experience with more innovative solutions. Then, this
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Figure 4.14: Massing and zoning of redesigned of SyracuseCoE: creating interactive space (Jiang
et al. (2014))

team dynamic gave rise to an iterative design process which further created two frameworks: an
intangible framework under which the team could communicate more efficiently and could in
turn help improve the iterative design process itself, thus speed up the design progress while re-
ducing wastes; a tangible framework which was evident in the design itself, allowing follow-ups
to be carried out more smoothly and easily since all initial design decisions made were already
carefully examined by all design team members. All the design decisions made would then be
fed back to the users in terms of enhanced user experience, which would trigger another cycle

of iterative design process (see Figure 4.15).

4.3 Case Study - Trondheim: Planning the Unplanned

4.3.1 Trondheim, and its building sector

As home to Norway’s best technical university - Norwegian University of Science and Technol-

ogy (NTNU), the Trondheim Municipality at Ser-Trondelag County of Middle Norway harbors
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Figure 4.15: The dynamic within the integrative design team and its interaction with the users

a lot of research institutions and companies. It is also Norway’s third most populous city (after
Oslo and Bergen). Due to this demographic characteristic, there is always a growing demand
for better education facilities such as schools, or working space such as office buildings. While
the former demand is catered by the public sector as Norway being a welfare state, the latter is
usually a spontaneous activity from the private sector. In this case study, interviews were given
to stakeholders from both public and private sector regarding their understanding and common
practice on user engagement during the early phase of building design. The questioning follows
a template as shown below:

About the organization

* Please introduce yourself. Who do you work for? What is your job responsibility?
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e Can you tell me more about (name of the organization)?

About the design process

* What would be a typical design process in the projects you've done?

* In which of the stages you described were users involved?

e How did the users involve the design process?

About user engagement

* Do you think it is important to involve the users during the design process?
* Do you think user experience is given enough attention by the designers?

* Would you like to talk about any specific example of user engagement? Like one of the

projects you did?

The answer to these questions yielded some very interesting points. Just like there is a fine
line between the for-profit/non-profit nature of private/public sector although they both highly
appreciate the value of human well being, their opinions towards accommodating all the user

needs inevitably differ, although they both try to deliver the best possible user experience.

4.3.2 User engagement in the public sector - Trondheim eiendom

Trondheim eiendom

The property division under Trondheim Municipality, also known as Trondheim eiendom in
Norwegian, is a government agency that takes care of all the activities related to real estate econ-
omy in the region, including but not limited to the proprietary, sharing, sectioning, limit adjust-
ment, taxation, mapping, concession and address assignment of properties (TrondheimEien-
dom (2013)). Trondheim eiendom has ownership for buildings such as schools, kindergartens,
health and welfare centers, health center, cultural and administrative buildings. The municipal

entities are tenants in Trondheim eiendom. In addition, Trondheim eiendom is responsible for
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approximately 4000 homes in private owned buildings, cooperatives, associations and founda-
tions . In total this amounts to 950,000 m? (TrondheimFEiendom (2014)). The unit is responsible

for:

Planning and execution of the daily management and operation of buildings owned by

the municipality

Planning and implementation of maintenance of municipal buildings

Planning and execution of cleaning services in municipal and leased buildings

Providing expertise in many disciplines through its faculty of building technology

Collection of rent from housing disposed by the municipality

Trondheim eiendom and local schools/kindergartens

As the designated planner of maintenance for local kindergartens, Mr. M (the interviewee so
demanded that he be anonymous in the documentary of this interview) is in charge of planning
and scheduling maintenance for local kindergartens, a practice similar to retrofitting in the FM
terminology but with a wider range of responsibility also including landscape architecture. His
job mostly deals with buildings in use, as the Norwegian building regulation demands a building
must undergo regular check up every four years. And all the buildings being checked that year
will be ranked on a list of priority for maintenance and upgrading depending on the condition
reported by the check up, buildings with least agreeable condition will be given highest prior-
ity while those with the best condition are the last ones receiving maintenance and upgrading,
which usually involve the building’s HVAC (heating, ventilation, air conditioning) system, and
automation system (for example, installation of sensors in the kindergartens to help the cen-
tral control unit remotely supervise and control the room temperature, making sure it is always
adjusted to the most comfortable temperature during occupancy).

For any maintenance and upgrading being planned, although it is common practice in Nor-
way that a stakeholder meeting (a meeting similar to the practice of Charrette introduced in

Chapter 2) be held for such work, only major modification requires such meeting, whereas for
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minor maintenance work such as changing of lamp a stakeholder meeting is not needed. For
any major upgrading, a total budget will be assigned by the city council to sustain the entire
project from the beginning of the planning phase throughout the entire design and building
process.

For a new public school or kindergarten to be built, the following procedures shall be per-
formed and different stakeholders are involved during different phases (based on working pro-

cedures described by the interviewee during the interview):

* The initial phase: the public express their demand for a new school/kindergarten, or the
adjustment of the boarder between two schools/kindergarten.

Stakeholders involved: the public, the city council, architect

* The programming phase: the permission to do so is then granted after the internal discus-
sion within the city council based on the financial situation, for there is always a constraint
on total budget for new projects. There is a same situation on the state level. Such process
also takes time, in which, typically if a project is approved, depending on the project size,
the actual planning phase will not start in another three or four years, again, has to be ac-
cording to the financial situation.

Stakeholders involved: users, the planner responsible for writing the budget proposal to

the city council, project owner, architects, the secondary users (such as employees).

* The design phase: the project is then planned in detail. During which time, pre-qualified
contractors are also presenting the meeting with their ideas of how the project should be
designed. Users are often not involved anymore during the planning phase. Cost is one
of the decisive factor in choosing a contractor, the qualification, financial situation of the
contractor are also taken into consideration. Normally, the factors concerning choosing
a contractor have the following weighing: Environmental impact 20%, comprehension of
project objective 20%, budget 60% (estimations/approximations by the interviewee based
on his previous project experience).

Stakeholders involved: project owner, architects, engineers, contractors

* Project phase: detailed planning, construction, project management.

Stakeholders involved: project owner, contractors, consultants, architects. Normally no
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users involved in this phase.

(After the last phase of the above mentioned procedures follows the operation phase...)

Note that the project owners are not owners to the building but the people who finance the
project. And apart from the stakeholders who are directly involved along the design process,
usually, the media is also following the entire process the whole time so as to keep the public
constantly updated about the project’s progress. So in a way, the media is actually the mostly

involved party, although it is not a direct stakeholder in the project.

Real cases

» User experience as complement to loss of convention
In one of the school relocation projects, the school being relocated used to have a concert
hall in the premises where students held their activities, a facility which is not normal to
see in every school, and the students all wanted to have the same concert hall in their
new school. Such demand was communicated to the architect at the early design phase
and as a result, a concert hall was included in the new school building, where not only the
students could hold their activities, but also the residents of local community could utilize

such facility at their convenience.

» User experience as correction for faulty prior knowledge
In one of the new kindergarten projects, the architect initially designed a child care room
at the center of a playroom, and placed the janitor’s storage at the rear of the child care
room - a design seen by the architect as an optimal use of space. Yet, such design was
seen as problematic by the kindergarten teachers for every time when a janitor needed his
cleaning equipment, he had to enter and walk through the child care room get it, which
could be quite disturbing to the child caring work. Luckily, such concern was commu-
nicated to the architect and the mistake was corrected in the later phase of design. In
the final solution, the janitor’s storage room was separated from the child care room and
placed right next to the entrance of the playroom. Such case serves as a perfect exam-
ple in which user experience plays an irreplaceable role in designing a genuinely efficient

space, for there is always subtle details which are easily neglectable but can fundamentally
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undermine the user friendliness of the space.

» User experience as inspiration for optimal design

Also in one of the kindergarten projects, the kindergarten was not so satisfied with the
spacial arrangement within the premises in which a small kitchen was inconveniently lo-
cated in the corridor and teachers from both play rooms needed to take detour to enter

the kitchen for cooking (see Figure 4.16, detailed drawing can be found in the appendices).
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Figure 4.16: The kindergarten’s original floorplan (Hol (2014))

So the kindergarten was asking the architect to design a new spatial arrangement in which
there would be one small kitchen in each side of the premises so that teachers from either
play room could stay in their own side of the building and cook in their own kitchen. Al-
though it was a demand proposed by the kindergarten as a client, the architect suspected
if it was the optimal solution by questioning the opportunity for communication and link-
age. The architect was convinced that two identical kitchens will not only hinder the effec-
tive use of space, but also discourage the communication from both sides. Therefore, the
architect decided to keep the one-kitchen design but relocated the kitchen to the center

of the floor plan, and made it into a big kitchen with two slide doors connecting each side
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(see Figure 4.17, detailed drawing can be found in the appendices). Such plan not only
made the kitchen more accessible by teachers from both play rooms, but also created a
social space during work break. Yet, if it was not for the original imperfect design with
passable user experience, the architect might not be inspired to come up with final and

optimal design.
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Figure 4.17: The optimal floorplan proposed by the architect (Hol (2014))

From a planner’s perspective on user engagement

When it comes to users’ influence over a project, it is believed that such influence is strongest
at the programming phase. However, users don't have that much saying later on in the process
simply because they are not given enough opportunities to involve that much, due to a concern
that the budget will keep rising and exceed its limit thanks to the endless new demands com-
ing from them. Nonetheless, users are, as believed by the interviewee as a planner to be more

involved in projects from public sector than private sector, since they all have diverse demand,
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and a non-profit public project is meant to accommodate those demands, whereas in a private
project, the demands are less diverse under the for-profit guideline.

To sum up, in public projects featured by the construction or major upgrading of schools or
kindergartens, user experience is always given enough attention, it has tremendous influence
during the early design phase and is playing an important role in shaping the eventual output
of the project, in spite of the fact that users are not involved that much in the later phases of the
design process.

"It's important to remember that the users are the ones we are building for, on the other
hand, they are not the ones who are qualified to perform the building projects. The current
approach of engaging the users is doing a good job, actually, sometimes I'm afraid they are in-

volving too much."

4.3.3 User engagement in the private sector - Rambell

Ramboll

Founded in Copenhagen of Denmark in 1945, Rambell Group A/S (also known as just "Ram-
bell") is a consulting engineering group with worldwide operations. In 2003 the company merged
with Swedish Scandiaconsult making it the largest consulting engineering business in the Nordics
(Ramboll (2008)). Rambell is also expanding its operation in Norway, as a result, the planning
of a new office building with an area of 5000 m? in Trondheim for 250 employees is underway,
the building is expected to be finished in 2017 or 2018. As a senior procurement manager from
Ramboell, Mr. Hallgrim Hjelmbrekke, the interviewee, was using this case as an example of Ram-
bell’s design philosophy, which in a way reflects the private sector’s opinion and practice on
user engagement. However, due to commercial confidentiality, detailed information regarding
the new Ramboll premises such as design process or architectural drawings was not provided

during this interview.

Rambell’s new office building in Trondheim

As an engineering consultancy with a strong architecture division, Rambell is designing its new

company premises in Trondheim without owning it, when the construction is finished, the
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company will start its first leasing contract for this premises with the property company for
the coming 10 years. During the design stage, requirement framework for the new space is
made, together with architectural drawings for preferred space arrangement, are all part of an
"overview". The overview phase is considered the most important phase in the design process,
for many decisions made in this phase will directly influence the company’s productivity during
occupancy in the long run. The overview is then handed over to the property company, who will
deliver the construction.

At the moment, Rambwoll is proposing the requirement of a new space in both quality (hu-
man well-being inside the building) and quantity (cost). The new space will have an area of
5000 m? for 250 employees with the flexibility of accommodating up to 310 employees, as the
intended range of average assigned area per person is between 15 m? and 20 m?. The require-
ment for flexibility should not only present in the area, but also in spatial arrangement. Nor-
mally Ramboll employees work in team, but sometimes also work alone on specific aspect of
a project. Such flexibility in spatial arrangement of switching between group space and per-
sonal space also helps the company in the long run, since Rambgll will rent this space for the
next 10 years, by which time many current old employees will be replaced by young ones who
like to work together. Rambell will rent this new space to increase its competence in attracting
more good employees as well as helping with its own branding. It is believed that the new space
will help employees better communicate inside an interdisciplinary team with its ‘landscape’
(open space) arrangement. A property company is hence responsible for delivering the optimal
solution in space so that future Rambegll employees will have a higher productivity.

Ramboll is very cautious about all the decisions made for the future that each requirement
is validated in terms of its benefit before it can be formally proposed. For example, among other
requirements from Ramboll regarding the new space there is building-integrated ICT solution.
The ICT solution in the new space is supposed to facilitate the efficient communication not only
within the space but also remotely with other Rambell operations globally. The benefit of having
a good ICT solution is already prominent today as 30% of the design work for the new space is

actually carried out in India, which contributes to a big saving in budget.
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Rambell’s perspective on user engagement

Since Rambuoll is both the user and the tenant of the space, it thinks the users are the most im-
portant stakeholders to be engaged in the early design phase (sometimes also referred to as the
strategic design phase). It is believed that early decision based on user experience will not only
lead to a flexible solution, but also a more affordable one: if flexibility is not taken into consid-
eration today, it will cost more money to make any change in the future. For example, there
might be more employees 10 years from now, so the space should be able to accommodate from
250 people to up to 310 people. Rambgll reserves the option to demand the property company
to provide more space with the same standard to those additional employees. However, if the
number of total employees decrease in the future, the total area will not change unless otherwise
negotiated. The new space will have an environment level of Excellent from BREEAM (Building
Research Establishment Environmental Assessment Methodology), as required by Rambgll and
factors such as air quality, lighting, canteen, bicycle storage, traffic connections are all consid-
ered important. Property companies paying more attention to the future stakeholders will have
a better chance in winning the bid for providing Rambell with the space.

In conclusion, Rambagll believes that the users are the only people who can make ROI (return
of investment) for itself, the better the space can support users’ work, the better it is for Ram-
bell’s own interests. Such belief resonates with the PRUB (Project-Result-Use-Benefit) model
proposed by Driver (2014) in which user experience goes backward and influences the plan-
ning of the entire project, which further results in the implementation of project that in turn
benefits the user (see Figure 4.18). Ramboll’s emphasis on flexibility is a demonstration of rig-
orous engagement of future users based on present observation since they are not currently
approachable. Without such engagement, the project delivery will become an agreement be-
tween the supplier and the owner, leaving the users in a half-way excluded/partly included po-
sition (Hjelmbrekke (2015)). Although Rambgll is convinced that it has given enough attention
to users, it is still trying to do even better, for it also believes that as a user, it is never too much

to ask, and a company’s ability to answer it will make a very competitive business.
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Figure 4.18: PRUB defines the core function of every organization as it interfaces with its cus-
tomers and communities (Driver (2014))

4.4 Discussion

For each case study, the following observations are gained:

e Case Dar es Salaam: user engagement in sustainable urban development can create solu-

tions which are socially positive, economically feasible, and environmentally friendly.

 Case Syracuse: user engagement can not only help optimize the final output, but also help

reorganize the design team in achieving a much higher level of synergy.

* Case Trondheim: it might be shocking as a fact that the importance of user engagement
is not always considered underappreciated, some sectors actually think quite the opposite

at some point, while admitting its irreplaceable significance.

If all of the 3 cases studied in this chapter are compared in terms of social context, economy,
project objectives, they will become more than uncomparable with each other. However, if
these cases are generalized in terms of level of flexibility allowed in the project, level of user
dominance, level of designer dominance, as well as time span of the project, some inner pattern
can be discovered:

Assume there is a quantified measurement for the level of user dominance, designer dom-

inance, and flexibility of project, and set the values to be 0-0.5 (low), 0.5-1.0 (medium), 1.0-2.0
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(high), all 3 cases can be concluded in Table 4.1 below:

Flexibility User dominance | Designer dominance
DAR 1 0.5 2
SYR 0.5 2 0.5
TRD 2 1 1

Table 4.1: Level of flexibility/user dominance/designer dominance on different projects done in
Dar es Salaam (DAR), Syracuse (SYR), and Trondheim (TRD)

If Table 4.1 is further converted into a radar chart (see Figure 4.19), three different triangles
drawn with different colored lines can be observed, each representing one case study. Now con-
sider the area of each triangle as the time span of project, it is not hard to tell that the time
span in an order of long to short would be: TRD>DAR>SYR. Such result gained from the radar
chart matches perfectly with the reality, where the projects discussed in case Trondheim will
most likely span over 4 years, whereas case Dar es Salaam and case Syracuse’s time span is 2
years, and less than 1 year, respectively. A possible explanation to this finding could be that the
relation between user dominance and designer dominance is usually (if not always) mutually
exclusive. In case Syracuse, the user dominance level was high, and the designer dominance
level was low, the user had a very clear goal of what to be achieved in the project, thus led to
a low level of flexibility, with that limited uncertainty, the time needed to complete the project
was short. In case Dar es Salaam, the users had a need, but were not exactly sure about what
they wanted, thus creating a medium level of flexibility while maintaining limited influence over
the project as a whole, as a result, the designers had to take a strong lead in the project, and the
time span of the project was reasonably long. In case Trondheim, both sides of the users and
designers seemed to have reached a delicate balance, they both had a good but not dominant
saying in the project, both knew what to expect/deliver, and the level of flexibility was also quite

high. Given these factors, a project span of over 4 years seemed to be time well spent.
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Flexiblity

—% User dominance

Designer dominance

-+ DAR = SYR - TRD

Figure 4.19: Level of flexibility/user dominance/designer dominance on different projects done
in Dar es Salaam (DAR), Syracuse (SYR), and Trondheim (TRD)



Chapter 5

Conclusion

5.1 Talking cycles

From the scope of research introduced in Chapter 1 (see fig. 1.3), to the feedback (see fig. 3.1)
and the feed forward model (see fig. 3.3) discussed in Chapter 3, and the dynamic within in-
tegrative design team and its interaction with the users (see fig. 4.15) described in Chapter 4,
this entire thesis talks about the concept of different cycles and the importance of establishing
these cycles. Although the topic of the thesis is more about user experience’s influence over
early phase building design, the purpose of having such topic is to find out design principles
which can make buildings more sustainable, and it is at the core of being sustainable that things
(including both physical materials, and intangible knowledge or information), while constantly
absorbing new elements from the outside, circulate in a cycle. By influencing building design
at the early stage with user experience from the later stages of a building’s life cycle, the gap
between a building’s early stage and later stage is bridged (see also fig. 5.1), thus a life cycle is
truly closed, opening up opportunities in the sustainable design, implementation, operation,
and demolishing/reusing of a building. In nature adapted cyclical developments in the sense
of a metamorphosis are quite common. Creatures that have to undergo a metamorphosis, for
example, distinguish themselves at every stage by adjusting optimally to their environment. As
the general conditions in our society, and consequently for our architectural surroundings, are
constantly changing, our buildings must be convertible and adaptable to a certain extent. Only

when this is the case does an architectural statement contain potential in the sustainability
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sense, which makes it possible for the building to progress into a new life cycle, after finish-
ing the intended life cycle, without the total loss of the energy previously put into it (Petzinka

and Lenz (2008)).

Ambition level
Current and future

regquirements

Building possibilities:

Technical Sustainable considerations:
Adaptability ) Closing Economy
Usability ! the gap ¢ Social
Energy Environmental

Indoor climate

n

Practical level

technical upgrade

|

Existing building

not meeting necessary

regquirements

Figure 5.1: The aim of sustainable refurbishment is to close the gap between old buildings con-
dition and new building requirements with a sustainable approach. NordicInnovation (2015)

In one of the unpublished work by NordicInnovation (2015) on sustainable refurbishment, a
life cycle spiral of building was proposed, in which a building’s life cycle is generalized into the

following 6 steps (each corresponding to one number in fig. 5.2):

e Strategic decision: Sustainable refurbishment or only energy upgrading
 Evaluation of the building

* Planning and execution of sustainable demolition
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* Planning and execution of sustainable rebuild
* Commissioning: hand-over and start of building

* In use evaluation of sustainability

Figure 5.2: Life cycle spiral with 6 steps in each cycle (NordicInnovation (2015))

In fig. 5.2, it is assumed that the chronicle time line is denoted by the X-axis (horizontal),
and the building’s physical condition is denoted by the Y-axis (vertical). It can be observed that
a building’s physical soundness decreases with time almost linearly (note the abrupt rise on the
straight line, which is cuased by generic maintenance during the first life cycle), yet at some
point, when evaluation and refurbishment get involved, the tide is turned, upon the implemen-
tation of sustainable refurbishment, the building’s condition is improved dramatically (in some
cases even better than the condition when it’s initially completed), the building will continue its
service life, or in other words, enter another life cycle instead of being demolished. Such model
describes an ideal refurbishing process and provides food for thoughts which inspires the study
on locating the spot (also known as the leverage point) on the curve where a minimum input will
induce the maximum change. And judging from the curve, the best spot is within the strategic

decision stage, namely the early design phase.
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5.2 Stimulating stakeholders

The survey documented in Chapter 3 suggests an inconsistency in many building users’ per-
ception about building, on one hand, they think it is good for a building to have a sustainable
profile in terms of efficient waste management, use of recycled material and so on, on the other
had, they care less about the energy efficiency of the building and the GHG emission during
the building’s life cycle. In some other cases, such as the pilot study Quinta Monroy in Chapter
2, and the case study of Project Chamazi in Chapter 4 all indicate that stakeholders, especially
users, can help develop sustainable building projects even under less favorable conditions - as
long as they are motivated and believe that what they are doing is not solely out of a good cause
such as sustainability, but also for their own good. When it comes to sustainability in the build-
ing sector, no goal can be achieved without motivating the stakeholders. Technical innovation
alone, as argued by Plessis and Wallbaum (2010), has never been insufficient in keeping up with
the demand of sustainability, while motivating the stakeholders to adopt these solutions on the
other hand, is another story. The cause to such contradiction is complicated. The building
sector for instance, has particularly diverse motives among various stakeholders, a network of
interests based on a highly complex system which involves delicate process in design and con-
struction. Such system is, though not intentionally by design, subject to retardation, or even
resistance in accepting any radical but meaningful change. Many of the quantitative design
metrics used today, which come as either carrots (subsidies, medals...) or sticks (taxes, fines...),
are merely regulatory tools doing nothing better than containing the existing problems. Such
tools, as described by Meadows and Wright (2009), are the least effective leverage points in a
complex system. Changing the stakeholders’ worldview, on the contrary, could be the most ef-
fective leverage points, and a genuinely sustainable solution. To do that, the building sector
itself will have to go through fundamental change in the recognition of some of its “common

sense”:

e First, a new value system has to be established, which requires the incentives that expand
the notion of enlightened self-interest from the individual to the individual as part of the

whole world that is shaped by all the interconnected and interdependent systems.

* Secondly, empowering the stakeholders who are of vital importance, yet often underrepre-
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sented (such as occupants) compare to other stakeholders (such as developers, architects)

Setting up the right value system and stimulating all the stakeholders by aligning the build-
ing’s function with the users’ core value will create the internal drive that continuously propel
the building sector to self-organize and evolve. Take office building for example, in the model
for identifying the added value of CREM, Lindholm et al. (2008) proposed 7 strategies (increase
value of assets, promote marketing and sale, increase innovation, increase employee satisfac-
tion, increase productivity, increase flexibility, reduce cost) that fall into the two categories of
profitability growth and revenue growth, which eventually help to maximize wealth of share-
holders. This can be viewed as a classical model which still largely focuses on the economical
interests of shareholders. The model proposed by Jensen et al. (2013) on the other hand, al-
legedly to focus on the same core business value of maximizing wealth of shareholders, but in a
more constructive way, which is from a view point more detached from business - by focusing
on green FM (Facilities Management) influence. In this model, priorities are given to sustain-
able factors such as lower risks related to real estate, better indoor environmental conditions,
less energy consumption/carbon footprints, and longer service life of buildings.

If the first model was to be adopted to an office building, there will hardly be anything sus-
tainable about the building except for a good business for the company. However, the second
model cannot be fully adopted either as users fear that implementing such model will only ben-
efit the environment at the cost of reduced benefit for the company. In this case, the best way
to motivate the users is to come up with an intermediate model that combines the two, namely,
one that aligns the sustainability goal of the building with the core interests of the users, or in
other words, one that adds value to the building, so that the users will practice a sustainable FM

spontaneously (see fig. 5.3).

5.3 A Difficult Relationship

The relationship between building design and sustainability is never as easy as it seems to be.
Imagine what kind of a plan would truly succeed, if the people making the plan is having doubt
about it? Designing and building sustainable buildings nowadays seems trendy, yet neither the

architects nor the public are genuinely enthusiastic about it. Peter Eisenman once said: "To talk
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Figure 5.3: Added value of CREM. Jiang (2014)

to me about sustainability is like talking to me about giving birth. Am I against giving birth?
No. But would I like to spend my time doing it? Not really. I'd rather go to a baseball game"

(Hawthorne (2002)). If this entire thesis talks about how important it is to influence the early
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phase of building design and how to do it in a rather rational and objective manner, the very last
paragraph might have just broken the sugar coating of the message by bringing up the harsh
reality against all the wishful thinking, since even architects don’t care that much. But luckily,
this also transcends the topic by proving that user experience’s influence on the early phase of
building design should not only be a technical intervention, but also the catalyst to a culture

that is reluctant to change.
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Appendix A

Acronyms & Explanations

AOS average length of stay
BCO British Council for Offices
BIM building information modelling

BREEAM Building Research Establishment

Environmental Assessment Methodol-

ogy
BSC balanced score card

CASBEE Comprehensive Assessment System

for Built Environment Efficiency
CCI The Center for Community Initiatives
CREM corporate real estate management
EBD experience-based design
EBCD experience-based co-design
FM facilities management

GC general contractor

GHG green house gas

GJTA global job task analysis

HAI hospital acquired infection

IFMA International Facility Management As-

sociation

IPD integrative project delivery

HVAC heating, ventilation, air conditioning

HR human resource

KPIs key performance indicators

LCA life cycle assessment

LCC life cycle cost

LEED Leadership in Energy and Environmen-

tal Design

MEP mechanical, electrical, and plumbing
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Muda a Japanese word meaning "futility; use-
lessness; idleness; superfluity; waste;
wastage; wastefulness", and is a key con-
cept in the Toyota Production System

(TPS)

NTNU acronym for Norwegian University
of Science and Technology (Norges

teknisk-naturvitenskapelige universitet)
PFI private finance initiative
POE post occupancy evaluation
REC real estate and construction

RFI request for information
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ROI return of investment
SIA sustainable impact assessment
SURE sustainable refurbishment

SyracuseCoE the Syracuse Center of Excel-

lence

The Federation the Tanzania Urban Poor Fed-

eration
TPS the Toyota Production System
UNEP United Nations Environment Program
UNFPA United Nations Population Fund

VDS virtual design studio
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B.4 Major Questions from Project OSCAR Survey (original)

110



111

APPENDIX B. ADDITIONAL INFORMATION

Key Resources

B
YT ———
e

Customer Segments

L

Cost Structure

o buries modd?

Figure B.1: Osterwalder Business Canvas
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Figure B.2: LEED v4 and Its Connection with USGBC and GBCI
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Different Rating Systems within LEED v4 and the Scoring Scheme under Each Category

Category Integrative |0 LT E : ainab ., | water 2 Material & Indoor Smart Location | Neighborhood Green Regional
Rating System Process Transportation 3 Efficiency CH Resources | Environmental ERENTERTS Pattern & Design [SGTEETIEHTE Priority
Quality & Buildings

New Construction. & b N/A N/A N/A 6 4 110

Major renovation
Core & Shell i 20 il il 33 14 10 N/A N/A N/A 6 4 110
Schools i 15 12 12 31 13 16 N/A N/A N/A 6 4 110
i 16 10 12 33 13 15 N/A N/A N/A 6 4 110
Data Centers i 16 10 11 33 13 16 N/A N/A N/A 6 4 110
i 16 10 it 33 13 16 N/A N/A N/A [3 4 110
Hospitality & 16 10 il 33 13 16 N/A N/A N/A [3 4 110
Healthcare 1 9 9 11 35 19 16 N/A N/A N/A 3 4 110
Interior Design 2 18 N/A 12 38 13 17 N/A N/A N/A 6 4 110
and Construction € 2 18 N/A 12 38 14 16 N/A N/A N/A 6 4 110
Hospitality 2 18 N/A 12 38 13 17 N/A N/A N/A 3 4 110
N/A 15 10 12 38 8 17 N/A N/A N/A [3 4 110
Schools N/A 15 10 12 38 8 17 N/A N/A N/A 6 4 110
N/A 15 10 12 38 8 17 N/A N/A N/A 6 4 110
Data Centers N/A 15 10 12 38 8 17 N/A N/A N/A 6 4 110
Hospitality N/A 15 10 12 38 8 17 N/A N/A N/A [ 4 110
N/A 15 10 12 38 8 17 N/A N/A N/A 6 4 110
Neighborhood Plan N/A N/A N/A N/A N/A N/A N/A 28 41 31 [ 4 110
Development Built Project N/A N/A N/A N/A N/A N/A N/A 28 41 31 6 4 110
Homes & Multifamily 2 15 7 12 38 10 16 N/A N/A N/A 6 4 110

Lowrise

Multifamily Midrise 2 15 7 12 37 g 18 N/A N/A N/A [ 4 110

Relationship between final score and certification:
40-49: LEED Certified; 50-59: LEED Silver; 60-79: LEED Gold; >80: LEED Platinum

Different Rating Systems within LEED v4 and the Scoring Scheme under Each Cate-

Figure B.3
gory
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1. Hvem eier den virksomheten du er ansatt i?

Kommunal eller fylkeskommunal
- enhet/etat
Offentlig heleidet (f.eks
KF, FKF, HF, AS)
Privat foretak (AS, ENK,
sy

[0 Statlig myndighet

Figure B.4:
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2. Kjenn

I Kvinne
.~ Mann

Figure B.5:
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4. Hva er din utdannelsesbakgrunn?

Figure B.6:

- gtltektfagllg | estetiske
[ Finans / investering / jus
Ingenigrfaglig / tekniske
- fag / miljgfag
[ Markedsfering og kommunikasjon
= fSamfunnswterl humanistiske
ag
@konomi, organisasjon og
- ledelse
Il Annet (skriv inn hva)

116
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5. Hva er din hovedrolle i forhold til bygg- og eiendomsprosjekter?

Figure B.7:

[ Arkitekt
[ Bygg- og eiendomsforvalter
[ Eiendomsbesitter/grunneier/byggherre/eier
! Eiendomsmegler
[ Entreprengr
[ Forsknings-/ utdanningsinstitusjon
[ Investor/prosjektutvikler
[0 Leietaker/bruker
[0 Leietakerradgiver
Leverandgr av byggevarer
og tekniske installasjoner
Leverander av tjenester innen
FM (intern/ekstern)
[ Radgivende ingenigr
I Tilsynsmyndiget
Il Annet (Skriv inn hva)
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6. Hvilken fase(r) jobber du hovedsakelig i?

W Driftsfasen/FDV
Gjennomfgringsfasen byggeprosjekt
[ Portefgljestyring
[0 Tidligfase/prosjektutvikling
Annet (skriv inn hva)

54,8%

Figure B.8:
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7. Hvilke(n) av bygningstypene/-segmentene listet opp under ensker du a basere svarene dine pa?

Figure B.9:

W Bolig
[ Fengsel
| Grunnskole
[0 Heyskole/ Universitet
[0 Idrett
[0 Kontor/forretning
[ Kultur
Omsorgsbygg
[0 Sykehus
Il Annet (Skriv inn hva)

119
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8. | sperreundersekelsens del 1 vil vi ta for oss i hvor stor grad ulike aspekter er vektlagt ved
planlegging av nye bygninger/eiendommer eller ved inngaelse av nye leieavtaler.

[ Bruker
Eier

72.4%

Figure B.10:
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9. | hvor stor grad har falgende aspekter vart vektlagt?

0 20 40 60 80 100

Byggets skonomiske levetid (naverdi av kontantstram)

Effekt pa kjernevirksomheten (arealbruk,
logistikk, utforming arbeidsplasser)

Energikostnader

Investeringskostnader (bygge-/anskaffelseskostnader)

Kostnadseffektive servicetjenester (f.eks.

post, sentralbord, kantine og sikkerh... 1%
Kostnadseffektivt renhold

Livslgpskostnader/LCC (ved alternativvurderinger,
konsekvens av investering)

Markedsverdi ved avhending/salg

Totalkostnader kroner per arbeidsplass i driftsperioden

Yield (tilbakebetalingstid, forventet
avkastning pa investert kapital)

@konomisk risiko (finansiering og markedssituasjon)

0 20 40 60 80 100

[ Ingen vekt Viss vekt [ Stor vekt [ Veldig stor vekt Vet ikke / Ikke relevant

Figure B.11:
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10. | hvor stor grad har felgende aspekter vart vektlagt?

0 20 40 60 80 100

Arbeidsplassutforming som

5
muliggjer fleksible arbeidsformer 24,2%

|
31,4%
!
31,6%
|

Arealer tilrettelagt for formelle og uformelle mater

Bidrar til stolthet (gjenspeiling av
organisasjonens kulturelle verdier, profile...

Brukermedvirkning 20,7%
Eierstyring 26,‘1“‘/.:
Eksterigrmessig, arkitektonisk kvalitet (inkl. uterom) 28,4‘;6

3‘6,7%
28,6“%

Individuell styringsmulighet av
solskjerming, belysning temperatur og luft
Interigrmessige kvaliteter som

fremmer trivsel og ryddighet ‘

30,7%

|
26,4%
\

Orienterbarhet (intuitiv veifinning, skilting)

Sikkerhet og trygghet mot ugnskede
hendelser (safety and security)
Tilrettelegging for fysisk aktivitet/trening

0,
(trimrom sammen med garderober) Yie

0 20 40 60 80 100

[ Ingen vekt Viss vekt [ Stor vekt [ Veldig stor vekt Vet ikke / Ikke relevant

Figure B.12:
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11. 1 hvor stor grad har felgende aspekter vart vektlagt?

0 20 40 60 80 100

Bruk av fornybare energikilder,
reduserte pavirkninger pa det ytre miljg

Bruk av materialer og komponenter med lang levetid

Bruk av miljgvennlige/miljgmerkede produkter
(byggematerialer, utstyr og forbruk. ..

Bruk av resirkulerte/gjenvunne materialer

Energieffektivitet

Inneklima og -komfort (lyd, luft,
temperatur, straling, mekanisk)
Klimagassutslipp over livslgpet
(LCA og klimagassregnskap)

Miljgsertifisering (f.eks. BREEAM) 29

Tilrettelegging for effektiv
avfallshandtering, kildesortering i livslgpet

0 20 40 60 80 100

[ Ingen vekt Viss vekt [ Stor vekt [ Veldig stor vekt Vet ikke / Ikke relevant

Figure B.13:
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12. | hvor stor grad har felgende aspekter vart vektlagt?

0 20 40 60 80 100

Arealdispaonering (logistikk/forflytning)

Elastisitet (mulighet for & endre 35 6%
volum, bygge paftil, seksjonering) ‘ A2

Fleksibilitet (mulighet for & endre areal/planlgsning) 29,4%
\

Generalitet (mulighet for endring av
funksjon/huse annen type virksomhet)

Innovative l@sninger

Livslgpsplanlegging (integrert arkitektur
og teknologi- langsiktige I@sninger)

Parkeringsmuligheter for bil
Parkeringsmuligheter for sykkel

Riktig materialbruk i forhold til planlagt bruk og levetid

Teknisk tilstand pa eksisterende bygg
ved transformasjon og oppgradering

Tilgjengelighet og universell utforming

0 20 40 60 80 100

[ Ingen vekt Viss vekt [ Stor vekt [ Veldig stor vekt Vet ikke / Ikke relevant

Figure B.14:
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13. Tror du at brukere og eiere prioriterer ulikt med hensyn til verdiaspekter?

I Nei
. Nei, i liten grad
[ Ja, i noen grad
[0 Ja, i stor grad
Vet ikke

Figure B.15:
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14. Hvilke av felgende omrader har du vart involvert i mht. maling og rapportering?

Figure B.16:

0 Arealutnyttelse

[ Energiforbruk

[ FDVUS-kostnader

[0 Finansielle ngkkeltall
Inneklima (luft-, renholdkvalitet,

- etc.) :

" Kunde-/brukertilfredshet

- Kvalitet pa FM tjenesteleveranser
(intern/ekstern)

Il Tilstandsgrad pa bygg/arealer
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15. Basert pa dine erfaringer fra planlegging av nye bygninger/eiendommer eller ved inngaelse av nye
leieavtaler, hvor enig er du i at felgende kan vare hindringer for verdiskaping for eier og bruker?

0 20 40 60 80 100

]
59% 16%

l

[

(s
:42%: 30 7% 6,8%
31.6% 41 2%16 6%
5:0%‘ 17%
379% 34,§A:
% | 33,6% B7.5%
%44.1% 277% 5,7%

For mye fokus pa teknikk og gkonomi i forhold til menneske og samfunn 15528
Fraveer av incitamenter hos bruker7 )
Mangel pa hensiktsmessig og tydelig bestilling for prosjektet (mandat
Mangelfull bruk av digitale verktoy for beslutningsstotte
Mangelfull forstaelse av brukernes reelle behOVSE%
Mangelfull prosjektorganisering, nadvendige roller og kompetanser ikke represent...82
Manglende ambisjoner om & skape innovasjon i prosjektet . ; : ‘
Manglende beslutningsevne og handlekraft11 34‘,6% 30, 5%
Manglende flerfaglig forstaelse i prosjektorganisasjonen 34 8% 35 7A)
Manglende fokus pa og kompetanse om livslgpsplanlegging og ekonomi?’/o . S 5% 37 3%
Manglende fokus pa og kunnskap om driftsfasen |} 35 5% 37, 1% 19 7%
Manglende forstaelse fra sluttbrukeren om hva som skal leveres [I 45 3% 33 2%
Manglende informasjonsoverfaring fra akterene i tidligfase til akterene i de ett..5,8% 41% 2 6% 17.2%
Manglende involvering av sluttbrukernet 3%44 3% 28 9%
Manglende kunnskap til & beskrive funksjonskrav / tekniske brukerkrav8|2

S

o

34%: 38, 1%15 8%

Manglende strategisk forankring 13,9 36 7% 26, 2%

Arkitektfaget far en for stor rolle 1 %&o 40, 4% 23 8% 5,9%
Tekniske fag far for stor rolle A‘fS 6"? 15‘4%

I | I I I

0 20 40 60 80 100

I3}

[ Ingen hindring Stor hindring Veldig stor hindring Vet ikke / Ikke relevant
En viss hindring

Figure B.17:
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