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INTRODUCTION
This study was produced as part of the CRTKL Research
Microgrant Program, which fosters knowledge generation across
the firm by supporting small, focused research ideas and projects.
The program is also intended to identify new ideas, insights or
pivot points that enable us to inform how we think and approach
our work. The format is intended to be a safe space in which
evolving thought leaders may ideate, fail safely and directly
implement findings into our projects, business or culture. The
grants represent one of several firmwide research programs that
promote, support and inspire research-related endeavors.
The 2020 cohort represents the first set of grantees, which were
selected from a pool of 34 total applicants by a diverse jury of
design, innovation and architectural thought leaders. These
individuals and teams investigated a wide range of topics with
support from internal mentors firm-wide, CRTKL Research Fellows
and the program jurors.
The Microgrant program was made possible by the Microgrant
committee, comprised of Sarah Wicker, Sam Coats, James Poppell,
and Camila Simas.
Editing of the journal was provided by David Lehrer, a specialist in
building science and design research.

Without research, architects and
planners cannot address climate change,
advancements in the built environment,
social and economic inequities, and other
pressing issues facing our industry today.
At CRTKL, we enable creative thinkers
to investigate topics like these through
programs like the Research MicroGrant,
which offers seed funding to develop
solutions, apply them to our projects and
advance our profession.
KIM HEARTWELL
PRESIDENT & CEO
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ABSTRACT
This study investigated whether biases exist
in the 2015 International Building Code,
and their potential effect on the building
industry. The study looked in detail at
the IBC Chapter 12, which describes the
requirements for indoor environments.
The review included the code itself, code
commentary, guidelines for submitting
code amendments, and other supporting
documentation regarding building the
code development process. Each sentence
of Chapter 12 of the 2015 IBC was
examined for “metrics,” which we define
as any parameter which can be described
as conforming or non-conforming during
a code review. These metrics were then
traced to their root sources to discover the
driving forces behind them. The analysis
showed that negative forms of bias do exist
within the code. This study represents a
focused snapshot of one code section, and
offers a new method to investigate biases in
the building code that could be applied to
wider sections of the code.

CONTEXT
The International Building Code (IBC) is a
model code developed by the International
Code Council (ICC); it has been widely
adopted for use as a standard by state and
local jurisdictions across the United States.
The IBC Chapter 12 describes the minimum
requirements for the indoor environments
of buildings, including mechanical
and natural ventilation, lighting, space
conditioning, room sizes and acoustical
transmission between spaces in some
occupancies.
Bias in the Building Code

Some building industry codes have been
shown to be subject to implicit bias,
especially zoning and land use codes.
For example, such codes may encourage
higher socio-economic developments and
gentrification of neighborhoods, thereby
serving the middle and upper classes. If
biases exist in planning and zoning codes,
it is reasonable to think biases may exist
in the IBC which governs the design of
buildings as well. The hypothesis of our
study became, if the 2015 International
Building Code contains significant levels of
bias users of the built environment may be
negatively affected.

OCCUPANT(S): 17.88%
COMFORT: 4.74%
SAFETY: 4.01%

OTHER: 31.75%

HEALTH: 9.12%

UNKNOWN: 25.55%
INDIVIDUAL
PERCEPTION:
6.20%

APPROACH
This study reviewed numerous sources
of data available through the ICC. This
included the 2015 International Building
Code, the 2015 International Building
Code Commentary, the ICC website
content and supporting documentation
such as guidelines for submitting code
amendments, bylaws for the council,
and other documentation regarding the
building code development and evolution
process. Following this review, interviews
with ICC representatives were conducted
to confirm findings and explore additional
questions.
Each sentence of Chapter 12 of the 2015
IBC was examined. This was done by
reviewing each sentence for “metrics,”
which we defined as any parameter which
can be described as conforming or
nonconforming during a code review. These
metrics were then traced to their root

mmunity

OUTSIDE DATA: 27.37%

DESIGN: 9.85%

SINGLE FAMILY: 2.19%

AVERAGE USER: 2.19%

OTHER CODES: 8.76%

LIFE/SAFETY: 0.73%
PROGRAM: 6.93%

RULES OF NATURE: 7.30%

SUSTAINABILITY: 13.14%
SINGLE FAMILY: 2.19%
OTHER CODES: 4.38%

FORMULAS: 5.84%
PUBLISHED STUDIES: 1.82%
AVERAGE CONDITIONS: 1.46%

RULES OF NATURE: 3.65%
FORMULAS: 2.92%

Data from Chapter 12 of the 2015 International Building Code
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sources to determine why the metric
existed, and to discover the driving forces
behind each metric. These were then
assigned a ‘tag’ relating to the type of bias
that anchored the metric. Some metrics
had single tags, and some had multiple
tags.

FINDINGS
The analysis showed that the building code
is indeed biased in various ways. Most of
the metrics found within Chapter 12 can
be explained as being based on a logical
or research basis. However, nearly one
third of the Chapter 12 metrics cannot be
traced back to a scientific or peer-reviewed
source, which presents an opportunity for
these portions to be negatively biased, or
based around personal opinion. Additional
findings include:
•

•

•

•

•

The ICC has standards and strategies in
place to address bias in the composition
of the reviewing and advisory
committees.
Approximately 70% of Chapter 12 (used
as a case study) can be traced back to a
specific source (non-biased metrics).
Approximately 30% of Chapter 12
cannot be traced to a definitive source
(potentially biased metrics).
Out of the 70% of ‘non-biased metrics’,
a portion references studies or other
research that is not applicable to the
International Building Code chapter and/
or content. This suggests more bias may
be present than at first glance.
Summary results of this analysis is
shown in the chart previous (Fig.1).

Bias in the Building Code

CONCLUSIONS
While the ICC takes measures to address
potential bias, portions of the 2015 IBC
are inherently biased . While the nature of
metrics and commentary surrounding the
building code may be less susceptible to
obvious bias, there are ample opportunities
for bias to exist and affect the experience of
building users.
For example, in Section 1210 we find
specific text and metrics regulating what
the term privacy means in male toilet
rooms, however, for female toilet rooms
the term privacy lacks defined terms and
metrics. Given the nature of toilet rooms
and the shift toward gender-separated
quarters, it is prudent to apply the same
definition to words such as privacy from
room to room, regardless of the users’
gender. This is one example showing how
bias has affected the codes that govern
design of our public spaces.
The study further found that every metric
showed bias in some way, whether for
saving money or reducing hardship for
a building owner, or protecting the life
and safety of the public. Every metric
is significant because they help show a
complete picture of all the biases existing
in the building code. The negatively biased
(personal experience) metrics more
strongly align with the hypothesis, but it
would be irresponsible not to highlight the
more positively biased (backed by scientific
research and studies) metrics.

CODE COMMITTEE PROCESS
The building codes have been developed
with consideration for undue hardship on
the designer, not only in terms of time and
money, but also to compromise between
that and protection of life and safety. When
determining what is included into the
code, committees are selected to review
proposed revisions, additions, and deletions.
These committees cannot have more than
one third of any interest group represented,
but this only accounts for major businesses
and economic interests; other sources of
potential bias such as race, gender, age, and
ability are not considered. When code
committees can potentially be represented
by a single gender, age group,
socioeconomic class or other demographic
segment, many opinions and perspectives
will inevitably be left out of the
conversation. Finally, this research found
that certain code sections provide
thoroughly referenced studies as a result
of one person or a small group supporting a
specific initiative — in other words, it
matters who is in the room.
Finally, in talks with the ICC , some
were hesitant to discuss exactly where
the metrics came from, which is an
unsatisfactory finding regarding something
as crucial as building codes which govern
the design of our built environments.

IMPLICATIONS
The findings related to bias in the code
affect many building professionals who are
designing built environments under the
2015 International Building Code. This
implies that when designing for a
population of users, in many situations
we must go beyond the minimum
requirements of the building code. When
generic terms such as privacy govern
spaces used by many, we must determine
what that means to our users and how to
achieve it. Portions of the building code
have intentionally been left vague to allow
designers to make their own interpretations
to fit clients’ needs. By being aware of these
sections, we can use them to our advantage
and work to create more just and equal
environments.
Bias is an uncomfortable topic for many
people, as it carries a strong negative
connotation. However, bias in and of itself
is not inherently bad. The building code
should be biased toward life safety and
public welfare, which we may consider to
be positive type of bias. It was surprising
to learn that the ICC has taken steps
to address potential sources of bias
from influencing the building codes, but
research shows that negative forms of bias
nevertheless do exist within the code. Until
we address these existing biases, our built
environments may not serve the public in
their best capacity.
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NEXT STEPS
This study represents a focused snapshot of
one code section, and offers a new method
to investigate biases in the building code
that could be applied to wider sections
of the code. The study also found that
code biases have not been previously
investigated, therefore this study may serve
as a first step towards a more thorough
analysis of the entire code.
As it is difficult to fully avoid bias when
determining a taxonomy of metrics and
tags, this research approach could also
benefit from collaboration with experts
on the topic of bias, for example in public
policy and health. It would also be useful
to further explore the ~31% of the metrics
listed as “other/unknown.”

Bias in the Building Code

Work is already underway with a
collaborating data analyst and strategist
to clean up the data, so it can be put into
a more comprehensive database. A future
goal is to further advance this work by
establishing an online portal to allow
researchers, stakeholders, building officials
and laypersons to review and contribute
data and thoughts to this initial research.

It was surprising to learn that the ICC
has taken steps to address potential
sources of bias from influencing
the building codes, but research
shows that negative forms of bias
nevertheless do exist within the code.
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RESIDENTIAL
ADAPTIVE REUSE OF
DECOMMISSIONED
CRUISE SHIPS
Do decommissioned cruise ships have
the potential to transform into naturally
occurring affordable housing targeting
various income ranges?

IBRAHIM DESOOKY
MIAMI
Mentor: Yasamin Miller
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ABSTRACT
The rapid influx in cruise ship
decommissioning during 2020 has created a
unique opportunity to recycle or repurpose
large ships using innovative strategies.
This report examines the potential for the
conversion of decommissioned cruise ships
for housing, with a focus on the Miami-Dade
County area. The goal was to investigate
an alternative mode of coastal living,
taking advantage of the oversupply of
decommissioned ships as a primary housing
structure, using a semi-permanent docking
in available port spaces. We identified case
studies of residential cruise ships to serve
as relevant precedents. We collected and
synthesized raw data on the specifics of
size, tonnage, capacity, age, and cost of
the decommissioned ships of the year
2020, creating key datasets highlighting
the magnitude of the issue. We then

investigated the engineering feasibility of
a docked residential cruise ship in Miami,
conducting interviews with engineering
practitioners having marine terminal
expertise. Finally, we conducted an on-line
survey to 362 adults in Miami-Dade County,
(Qualtrics) to investigate perceptions
from potential residents of this new living
concept. We found that residential cruise
ships could be moored in developed
areas, such as the Port of Miami, but that
infrastructure costs would be considerable,
and the need for hurricane evacuation
would be an issue for prospective residents.
Our survey results strongly supported
the proof-of-concept, with respondents
expressing (88% yes or maybe) interest in
living on a repurposed cruise ship. Those
expressing the greatest interest are 41-50
years of age, earning at least $100,000 per
year, who are single or have children, and
willing to pay $849 (mean) and $4,000
(max) per month.

Figure 02:

IMO’s Sulphur Oxide Emissions regulations will benefit port cities drastically, specifically Miami. The Port of
Miami does not provide “shore power” for docked cruise ships. Shore power allows ships to plug into the city’s
power grid and turn off fossil fuel usage.
Source: International Marine Organization

CONTEXT

Figure 01:

According to the U.S. Census Bureau, nearly 1 million people in the county are at risk of homelessness in the
event of a major hurricane, constituting roughly 37% of the population. The light aqueous blue indicates
flooding in the event of 6 feet of inundation in Miami-Dade County.
Source: ESRI ArcGIS - National Oceanic and Atmospheric Administration
Residential Adaptive Reuse of Decommissioned Cruise Ships

In 2020, a record number of cruise ships
were sold, decommissioned and/or sent to
the scrap yard for a multitude of reasons.
The Covid-19 pandemic led to a sudden
freeze in the cruise industry worldwide,
leading to financial losses for major cruise
corporations such as Carnival, MSC, CMV
and Royal Caribbean. As a result, these
companies were forced to reduce their
fleet numbers; for example, the Miami
Herald reported that Carnival sold 18 ships,
a reduction of their fleet by 12% (Miami
Herald).

In addition, a change to emission
regulations by the International Marine
Organization required all vessels to reduce
their overall sulfur oxide emissions by 77%
(IMO). These ship industry emissions have
been known to cause premature deaths,
cardiovascular, respiratory, and pulmonary
diseases at high rates for port city
inhabitants. This increased regulation called
for updating engines and fuel emission
systems, and with costs reaching millions
of dollars this was not feasible for many
ships, especially those with lower passenger
capacities (Dolven, Harris).
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Cruise Ship Fuel Type by Company

Figure 04:

Figure 03:

Over the past decade, the IMO has been increasing cuts on emissions from 5.0% to between 0.1%-0.5%.
Source: U.S. Energy Information Administration

About half of the cruise ships sold in 2020
were repurposed as short-trip voyagers,
ferry boats or permanently docked hotels.
The remainder of decommissioned ships
were sent to ship scrapping facilities,
where usable materials such as metals and
mechanical equipment are salvaged, while
much of the interior elements, such as
outdated furnishings and fixtures, are sent
to waste.
This rapid increase in cruise ship
decommissioning during 2020 has
created a unique opportunity to recycle
or repurpose these large ships using
innovative strategies. Among the strategies
seen today are Covid-19 response hospitals,
permanently docked hotels, crypto currency
and tech live/work communities, and reuse
by domestic cruise companies. An example
of how cruise ships are being reused
innovatively is the MS Albatros, previously
a Phoenix Reisin vessel, now acquired by
the Egyptian hospitality name Pickalbatros

Residential Adaptive Reuse of Decommissioned Cruise Ships

The most commonly used is the heavy fuel oil and scrubber method, which although not a renewable energy
source, is the cheapest way to maintain usage of current ship engines. The scrubber allows for a reduction sulfur
oxide emissions, acting as a filtration device.
Source: Interviews with Cruise Companies, Miami Herald Data, Visualization by Ibrahim Desooky

Ship Age Relative to Passenger Capacity

Group, set to operate the vessel as a
permanently docked hotel in the Red Sea
(Stansfield).
While there are economic benefits to
cruise ship deconstruction in many
developing countries, this is not without
other costs. It provides steel for countries
that normally would import it at high
costs, while providing employment for
low-paid shipbreaking workers. However,
these workers are often required to work
in hazardous conditions, dealing with
pollution, contaminants, asbestos, and
physical hazards which would not be
acceptable by safety standards in the
U.S. and other countries. Physical danger
in shipyards leads on average to one
serious accident per day, and one workrelated death per week in the shipyards of
Bangladesh, Pakistan, and India, resulting
in it being among the most dangerous
occupations in the world (CruiseMapper).

Figure 05:

Chart highlights sold and scrapped cruise ships in the year 2020 relative to passenger capacity. As ship age decreases,
passenger capacity increases. Median decommissioning age was 30.5 years, ranging from 7-55 years of age.
Source: Visualization by Ibrahim Desooky
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APPROACH/
METHODOLOGY
This report examines the potential for the
conversion of decommissioned cruise ships
for housing in existing port areas, with a
focus on the Miami-Dade County area. The
goal was to investigate this as an alternative
mode of coastal living, taking advantage of
the oversupply of decommissioned ships
as a primary housing structure, using semipermanent docking in existing port areas,
and potentially creating affordable housing.
We first identified case studies of residential
cruise ships to serve as relevant precedents.
We then investigated the engineering
feasibility of housing a permanently docked

residential cruise ship in Miami, conducting
interviews with engineering practitioners
with marine terminal expertise. We also
examined economic trends, such income
and rent stress among of Miami-Dade
County residents, to further understand the
opportunities such cruise ship conversions
may offer.
Finally, we conducted on-line survey of
adults 20 to 50 years of age in Miami-Dade
County, to investigate perceptions from
potential residents of this new concept.
We collected 362 responses, an overall
response rate of 77%, resulting in a margin
of error of +/- 5 % (with a 95% confidence
interval for an area population of 2.7
million).
Figure 07:

The chart above highlights the cumulative list of ships sold or scrapped in 2020 alone. Ships ranged from
20,000 gross tons to 77,000 gross tons.
Source: Visualization by Ibrahim Desooky

Figure 06:

Data collected on cost of sale of decommissioned cruise ships. Reference tonnage to understand ratio of
weight to cost.
Source: Visualization by Ibrahim Desooky

Figure 08:

Totals and comparisons of tonnage of decommissioned ships for the year 2020.
Source: Visualization by Ibrahim Desooky

Residential Adaptive Reuse of Decommissioned Cruise Ships
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FINDINGS
To understand the economics of residential
ship conversion, it’s helpful to first consider
some of the many alternatives available to
owners, such as dismantling and sale for
scrap. During 2020, the potential income
from ship scrapping greatly increased, from
$200 to $400 per ton in India, and from
$100 to $300 per ton in Turkey. EU-tagged
ships’ scrap values are less, at $100-200 per
ton as these vessels require dismantling at
EU-certified yards. Ship scrap prices in the
U.S. are $80-90 per ton (CruiseMapper).
In spite of the potential income from
salvage, obsolete cruise ships are not
excessively costly. While the sale value
of decommissioned ships is not widely
published, information is publicly available
for a number of cases. For example, the
Astor, a relatively small ship of about
20,704 tons, with a 600-passenger capacity,
was sold for scrapping for the sum of $1.7M
(Saunders). However, this ship capacity
might be too small for residential reuse.
A larger ship perhaps more appropriate
for residential conversion, the MS Karnika,
at 70,310 tons, with a 1674-passenger
capacity and about 837 staterooms, was
sold to a shipyard in India for $11.65M
(Boonzaier et. al.). These examples begin
to inform the costs of a ship to housing
conversion.

Residential Adaptive Reuse of Decommissioned Cruise Ships

PRECEDENTS FOR RESIDENTIAL
CRUISE SHIPS

MIAMI-DADE COUNTY HOUSING
AFFORDABILITY AND CLIMATE RISK

We referenced information on three case
studies of residential cruise ships on the
projects’ commercial websites, which
described unit costs, the various amenities
offered, and other information. The MS
The World is the only residential ship that
has been built and operational. Due to the
Covid-19 pandemic, it was evacuated in
March 2020 and was expected to return to
service with voyages starting in April 2021.
The other two case studies, MS Utopia and
Storylines, are not yet built due to lack of
funding and customer interest. Below we
provide an overview of these planned or
existing case studies:

We collected data on household income
and housing costs, to understand
challenges to coastal communities in
Miami-Dade County. We found that many
coastal Miami residents suffer from rent
stress, and that 50-60% of coastal Miami
residents pay more than 30% of their
monthly income in housing costs, revealing
that housing costs are not compatible with
household income levels (See Figure 10,
Rodriguez).

MS The World
• Project Cost: $266M
• Capacity: 165 residences
• Unit Pricing: $825,000 to $7.3M
Storylines
• Project Cost: TBD – Under negotiation
• Capacity: 627 residences
• Unit Pricing: $308,616 to $9M
MS Utopia
• Project Cost: $1.1B
• Capacity: 199 residences
• Unit Pricing: $4M to $36M

In addition, area residents face a high risk
of property damage due to rising sea levels
and storm surge. According to the U.S.
Census Bureau, nearly one million people,
roughly 37% of the county population,
would be at risk of homelessness in the
event of a major hurricane (See Figure 01).
This risk applies to both single and multifamily housing, including apartments,
townhomes, condos, and public housing.
Of these at-risk homes, 70% were built
before 1990, the year in which building code
reforms enacted stricter high velocity zone
hurricane standards (Rodriguez, Lopez).
With such a lack of housing affordability
and risks from climate change, creative
solutions are needed.

ENGINEERING AND LOCATION
FEASIBILITY FOR LONG-TERM
DOCKING IN MIAMI
We conducted a focus group interview
with coastal and civil engineers at Moffat
& Nichol, a firm with expertise in marine
terminal design, to understand the
technical feasibility of residential cruise
ships being docked in Miami and in other
port cities, such as New York, Los Angeles
and New Orleans. The focus group took
place on December 18, 2020, and included
Abbie Wilson, Project Manager; Jackie
Brower, PE, PhD; and Nicole Pauly, PE.
We began by discussing locations for
such a concept. In terms of wave action,
the ideal location in Miami is in the bay
area as opposed to in the ocean. Most of
Biscayne Bay is heavily protected by the
Environmental Protection Agency due
to the delicate and endangered species
of coral on the ocean floor (See Figure
09). Applying for approval to dredge and
disturb these protected areas is costly
and takes many years. Additionally, a goal
of such a concept would be to enhance
environmental conditions, not to damage
them.

These newly built and under negotiation
residential cruise ships are targeting highincome households, and not broader
segments of the population. It should also
be noted that in addition to the unit pricing,
owners in these residential ships will have
monthly fees.
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Figure 10:

Significant data was collected on the number of households by geography paying more than 30% of their
monthly income in housing costs, which was obtained from ESRI and ArcGIS, to understand radical income
disparities between coastal communities throughout Miami-Dade County.
Source: ESRI ArcGIS - American Community Survey

Figure 09:

Map illustrating the several basins located throughout Biscayne Bay, including the Port of Miami surrounding
area. Over the past decade, seagrass cover has decreased 70-80%, with some areas over 90%. Seagrass
continues to be endangered in shallow water ecosystems, making dredging approvals difficult to obtain and
harmful to the ocean floor.
Source: Miami Waterkeeper; Miami-Dade County 2019 Seagrass Report

Residential Adaptive Reuse of Decommissioned Cruise Ships

Currently the Port of Miami is connected
to the deeper ocean waters of the Atlantic
by a canal called Government Cut, and it
is the only route deep enough for a ship of
significant size and draft. The draft refers
to the depth from the water surface to the
bottom of a ship’s hull. Below this draft
dimension, clearance is needed to allow for
movement of the ship without grazing the
ocean floor, and the recommended under
keel clearance is an additional 10% of the
total draft. (In addition, the engineering
experts recommended a lateral clearance
of 10 to 15 feet from the ship to any wall
adjacent to it, and in some places adding

fendering, a protective rubber and foam
structure designed to withstand the forces
of a docked ship pushing against the wall.)
At the western end of Government Cut is
the turning basin, a designated U-turn area
for cruise ships to turn to exit the port. To
the west of this area is an inlet in downtown
Miami’s coastline, tightly sandwiched
between the American Airlines Arena
and Museum Park, that could provide a
possible site for a residential ship that the
architect and engineers discussed during
the interview.
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ENGINEERING COST
CONSIDERATIONS
This inlet was most likely intended for
large vessel docking and has a depth of up
to 24 ft, which can accommodate a large
vessel with a shallower draft than most
large cruise ships. (Navionics) The experts
discussed the deepening of the channel to
a depth of 50 to 52 feet, the depth of other
port areas. Underwater dredging costs
start at $70 per cubic yard, and can be up to
several hundred dollars per cubic yard if the
sea floor is made of solid rock or sensitive
soil. This requirement could rapidly add to a
project cost.

A permanently docked residential cruise
ship would also require infrastructure
for power, waste management, fueling,
sewer and other provisions, which may add
between $2M to $4M in construction costs.
The Port of Miami land and infrastructure is
very expensive and is designated for cruise
and shipping vessels only and could not
accommodate such a long-term private
docking due to its already limited land and
docking area.
Ports include massive structural platforms
and walls that help resist both aquatic
and naval structural loads, especially with

Figure 12:

Understanding frequency distributions of respondent willingness by demographic characteristics.
Source: Qualtrics

Figure 11:

Understanding the demographic of survey respondents.
Source: Qualtrics

Residential Adaptive Reuse of Decommissioned Cruise Ships
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clearly communicated to potential residents
prior to buying, leasing or occupying.
Hurricane damage also may affect port
infrastructure associated with the needs
of the docked vessel, indicating a need for
robust operational systems and investment.
A loss of power is a serious potential during
hurricane damage, which can cause distress
and hazard to residents. Because residents
would need to agree to relocate during a
hurricane evacuation, we added this portion
to the survey. (Similarly, houseboats are not
common in Florida waters due to hurricaneforce winds and wave action.)

COASTAL MIAMI-DADE SURVEY
RESULTS
We conducted a survey to understand the
willingness of residents of Miami-Dade
County to live on a repurposed cruise ship,
and if they expect that it could provide a
quality of life equal to or better than their
current condition. In addition, the survey
aimed to understand the basic needs of
potential end-users that developers would
need to know of. Survey participants were
asked a series of questions related to their
current living situation and their opinions of
living in a repurposed cruise ship.

Figure 13:

Source: Qualtrics

the lack of bedrock in Miami’s subterrain.
Adjacent to the sea walls, mooring dolphins
are large concrete piles used to moor ships
for docking. Each mooring dolphin costs
$250,000 to $500,000, and are to be spaced
50 to 100 feet apart, with extra ones at the
stern and bow of the ship. These are crucial
for permanent docking capability, and in our
hypothetical site at Museum Park, several
would need to be built to accommodate the

ship, representing additional costs to the
concept.
Finally, in Miami vessels do not stay at
their berths during hurricanes, due to
strong wind forces that could slam ships
against the sea wall, yielding potential for
disaster. An effective and clear hurricane
evacuation plan would be required for
a residential ship, and would have to be

The survey results showed that those
people most amenable to this type of living
accommodation were between 41-50 years
of age, who had graduate or professional
degrees, and who had annual incomes over
$100,000. However, we note that those who
were younger, had less education and lower
income levels also responded positively.
Also, targeting median-to-high income
brackets within all three age groups could

be beneficial, since those in the 20-30 and
30-40 age brackets together constitute
a larger group, approximately 30%, of
the coastal Miami population. (Targeting
only the higher income and higher age
groups might lead to results similar to the
residential case studies above, which are
struggling financially due to lack of funding
and customer interest.)
When asked if they would be willing to live
on a residential cruise ship, assuming it
would cost approximately the same as what
they were currently paying, 44% responded
yes, 44% responded maybe and 12% said
no (Figure 12). Survey participants were
also asked how much they are willing to pay
to live on a repurposed residential cruise
ship; the mean response was $839, and the
maximum $4000 (Figure 13). If given an
option for a short-term lease, 90% indicated
they would be more likely to live on a
residential cruise ship.
Given the wide range of survey respondents
who expressed interest in this concept, we
analyzed the results to get a better picture
of who would be most willing to live on a
residential cruise ship, as outlined below:
Age
• Age 41-50: 91% responded yes or
maybe
• Age 31-40: 85% responded yes or
maybe
• Age 20-30: 86% responded yes or
maybe
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MOST SIGNIFICANT BARRIERS TO COASTAL LIVING

INTEREST LEVELS BY CURRENT HOUSING COSTS

MOST CONCERNING COVID ASPECTS

Figure 14:

Understanding willingness in relation to current housing costs. The top four cost groups range
from $500 to $4,000.
Source: Qualtrics

Education
• Graduate/professional degree:
91% responded yes or maybe
• Associate degree: 87% responded yes or
maybe
• Some college: 87% responded yes or
maybe

Residential Adaptive Reuse of Decommissioned Cruise Ships

Family Structure
• Live with children: 92% responded yes
or maybe
• Married with children: 91% responded
yes or maybe
• Roommates: 88% responded yes or
maybe

Figure 15:

Understanding the most significant barriers, as well as COVID concerns.
Source: Qualtrics

Income
• Income over $200K: 94% responded yes
or maybe
• Income $150-$200K: 100% responded
yes or maybe
• Income $100-$150K: 90% responded
yes or maybe

Current Rental Cost
• More than $4,000/month: 100%
responded yes or maybe (Figure 14)
• $2,501-3,000/month: 93% responded
yes or maybe
• $2,001-$2,500/month: 92% responded
yes or maybe
• $500-$1,000/month: 91% responded
yes or maybe
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Figure 16:

Figure 18:

Source: Qualtrics

Top desired neighborhoods for the concept according to survey respondents.
Source: Miami Map by Black Lamb Studio - Edited by Ibrahim Desooky

Yes (46%)

Maybe (44%)
Yes

Maybe

No

Figure 17:

Participants answering whether short-term leasing would incentivize their approval of the concept.
Source: Qualtrics

Residential Adaptive Reuse of Decommissioned Cruise Ships
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Survey respondents expressed various
concerns about living on a repurposed
cruise ship, however, these may not
be insurmountable. The barriers to
potential residents (Figure 15), in order of
importance:
1. Expense
2. Risk of flooding/hurricane damage
3. Lack of parking
4. Lack of credit history
5. Not close enough to schools
Survey participants were asked about most
important features for them to live on such
a ship. The most important features (Figure
16), in order of importance are:
1. Parking
2. On-site laundry
3. Outdoor green space
4. Security
5. Pool
Survey participants were asked what
community features are of interest. The top
two most important community features
are having a location near work, and a
location near retail/entertainment. The
top two most desired neighborhoods were
Downtown and South Beach.
From discussions with interior designers,
we learned that individual units could not
be refurbished to add private kitchens in
the future, due to fire protection protocols.
Participants were asked if they are willing to
forfeit having an in-unit kitchen in exchange
for a direct ocean view: 56% indicated yes,
they would forfeit the kitchen; and 44%

responded that they would not forfeit
a kitchen. Regarding their interest in
communal eating on a ship, 56% would be
willing to give up kitchen for an ocean view,
and 51% would prefer to eat in their unit.
Participants were asked if short-term leases
would incentivize their decision to live on
ship: 46% responded yes it would help;
and 44% responded maybe it would help
(Figure 17).

CONCLUSIONS
This study found that the Miami-Dade
County residents suffer from housing
affordability stress, and that innovative
ideas are needed to address the costto-income discrepancy. We found that
residential cruise ships, from an engineering
perspective, could be moored in urban
areas, such as the Port of Miami, but that
infrastructure costs may be considerable,
and the vessel hurricane evacuation plan
will need to be a major consideration for
prospective residents. Our survey results
strongly supported the proof-of-concept,
with respondents expressing interest in
living on a repurposed cruise ship. Those
expressing the greatest interest are 4150 years of age, earning at least $100,000
per year, are single/married with children,
or living with roommates, and are willing
to pay at least $2,000 per month. The
concerns raised by survey respondents do
not seem to be insurmountable, but do
need further investigation.

The study also found that small cruise ships
are more suitable for permanent docking as
they require less space and dredging, and
they could function at a scale similar to a
high-rise apartment complex in downtown
Miami. Small vessels will be less intrusive
on the urban planning of the city, and less
likely to block views from land to sea.
These findings are relevant to the cruise
industry and urban planning concerns, and
may warrant further study in other coastal
cities. For example, the engineering experts
expressed the opinion that a docked
residential cruise ship would be most
conveniently located up-river, or in a body
of water that is both deep and passive from
a wave activity perspective. An example of
this is the Hudson River, where ships are
permanently moored, such as the SS United
States, a retired ocean liner, and the USS
Intrepid, a retired aircraft carrier.

During the focus group with engineering
experts, several ideas emerged that could
be further explored. For example, instead
of a designated port for the vessel, sharing
ports or periodically moving locations may
offer benefits (though would not likely
work for regular working people). In this
scenario, a ship would only have to pay port
docking fees, as opposed to the full cost
of new port construction. This idea builds
on the increase of remote work we saw in
2020 due to the Covid-19 pandemic, and
could possibly attract residents who are
not tied to a particular location. Another
possibility would be to allow for short term
leases, at monthly intervals, to reduce the
commitment required for those who are
traveling, migratory, or hesitant about longterm contractual obligation.

WHAT’S NEXT
The next step for this study is to understand
the cost implications behind cruise ship
repurposing, including costs associated with
building new pier infrastructures specifically
for this use. This would also include
cost estimates for interior renovation,
federal and city planning approvals, and
engineering and design. Further site
investigations would be needed, with a
deeper look into environmental impacts
and reporting.
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through large-scale adoption of mass
timber structures for residential midrise
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ABSTRACT
This study explored the potential carbon
reduction impacts if midrise residential
developers were to adopt mass timber
structural systems for projects throughout
the city of Seattle. While research exists
on carbon emission reductions from single
mass timber projects, few are available that
consider comprehensive carbon reductions
that could be achieved with large-scale
adoption of this emerging building system.
Data were collected from more than 150
midrise residential projects (buildings with
6 to 18 floors) in the city of Seattle, and the
amount of avoided greenhouse gas emissions (GHG) and carbon sequestered was
calculated if these projects were to be made
of mass timber, using the WoodWorks Carbon estimator. The research finds that the
total carbon benefits are substantial, that
that such findings may increase awareness
of the importance of choosing low-carbon
and locally-sourced building materials. Also,
these findings may create momentum for
better policies and incentives for more sustainable mass timber projects at a city-wide
scale.

CONTEXT
Buildings contribute approximately
40% of annual global greenhouse gas
(GHG) emissions (UN 2017). In addition,
the embodied carbon resulting from
the production, transportation, and the
installation of building materials makes
up for 11% of the total GHG emissions
(Architecture 2030). Considering the
amount of new construction that is
projected to take place between now and
Mass Timber in Seattle

2050, it is projected that embodied carbon
will be responsible for almost 50% of the
total emissions (Ibid). In order to meet
ambitious goals such as zero emissions
from the built environment, we must move
beyond our traditional focus of operational
energy use in buildings, and begin to
also measure and manage embodied
carbon. Doing so will require a thorough
understanding of the carbon implications of
material choices, especially with respect to
zero- and low-emission materials that can
be sourced close to project sites. Replacing
building materials with low embodied
carbon materials such as mass timber
is key to addressing climate change and
meeting goals such as those outlined in the
Architecture 2030 Challenge.

MASS TIMBER: AN EMERGING
LOW-CARBON MATERIAL
Mass timber construction is a new building
technology that is characterized by the use
of large solid wood panels which provide
exceptional strength and stability (Think
Wood 2020). The adoption of mass timber
in North America is in its infancy, compared
to its use in Europe or Australia. However,
the interest and demand for mass timber is
growing, especially in the Pacific Northwest
due to access to local forest resources,
the low carbon footprint of mass timber
products, the cost competitiveness of mass
timber to conventional steel and concrete
construction, and the positive impacts
wood surfaces may have on the health and
well-being of the occupants. The production
and transportation of concrete and steel
have enormous carbon emission impacts,
while locally sourced wood products have

much smaller GHG emissions and greatly
reduce the total carbon footprint of a
building construction.

NEW CODES FACILITATE TALLER
MASS TIMBER STRUCTURES
Following the mass timber code change
proposed for the 2021 International
Building Code, the City of Seattle has
started issuing permits for mass timber
buildings up to 18 stories, allowing such
taller mass timber projects to navigate the
permitting process. Also, the city passed a
citywide Mandatory Housing Affordability
(MHA) program in 2017 that requires
developers constructing new commercial
or residential projects to help create
affordable housing in return for ‘upzones’
that allow them to build taller buildings.

APPROACH
While research is available on the carbon
emission reductions from individual mass
timber projects, few studies have looked at
the comprehensive reductions that could
be achieved with large-scale adoption
of this emerging building system. This
research serves to fill that gap, by exploring
the potential carbon reduction if mass
timber were to be used in over 150 midrise
residential buildings (6 to 18 floors) in
Seattle, Washington. The city was chosen as
a case study because of its unique location
in the heart of Pacific Northwest with
excellent proximity to forests and wood
industry resources.

Seattle neighborhoods were divided into
these three districts totaling 142.5 square
miles: (1) North and Central Seattle, (2)
Downtown and Lake Union, and (3) the
South Side.

North & Central
Downtown & Lake Union
South Side
These were selected to form districts with
similar numbers of projects to facilitate
data collection and comparisons, as
some neighborhoods have zoning height
limitations that impact the calculations.
Based on the information from Seattle’s
Building Permit Map and WoodWorks
project data list, we identified over 150
residential projects that were designed,
permitted, or under construction within
the last four years in the city of Seattle
that would be compatible with the new
mass timber code that govern the design of
buildings of 6 to 18 stories.
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CARBON ESTIMATION PROCESS
Carbon benefits from mass timber
products are estimated by the sum of
two elements: (1) the amount of GHGs
avoided by choosing wood instead more
energy intensive materials such as steel or
concrete, and (2) the carbon sequestered
in the wood building materials and. The
WoodWorks Carbon Calculator tool was
used to convert the total building area
of these projects to the volume of wood
products needed for the whole building
major components. This is done by the help
of large data sets of previous built mass
timber projects and wood use factors by
region. The Calculator tool averages the
data to essentially estimates the total wood
mass of each building.
The wood volume then is used to calculate
the carbon benefits. Using the height and
the floor area of each building, we used
the tool to calculate for each project the
potential carbon emission reduction, and
also the potential sequestered carbon, if
main components such as framing and floor
slabs were made of mass timber.
The mass of carbon stored in wood
products was calculated based upon the
assumption that wood fiber is 50% carbon
by dry weight (Sathre O’Connor 2010).
After the mass of carbon in the wood
products was determined, the carbon was
converted to CO2 based on molecular
weight ratio (50%). The final value provided
in the carbon calculator is an estimate of
the mass of carbon dioxide removed from
the atmosphere during the growth of the
tree and stored as carbon in the chemical
structure of the wood building products.
Mass Timber in Seattle

The total carbon benefit for each
neighborhood district was then calculated
by adding the carbon benefit of all projects
located in that district. Finally, the overall
carbon benefit amounts were then
translated into other equivalences, such as
amount of vehicle reduction per year, or the
energy used to power homes, that may be
more easily understood by the public.

FINDINGS
Based on the data gathered from 150
projects throughout the city of Seattle, a
total of 36,312,350 square feet of midrise
residential area (6 to 18 floors) was added
to the city since 2016. That amount is
significant considering that residential
construction accounts for more than half of
Seattle’s construction volume (Cumming
Mgmt. Group 2020). The number of
projects, floor area and wood volume that
would be required to build these in mass
timber is shown in Table 1.
Our calculations showed that mass timber
construction would lead to 218,000 metric
tons of avoided GHG emissions, and also to
102,570 additional metric tons of carbon
stored in mass timber products, bringing
the total potential carbon benefits to
320,570 metric tons of CO2 (Table 2).
These results, using the Woodworks Carbon
Calculator, are based on wood volumes
only. The results do not represent a whole
building or product level carbon footprint,
or global warming potential, and are not
intended to substitute for an in-depth life
cycle assessment (LCA) study.

DISTRICT

NO. OF PROJECTS

AREA (SF)

WOOD VOLUME
(CUBIC FEET)

North & Central

48

8,156,700

17,053,600

Downtown + Lake
Union

56

19,023,200

39,773,000

South Side

51

9,132,500

19,094,000

Total

155

36,312,400

75,920,600

Figure 01:

District Project Area and Wood Volume

CARBON STORED
AVOIDED GREENTOTAL POTENTIAL
IN THE WOOD
HOUSE GAS EMISSION CARBON BENEFIT
MTCO2e
MTCO2e
MTCO2e

DISTRICT

AREA (SF)

North & Central

8,156,700

23,040

48,970

72,010

Downtown +
Lake Union

19,023,200

53,730

114,200

167,940

South Side

9,132,500

25,800

54,830

80,620

Total

36,312,400

102,570

218,000

320,570

Figure 02:

Total Potential Carbon Benefit

The environmental impact of a 320,570
metric ton reduction of CO2, as an abstract
concept may be more easily understood
when translated into something more
familiar, for example, the equivalent
GHG reduction resulting from passenger
vehicles, of the energy use of average U.S.
homes. These calculations can be derived
using U.S. Environmental Protection
Agency’s Greenhouse Gas Equivalencies
Calculator. (The EPA calculators are listed in
the references.)

Using these carbon calculators, we find
that changing to mass timber for this set
of buildings has an impact equal to taking
61,228 cars off the road for a year, or equal
to the amount of energy used annually
in 27,248 homes, equivalent to 7.7% of
the total households in Seattle in 2019
(Washington State Office of Financial
Management).
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CONCLUSION

NEXT STEPS

Today more than ever, with the adoption
of the new mass timber codes, and the
impacts of community enhancement
programs like Mandatory Housing
Affordability (MHA), it has become much
easier for taller mass timber residential
midrise projects to be realized in the city of
Seattle.

With buildings responsible for a large
percentage of the world’s greenhouse gas
emissions, designers, developers and policy
makers must have a better understanding
of embodied carbon, and how low emission
materials such as mass timber play a role
in reducing the GHG emissions. Through
this type of innovative design, research and
exploration, CRTKL can establish itself as
a leader in advancing these new building
technologies and materials, and contribute
to improving the tools and talent needed to
build with them.

Based on the data collected from more
than 150 projects, we conclude that largescale adoption of mass timber residential
midrise projects has carbon reduction
benefits equivalent to the annual carbon
emissions of 8% of Seattle households.
In a previous study published by CRTKL,
carbon neutrality is listed as one of the ten
characteristics of a resilient city (CRTKL
2020). Building with more mass timber
can help combat the effects of the climate
change and pave the way for more resilient
cities.

This research explored the carbon benefits
of only a single building type. To fully
understand the full potential of “mid-mass”
projects, this method could be applied to
additional building types throughout the
city of Seattle and beyond. Finally, adding
comprehensive life cycle assessment (LCA)
to future studies may help to validate this
work, and also produce more accurate
accounting of total carbon benefits.

Based on the data collected from more
than 150 projects, we conclude that
large-scale adoption of mass timber
residential midrise projects has carbon
reduction benefits equivalent to the
annual carbon emissions of 8% of
Seattle households.
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ABSTRACT
This study investigated the feasibility
of applying telehealth technology in
medically underserved areas to improve
access to specialized care, evaluating
novel approaches such as freestanding
telemedicine stations in areas where
many residents lack internet connections
in their homes. Through data collection
and observations in Pleasant Grove, a
socioeconomically underserved community
within Dallas County, Texas, we identified
gas station convenience stores to be an
important and abundant element within
the community infrastructure. While
additional interventions would be needed
to provide consistent health access to the
entire population, our findings indicate
that gas station convenience stores offer
a viable and overlooked opportunity
for telemedicine integration within the
community.

CONTEXT
The coronavirus has spurred a large
increase in the use of telemedicine.
Before the onset of the pandemic, 74% of
Americans did not have access to, or were
unaware of, telemedicine options, and
only around 10% of respondents had used
telemedicine services, according to a 2019
survey by J.D. Power (PR Newswire 2019).
For additional context, in 2019 only 54% of
Americans visited a primary care physician
within the last year.
With the onset of the coronavirus,
telemedicine visits increased 159% within

Improving Access to Community-Based Telemedicine

a year, according to a CDC report (Koonin
L.M., et al. 2020). From the perspective of
Hospitals and Health Systems, it became
increasingly important to leverage
alternative methods of healthcare, such as
telemedicine, to reduce the spread of the
virus and its impact on facilities, preserving
scarce supplies of personal protective
equipment and lowering risks to caregivers
and patients.
The pandemic has prompted investigation
into the viability and adaptability of
existing healthcare infrastructure, which is
unevenly distributed nationwide and likely
contributing to already obvious inequities
in terms of health outcomes. Telemedicine
visits are not equally accessible throughout
the country, as rural and underserved
communities within the U.S. lack adequate
physical and technological infrastructure.
With such extreme disparities in terms of
access to health resources, our research
team was driven to understand how the
use of telehealth in medically underserved
areas may improve access to specialized
care.

APPROACH
To more specifically investigate the
needs and challenges faced in accessing
telemedicine, we sought to explore
a community dealing with multiple
challenges, such as: low levels of health
infrastructure, personal mobility, economic
resources, and access to the internet. We
found such a community in Pleasant Grove,
located within Dallas, Texas, and utilized it
as a site for our studies.

SOCIO-ECONOMIC CHALLENGES
OF THE STUDY SITE
This community, largely defined by the
75217 postal district, was developed during
the 1940s through the 1960s as a largely
middle-class suburb. As housing standards
and demographic shifts led many original
inhabitants to move to outlying suburban
areas, Pleasant Grove became largely
populated with newly arriving immigrants.
Although the area has retained a vibrant
cultural and community identity, it has
suffered from a lack of investment in both
health and technological infrastructures.
Another challenge faced by current
residents is that their neighborhood was
developed around the personal automobile,
with less focus on pedestrian circulation.
The selected area for investigation is
classified by the U.S. Health Resources
and Services Administration as a Medically
Underserved Area (MUA), a geographic
area that lacks access to primary care
services. It is also defined as a Health
Provider Shortage Area (HPSA), which is
characterized by a shortage of primary
medical care, dental or mental health
providers.
Pleasant Grove has also been determined
by the Dallas Fort-Worth Hospital Council
Foundation to have a high socio-economic
need compared to other parts of the
country. Using the SocioNeeds Index
(SNI), a measure correlated with poor
health outcomes, Pleasant Grove has an
SNI of 97.6 out of 100, indicating that
the community has a significant need
based on measures of poverty, income,

unemployment, occupation, education, and
language amongst the population.
Finally, Pleasant Grove may be considered a
“connectivity desert,” as over 42% of homes
with children in the 75217 postal area do
not have a broadband internet connection
at home (Commit Partnership 2020).
Such inconsistency in connectivity inhibits
the ability for patients to conduct athome telemedicine visits and to be better
engaged in their health.

FINALIZING THE RESEARCH
QUESTIONS
In 2019, Parkland Health & Hospital System,
the major provider of healthcare to this
community, conducted a Community
Health Needs Assessment and engaged
with focus groups representing 49
varying groups of stakeholders within
the communities of Dallas County (Dallas
County, 2019). Key social determinants of
health for this community are identified
later in this report.
After further analysis of the community
context and focus group findings, we
developed the following hypothesis:
Can implementation of telemedicine
stations at gas station convenience stores
across the community improve access to
specialized care for the leading causes of
death amongst this population? To inform
this hypothesis, the focus of our research
centered around following questions:
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Economic
Stability
Education
Access &
Quality

Neighborhood
& the Built
Environment

Social &
Community
Context

Health Care
Access &
Quality

FINDINGS

Figure 01:

Social Determinants of Health.
Source: 2020 Healthy People www.healthypeople.gov

1. What are the leading causes of death in
this community?
2. What technology is available to support
remote specialized care, and to address
these leading causes of death?
3. Could gas station convenience stores,
which are abundant in the community,
serve to provide adequate health access
to residents?

SECONDARY DATA ANALYSIS
Our approach included extensive analysis
of the existing neighborhood context to
validate challenges in access to healthcare
through quantitative data gathering.
Contextual information was gathered
from the Environmental Systems Research
Institute (ESRI), the City of Dallas, and the
American Community Survey. We also
utilized focus group findings from the
Parkland Health & Hospital System 2019
Community Health Needs Assessment
(CHNA) to understand the primary
inhibitors of health in the Pleasant Grove
community. Our information regarding
Improving Access to Community-Based Telemedicine

Our intent was to gather first-hand
qualitative data from users within the
community, however we encountered
challenges in connecting with people to
conduct socially distant interviews and
surveys. (The observation process was
adjusted at two locations due to safety
concerns. In those cases, data was gathered
through multiple instances of observation,
rather than continuously.)

LEADING CAUSES OF DEATH
health and wellness concerns for this
population was also obtained through the
2019 CHNA.

OBSERVATION METHODOLOGY
We also conducted qualitative observations
at gas stations convenience stores within
the community. The gas stations observed
were intentionally chosen to provide
uniform coverage over the entire 75217
postal zone. The population density, in
addition to the locations of existing medical
clinics, also informed the selection of gas
stations observed. Below we describe the
approach for our observations:
•
•
•
•

Observations occurred between 5-6 pm
on weekdays
Observations were continuous for 10
minutes
Cars at each stall were monitored within
the 10-minute timeframe
People entering the store, and their
arrival by car or on foot, were recorded

The leading cause of death within Dallas
County is heart disease. Heart disease
is often associated with hypertension,
diabetes, and high blood pressure.
The Center for Disease Control (CDC)
estimates 80% of heart disease cases to be
preventable. Health education, screening,
and monitoring are key methods for
preventing and treating heart disease,
along with associated comorbidities such as
diabetes and hypertension.
The second leading cause of death
in this community is cancer. Though
not preventable, increased awareness,
education and screening are important in
the treatment of various types of cancer.

HEALTH OPPORTUNITIES OFFERED
BY DISTRIBUTED CONNECTED
EQUIPMENT
Numerous handheld technologies have
been released within the past year. These
devices tend to be smaller, cheaper, and
faster to produce than traditional nonmobile medical equipment. The available

technology may be used to monitor the
following:
•
•
•
•
•
•

Temperature
Blood pressure
Ultrasound
Mobile ECG
EEG sleep study
Mobile monitoring of heart rate,
respiration rate, ECG, posture,
continuous blood pressure, SpO2, pulse
rate, temperature, and arrhythmias

Some of the new technology available
supports handheld monitoring and enables
integration with a patient’s smart phone,
better connecting them to their health
information and encouraging them to
proactively engage in their wellness.

TELEMEDICINE STATIONS
Telemedicine stations are commercially
available and are already being used
by numerous health systems and
universities. These offer several benefits,
including reliable internet and technology
connectivity, a consistent environment
for provider diagnoses, the ability to
monitor heath diagnostics, and medication
dispensing. Two telemedicine stations
currently on the market are the OnMed
Station and the Philips Virtual Care Station,
shown in Figure 2 and Figure 3.
An additional and important feature
of these stations is the opportunity for
integrated security. The check-in process
unlocks the doors to prevent misuse, and
activity is always monitored both in and
outside of the stations.
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ASSESSING CONNECTIVITY

Figure 02:

Philips Station
Source: www.usa.philips.com

The feasibility of telemedicine has improved
with the growth of 5G coverage over the
past year, and at the time of this study,
three of the four major cellular carriers
provide 5G coverage in Pleasant Grove. To
provide better connectivity, telemedicine
devices could leverage the available 5G
connectivity within the area, both inside
and outside of the home. However, it is
important to consider than only the latest
cell phone technology can accommodate
5G connectivity. If homes within Pleasant
Grove, a connectivity desert, are unable
to accommodate 5G coverage through
the latest smart phones, it becomes
increasingly important to identify patients
who can virtually connect to care outside of
their home.

ASSESSING COMMUNITY HEALTH
CONCERNS
The Social Determinants of Health,
identified by the U.S. Office of Disease
Prevention and Health Promotion, are the
social and physical elements that promote
healthy people and communities. Through
focus groups conducted by Parkland Health
to identify ways to improve population

health, participants indicated that the most
influential social determinants of health
in this community are health access and
quality (Dallas County, 2019). Key findings
are outlined below:
General feedback on concerns regarding
health access and quality
• Access to behavioral health care
• Lack of coverage
• Increase in patient volume
• Poor health literacy
• Overall access to care
Social and community concerns
• Social cohesion
• Discrimination
• Cultural competency
Education access and quality impacts
• Reading literacy for understanding
treatment plans and prescriptions
Challenges regarding neighborhood and
the built environment
• Access to transportation
• Getting rides from others
• Cost of transportation
• Public transit difficulty for the elderly

SDoHs Having the Most Influence Over Communities in Dallas

Figure 03:

OnMed Station
Source: www.onmed.com
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Health & Healthcare Access & Quality
Social Impact & Community Context
Education
Neighborhood & Built Environment
Economic Stability

61%
19%
10%
5%
4%

Figure 04:

Social Determinants of Health
Source: Community Health Needs Assessment
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ASSESSING GAS STATION
INTEGRATION WITHIN THE
COMMUNITY
Auto dealers, gas stations and auto
aftermarket care represent the greatest
retail market within Pleasant Grove,
accounting for 10.7% of retail businesses
(ESRI 2020). These parcels, when overlayed
onto a map, form a grid along the main
thoroughfares in Pleasant Grove.
The population of the Pleasant Grove
Community varies drastically by census
tract, including population densities of
up to 15,290 people per square mile (City
Data). In examining how to integrate gas

stations as part of a health care approach, it
is important to identify the most populous
areas within the 75217 postal zone.

GAS STATION OBSERVATIONS
The results of our observations are
summarized below in Table 1. The
percentage of patients accessing the
convenience store is calculated by dividing
all store visits, both drive-up and walkup visits, by the total number of visits
within the observation period. On average,
63% percent of patrons accessed the
convenience store .

CONCLUSION
ASSESSING VIABILITY OF
TECHNOLOGY AND TELEMEDICINE
STATIONS
We assessed the viability of telemedicine
technology to address the leading causes
of death in Pleasant Grove — heart disease,
diabetes, hypertension and cancer. We
found that available technology could
support many, but not all, functions
for treating heart disease. It would be
necessary to consider services that provide
a continuum of care for co-morbidities
further to determine the extent to which
telemedicine could be used to treat the
leading causes of death. We found that
technology also currently exists to treat
and monitor diabetes and hypertension.
However, we determined that technology
does not yet exist to diagnose and treat
cancer. A summary of the findings are
included in Table 2.

One benefit offered by connected
handheld devices is that they support a
shift in care from episodic monitoring to
continuous health awareness. Through
these technologies, with phone apps
and websites, patients can become more
engaged and proactive in their health.

LEVERAGING GAS STATION
CONVENIENCE STORES AS
COMMUNITY HEALTH ASSETS
Through our observations, we determined
that gas station convenience stores
are highly tied into the community and
accessed by a diverse set of people.
Proximity to grocery stores appears to
have a positive correlation to convenience
store access. There was a high utilization
of convenience stores, especially at gas
stations farther from grocery stores and
markets, implying that convenience stores
serve a similar function in providing food
and groceries to a population. Gas stations

Table 01:

Observations

Table 02:

Connected Equipment for Disease Prevention
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located near drug stores and grocery
stores also had a more equal ratio between
patrons accessing fuel versus the store.
Small neighborhood markets often had
limited hours of operation, and online
reviews suggest higher prices, implying
that people may prefer to frequent more
affordable options.
Gas stations immediately adjacent to
freeways had very few walk up customers,
a reduced average length of stay, and a
lower percentage of convenience store
patrons. These areas are less accessible on
foot, as people would be forced to cross
freeway entries and exits, and would also
suggest limited community cohesion. Walkup visits occurred more frequently in areas

with higher population densities and fewer
nearby grocery and convenience stores.
Within the 27 square miles of 75217,
approximately 14 square miles are within
a half-mile distance from a gas station
convenience store, or approximately a
10-minute walk. Of the 13 square miles not
within a half-mile walking distance, 60%
of this area has a population density of
0-1,000 people per square mile.
While these gas station convenience stores
may provide improved access for many
residents, additional interventions are
needed to provide more cohesive access to
virtual care.

IMPLICATIONS &
NEXT STEPS
We believe that the technologies and
models for telemedicine investigated here
have many applications, for example:
•
•

•
•
•
•
•
•

Rural communities
Medically underserved areas with
various existing retail elements,
such as gas stations
Emergent situations, including
pandemics
Rapid deployment of vaccines
Vaccination and testing centers
Developing countries
Travel-flexible healthcare
Improvement of patient engagement
through access to advanced handheld
medical devices

Further analysis is needed to understand
the depth to which mobile technology
can treat heart disease, cancer, and comorbidities. Also making these novel
approaches work in practice will require
community feedback related to specific
areas; for example, how crime and
operational maintenance may impact use
and viability in some communities. Realworld implementation of telemedicine
station technologies, and testing operation
with 5G connectivity, are also needed
to validate the opportunity to leverage
handheld connected devices. Equipment
and technology literacy among various
demographics should also be investigated.
Figure 05:

Mapping access to convenience stores in relation to population density

Improving Access to Community-Based Telemedicine

Finally, in order to move these ideas
forward, the research team is currently
working to engage health providers
in potential partnerships to test these
prototypes as an extension of services into
underserved communities.
As an industry, we have an obligation to
continue to understand how we might
improve health equity and access to care for
the communities we serve. Further research
and exploration will continue to occur to
push the boundaries of traditional models
of care delivery and focus on finding
opportunities for community-based care.

Figures 06 and 07:

Conceptual renderings of convenience store
telemedicine
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ABSTRACT

CONTEXT

The Covid-19 pandemic has driven many
changes in the cities as office activities
have become remote. While it may have
initially seemed that remote work would
be a temporary solution, as we get
through the pandemic, it is becoming
clear that companies and employees
have had to adapt and demonstrate
long-term resilience. This study explores
the hypothesis that many changes now
underway will lead to permanent new
modes of office work. We also hypothesize
that remote work, which came as an
incremental innovation, is here to stay,
leading to a hybrid model with work being
done both at the office and at home. This
will likely lead to persistent changes in
commercial property occupancy in the near
future in cities around the globe. On the
other hand, local service ecosystem of the
residential neighborhoods will grow to host
and support the remote work activities,
which weren’t there prior the pandemic.
The paper also describes impacts on central
London, a district hugely dependent on
office businesses, and how the City of
London needs to adapt and diversify uses
and provide more attractiveness at different
times of the day, in order to become a
future-proof city. The paper also includes
results from an online survey of more than
250 London office workers. The survey
revealed work trends and preferences
from before and after the pandemic
and suggests specific programs that can
increase the attractiveness of traditional
workspaces or remote work settings so that
companies can adapt to retain and attract a
talented workforce.

The Covid-19 pandemic may lead us to
define events in terms of “pre” and “post”
pandemic periods with widespread societal,
economic, and political changes separating
them. Similar framing around events
has occurred with other historic global
upheavals over the century, for example,
with the Spanish flu pandemic of 1918–
1920, both World Wars, and The Great
Depression (PwC/ULI, 2021).

The Future of Office Work

Post-pandemic approaches to office work
are already underway, as much office work
has become remote. It may have initially
seemed that remote work would be a
temporary solution, one that was helping
us going through the pandemic. However,
as more a year has passed since the first
lockdown in the UK and elsewhere, it is
clear that companies and employees have
had to adapt and demonstrate resilience in
the long run. Such a migration of the office
work to people’s homes is having a major
impact on the cities around the world. For
example, London before the pandemic had
the highest number of people commuting
to work in England and Wales, with a usual
resident population of 6,300 growing to
approximately 358,000 during a workday,
an increase of over 5,500%. (Harper, 2013).
While lockdown measures took place, the
number of people commuting decreased
drastically and it might never return to the
level it was before.

COULD BE EXECUTED PRIOR TO
THE PANDEMIC, BUT WASN’T

PANDEMIC

BEYOND PANDEMIC
BACK TO THE
OFFICE 100%

50/50
INDUSTRIAL CITY

KNOWLEDGE +
SERVICES CITY

WORK FROM
HOME 100%

REMOTE WORK CITY

Figure 01:

The evolution of office work. The future is still uncertain, but there are some hints.

Figure 02:

Teleworkable Jobs 2014-2019
Source: The Economist

TELEWORKABLE JOBS
2014-2019
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APPROACH
This work investigates how office work will
change, and where it will be taking place
beyond pandemic. This research was carried
out in three phases: (1) secondary data
collection; (2) primary data collection; and
(3) secondary and primary data analysis.
We used secondary research such as from
articles, consultant reports, census data
and other resources to formulate our
hypothesis; namely that many changes
underway will lead to permanent impacts,
and that we will not get back to the
standard modes of office work that existed
before. We also hypothesize that remote
work, which came as an incremental
innovation, is here to stay and we expect

the long-term effect will be with a flexible
model with work being done both at the
office and at home, with growing virtual
work and consequently decreased in-person
activity compared to before.
To test this hypothesis, we developed an
online survey and recruited approximately
250 respondents. We focused on the
experience and expectations of London
office workers who can currently work from
home. We asked about their experiences
before and during the lockdown, about
work preferences and what they consider
ideal working conditions. We investigated
their satisfaction in various work
environments, and the circumstances that
improved or interfered with their overall
experiences.

FINDINGS
A literature review identified several
emerging themes that are likely to
characterize post-pandemic modes of
work. Many of these trends were already
underway, but the pandemic put these
changes on the fast track and raised
additional issues also.

PRODUCTIVITY IN HOME VS.
OFFICE ENVIRONMENTS
A 2019 study by Leesman, analyzed how
workplaces affect employee productivity,
pride and enjoyment. Based on data from
719,000 respondents in close to 5,000
workplaces worldwide, the study found
that almost 40% of employees felt their
workplaces “did not allow them to work
productively” (Poleg 2021). As early as
1989 management guru Peter Drucker
declared that commuting to an office
would become obsolete. However, the
adoption of working from home (WFH) was
slow and uneven before the onset of the
pandemic. A lack of trust by employers that
workers could consistently be productive
at home, and/or that they could verify that
work was actually getting done, as well
as the lack of widely available high-speed
internet, contributed to the slow adoption
of widespread WFH before 2010 (PwC/ULI
2021). Now a recent period of remote work
has built-up trust between employers and
their employees, largely because they have
not seen productivity fall (NLA, 2020).

Technology will also support productivity.
The digital revolution we are now
experiencing is simply using the tools
we had already, but more actively. The
significant increase in work from home
has accelerated adoption of teleworking,
telemedicine, e-learning, and e-commerce.
Zoom reached 13 million users in April,
up from only 659,000 in January 2020. In
e-commerce, a third of on-line users were
first time users since the pandemic. There
was also a 50% uptick in online banking
registrations once lockdown took effect
(Loyd’s 2020).
WORK FROM HOME HAS BEEN
EXPECTED FOR A LONG TIME

5%

OF KNOWLEDGE WORKERS
WERE WFH BEFORE THE
PANDEMIC
TRUST IS KEY
TECHNOLOGY IS CONSTANTLY
ADVANCING
ONLINE MEETINGS IT WILL
NEVER BE AS GOOD AS
FACE-TO-FACE
ASYNCHRONOUS WORK

Figure 04:

Remote work evolution and barriers

Figure 03:

Workers at City of London at lunchtime.
Image source: New London Architecture, 2020.

The Future of Office Work

CRTKL RESEARCH MICROGRANT JOURNAL | 61

Before the pandemic, many employees
preferred that employers focus on making
the workplace more productive rather
than increasing other amenities. However,
after the lockdown experience, most
of the employees acknowledged that
they feel more productive periodically
switching locations and would choose to
work in a fluid mode. Focus environment is
important, however they valued socialising
highest amongst the best things about
working in the office. In an early lockdown
survey, results showed that younger
workers place particular value on the
office environment, since they are more
likely to find working from home stressful.
They are also less likely to know what is

expected of them and experience a greater
feeling of disconnection from culture and
organizational goals. If WFH can be as
productive as working in the office, this
would save workers on average 227 hours
of commuting each year, equivalent to 28
days that could be dedicated to working or
leisure (PwC and the Urban Land Institute.
(2021). However, our survey indicated that
work from home cannot replace the office
when it comes to socialisation, face-to-face
collaboration and awareness of what others
are working on. Almost half of the 18-25
age group would rather work full-time from
the office.

MEET

FOCUS

FOCUS
MEET

OFFICE
COLLAB

OFFICE
COLLAB

BEFORE:

AFTER:

ALL MODES UNDER THE SAME ROOF

REDISTRIBUTION

WHERE DO THEY
MIGRATE?

MODES OF WORK
What we used to call telework and now
call remote work had already grown before
the pandemic. Roughly 5% of knowledge
workers were working from home before
the pandemic, although 20 to 40% would
have preferred to (Florida, 2021).
Anecdotally, we heard from one person,
“What you have to realise right away is that
working from home is terrible. Remote work
is awesome and will change the world but
those are two very different things.” What
we are all doing now is working from home.
That means people are still taking office
practices and trying to apply them at home
(17 Things Facebook Learned in Lockdown.
FACEBOOK REPORT, 2020). Remote work
might be asynchronous, have shorter work
hours, have different work tasks compared
to the office practices.
A study of the hybrid workplace (combining
work from home with in-office work)
found that U.S. workers continue to see
the physical workplace and in-person
collaboration as key aspects of their jobs,
and these are driving reasons behind their
desire to return. These workers want to
return to the workplace while keeping

the benefits of flexibility and access to
privacy they have enjoyed while working
from home. They also want to return to
the office to collaborate and socialize, and
for the long-term positive impacts on their
careers and organizational relationships.
Many of the benefits of working from home
— greater flexibility and access to privacy
in particular — may be desired in future
workplaces (Gensler Hybrid Workspace
Survey).
Online meetings may never be as good as
face-to-face meetings. As direct contact
becomes more sought after, it will cement
the status of the office building more. A
higher percentage of office space may thus
be dedicated to collaborative and social
spaces, and a much smaller area given over
to more traditional work (NLA 2020). One
remote-work best practice that is emerging
is asynchronous work. This concept simply
means that work doesn’t happen at the
same time for everyone (Griffis, 2020).

Figure 05:

Where can office work take place?
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SALARIES LINKED TO LOCATIONS

CITY-SCALE PREDICTIONS

The traditional compensation approach has
been to pay the cost of labour relative to
each market. So, if people do move out of
New York or Menlo Park to areas with lower
costs of labour, some companies may adjust
the salaries to reflect this (Facebook Report,
2020). In the U.S., some tech companies
are using remote work as an excuse to
reduce pay for workers who choose to live
in less expensive areas (Florida, 2021).
In the future, we expect that employees
will be able to apply for work regardless
of the location, widening their options,
but on the other hand, employers will be
able to hire globally too. This may increase
competitiveness on both sides.

The central business districts (CBDs)
of large metro areas are also relics of
an obsolete industrial age, where office
workers were packed and stacked into
giant “skyscraper canyons”. The rise of
remote work may reduce demand for office
space in CBDs, with estimates for reduced
demand around 20 to 30%. This will have
a significant impact, including on lowerincome service workers in the restaurants,
cafes and shops that support these office
economies. It will also negatively impact
cities’ tax revenues and their fiscal situation
(Florida, 2021).

PAST

PRESENT

FUTURE

PRE-COVID ERA

COVID-19

?

PANDEMIC

LOCAL WORK
HUBS
OVERSEAS WORK
BACK TO THE

Figure 06:

Work patterns affect a city’s spatial use.
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Salesforce, San Francisco’s largest private
employer with approximately 9,000
employees, announced a permanent
work-from-anywhere policy that will let
employees remain on remote or flexible
schedules after the pandemic ends. Other
companies announced similar plans that
will impact downtown office demand,
including Twitter, Facebook and Square,
prompting tough questions about the
vitality of the city’s core and the overall
economy. Salesforce predicts that 65% of
its employees will commute into the office
one to three times a week, across all its
global offices. If the pattern holds in San
Francisco, some predict that workers may
begin to sprawl outwards, not into other
states but to neighboring cities (Bloomberg,
2021).
The impact on tenants is also important,
given that they are under pressure to cut
costs and may be more open to paying for
flexible workspace memberships as in the
past. Even working two to three days a week
from home results in a significant reduction
in the scale of office space in central cities,
with ramifications for vacancies and rents.
Agents are trying to lease huge volumes
of space in London, in some cases offering
40 to 50% reductions, which will have
a significant impact (NLA, 2020). Some
clients are still investing, putting money
into the buildings they keep but in things
such as lightweight sliding curtains and
whiteboards to create adaptable, flexible
space. (Ibid).

Some city centers are now almost empty.
Richard Florida, an urban studies theorist
who focuses on social and economic theory,
predicts that knowledge workers will spend
less time in the office, but that does not
necessarily mean a boom in suburban
living. Instead, they will seek attractive,
high-amenity places in cities and more
remote rural areas, where they can work,
play and educate their children, often
within a 15-minute radius. Service workers
in city centers will fall further behind, and
economic and geographic divides are likely
to widen (Florida, 2021). As in many large
metropolitan areas, London’s recovery has
been a tale of two cities — those who could
work remotely, and those who could not.
(London Recharged Report). In London,
39% of individuals lack the essential
digital skills to succeed in the average
workplace (Loyd’s 2020) and the pandemic
exacerbated these trends (London
Recharged Report). While these changes
will impact office space demand and CBDs,
a potential benefit to the pandemic may
be a return to localism and working more
locally (NLA 2020).
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as their favorite aspect of the city, a great
opportunity exists to make these central
to its post-pandemic recovery. Existing
offices may be transformed into places
for socialising, meeting and collaborating,
as well as focused concentration (London
Recharged Report, 2020). While the
pandemic may be changing urbanisation,

people still romanticise big cities like
London that will continue to offer access to
cultural diversity and inclusive opportunity,
says Miguel Gamino, Mastercard’s executive
vice president of Global Cities Enterprise
Partnerships.

Figure 07:

Remote work is not evenly distributed; London’s lockdown experience has been a tale of two cities.

POST-PANDEMIC: LONDON NEEDS
TO REINVENT ITSELF
For a district hugely dependent on office
businesses, the City of London needs to
adapt and diversify uses and provide more
attractiveness at different times of the
day, and aim to become a future-proof city
(Financial Times, 2020). Small businesses
and those in the arts sector will be needed
to re-enter the city centre to help the UK’s
financial capital recover from the economic
damage of the coronavirus pandemic
(Financial Times, 2020).
The City of London established a call
to action to become more attractive to
a wider population and incentivise the
existing businesses and their employees
to come back to their pre-pandemic
office workspaces. This includes making a

The Future of Office Work

thriving innovation ecosystem in strategic
sectors, and transforming London’s office
stock to support new uses, including the
development of hyper-flexible spaces.
These could allow artists to re-enter
the city center by providing hives of
affordable workspace and access to basic
infrastructure. The recommendations
also include investment in infrastructure,
support for new consumer and commuter
behaviors, and to encourage walking
and cycling across the city by prioritizing
pedestrians at crossings (London
Recharged Report).
London is not just for work but also play,
with over 170 museums, over 850 art
galleries and more than 350 live music
venues. Londoners and visitors consistently
rank multi-culturalism and cultural offers

of Fortune 250 companies’
european or global headquarters3

Figure 08:

London’s unique role and strength (London Recharged).
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SURVEY RESULTS
To further investigate current perceptions
about the post-pandemic workplace, we
conducted an online survey using Qualtrics
platform. We asked 38 questions to more
than 250 respondents representing the
Central London census. We found that the
majority of people had never worked from
home before the pandemic, and only 29%
had worked flexibly before. Today 62% are
working from home full-time, and 34% are
doing so a few days per week. The virtual
collaboration has proven to be challenging,
with 44% still finding it difficult. However,
76% of respondents were satisfied working
from the office, and a similar number (74%)
are satisfied working from home.

We are unlikely to go back to the prepandemic mode of working only in the
office, which had been common for most
of the Central London workforce. However,
offices are not going away either. The survey
found that 55% of respondents would
like to work in a flexible scenario (parttime home, part-time office). Also, 40%
of respondents feel more productive by
switching work location. The exception for it
is the youngest age group research, almost
half of the 18-25 age group would rather
work full time at the office.

WHAT IS YOUR IDEAL WORK SCENARIO?

22%
OOB
full-timew orking

23% OPB
3-4 days per week working from home

OOB22%
full-timew orking
from home

33% PPB
1-2 days per week working from home

Figure 10:

55% of people would like to work in a fluid scenario.
8%
every working day
6%
3-4 days per week

23%
1-2 days per week

4%
never

3%
less than 1 day per week
10%
1-2 days per week

21%
3-4 days per week

WHERE DO YOU FEEL MORE PRODUCTIVE?

SOMETIMES OFFICE/SOMETIMES HOME
OFFICE				

39%

35%

23%
less than 1 day per week

HOME 			

Figure 09:

Most of the people experienced a dramatic work-style change.

The Future of Office Work

25%

Figure 11:

Most people feel more productive in a fluid work mode.
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43%

36%

41%

25%

Figure 12:

1/3 of people would like to work elsewhere apart from home/office.

The survey showed that although most
people are not looking for a third space, one
out of three would work from alternative
places. The top four were local coffee shops,
co-workings, building amenities and while
travelling.

Every second respondent is considering
moving houses, with 29% preferring to
move within London, and 16% considering
a move to the countryside. A majority
of those considering moving would do
so because they need more space to
effectively work from home. The second
ranked reason is an opportunity to improve
living conditions further from the office.

Companies have various reasons to bring
employees into the office, for example
to support communication, culture and
interaction. We asked our respondents to
choose the best and worst things about
working in the office. And at home. The best
things to work from the office were face-toface collaboration, having an environment
that helps to focus and the internet speed
with tech support. Commuting, lack of
flexibility and colleague’s disturbances,
were, on the other hand the worst. The
best thing about working from home were
flexibility, no commuting and work-life
balance. Respondents were most concerned
about the lack of socialising and the
absence of face-to-face collaboration. They
were also disturbed by not knowing what
others are working on.

We also asked survey respondents to rank
the most attractive amenities that would
help them work in an office. The following
were rated as most important amenities
in the office: free food or drinks, flexibility
to work during alternative hours, and an
office gym or a gym allowance. Conversely,
companies can motivate people to work
from home more effectively by providing
other incentives or support. Respondents
selected the following as most important
to them when working from home: better
technology (such as a new computer
screen), compensation (utility bills, salary
increase, mortgage allowance), and the
flexibility to work during alternative hours
or a reduction of the total hours.

46% ARE NOT CONSIDERING MOVING
(BUT A THIRD OF THEM WOULD LIKE TO)

29% WOULD LIKE TO MOVE HOUSES WITHIN LONDON

Face to face
collaboration

Commuting

Flexibility

Less
socializing

Environment that
helps to focus

Lack of
flexibility

No commuting

Absence of face-toface collaboration

Internet speed/
Tech support

Colleagues’
disturbances

Work-life
balance

Less awareness of
what others are
working on

Figure 14:

Best & Worst - Working from the Office.

TO WORK FROM THE OFFICE
16% WOULD LIKE TO MOVE TO THE COUNTRYSIDE

Free food & drinks

Figure 15:

Best & Worst - Working from Home.

TO WORK FROM THE HOME
Better technological
equipment

Flexibility to work in
alternative hours

Utility bills allowance

Gym allowance

General salary increase

Figure 13:

Every second respondent is considering moving houses.

Figure 16:

What would make you change your mind?
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CONCLUSIONS
This study demonstrates that many people
are reconsidering where they live and
exploring ways of adapting to new postpandemic circumstances. This will likely
lead to persistent changes in commercial
property occupancy in the near future. It is
also very likely that many retail, and food
and beverage companies will continue
their geographical redistribution from the
decreased-demand CBD areas to more
residential ones.
This study largely validated our hypothesis,
that most companies will not return to the
mode of office work before the pandemic.
Although remote work was not a radical
or disruptive innovation, it had never been
tested on such a large scale as now due
to the lockdowns. Many companies and
employees have realised that a new mode
of living is possible which can improve worklife balance by reducing commuting time.
As lockdowns progress in the UK and
other parts of the world, employers and
employees are daily adapting to this
situation. We are finding new ways of
interacting, communicating, and socializing
with our colleagues. Although we cannot
establish an accurate picture of future work
policies, we can expect that a more flexible
work mode which allows people to work
from other locations — and perhaps with
flexible working hours — is here to stay.

The Future of Office Work

While we may not be able to define
precisely how office work evolve, we
observe that new terminology is needed, as
the term “office work” has become obsolete
with these activities moving to other
locations. Common terminology found in
articles and papers on this topic includes
telework and remote work. However, to
better describe this new and still evolving
scenario we suggest the adoption of fluid
work mode:
Fluid Work Mode could be used to describe
an easier or simplified work mode. Fluid
refers to something that flows easily, and
to something subject to change. While
we are still trying to understand how the
office work models will look in the future,
allowing it to change as we understand it
might allow more evolution and variety.
A very likely scenario is that workers will
execute asynchronous work, and are given
more choice and flexibility regarding work
location.

IMPLICATIONS
Although our research was focused on
Central London and was specific to office
workers, these findings can be applied to
the cities having similar structures, those
with major volumes of daily commuting to
a single area of high office density. Also, the
shift to this widespread reality will impact
many areas of our business.

WORKPLACE

CITY PLANNING

MIXED-USE

fluid work

more even redistribution

new and adapted spaces

flexibility of location

rise of localism

building amenities

office space adaptation

commute patterns

diversified centre

Figure 17:

Fluid work impact.

In the Workplace: Fluid work with flexible
hours and work location choice is being
adopted by many companies for good.
Because both work from home or office,
have their pros and cons. Offices will adapt
for collaboration, meetings and social
events. Companies might offer amenities to
motivate employees to choose office more
often.

they will be re-purposed to mixed uses,
including residential and new forms of
co-living. Population in cities will be more
evenly distributed. Instead of the former
commuting patterns, more people will
choose to work and perform other activities
locally. Overall, cities can become healthier
providing amenities within 15mins radius
not only in central areas.

In Planning and Urban Design (PUD):
Cities have cycles. London, as many other
cities, had a cycle of industrialization then
of de-industrialization. The abandoned
buildings were then re-purposed to other
uses, such as offices and dwellings. This will
very likely be the future of many underused
office buildings. The difference is that
office buildings stand in central locations,
and not away from city centres. Therefore,
in contrast to industrial buildings, they
should not face a decay period neither a
stigma. In Central London it is likely that

In Mixed Use: In a more distributed city
model, third workspaces will balance out
towards local neighbourhoods. Hence
services ecosystem will expand following
the ones staying locally. Shared building
amenities will become more important than
ever to host the remote workforce.
The city centre will be more mixed-use
compared to office-centric arrangement
prior the pandemic.
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ABSTRACT

CONTEXT

Many cities have evolved with
manufacturing activities physically
integrated with the everyday activities
of city dwellers. In the recent past,
manufacturing in central cities has declined
due to their negative impacts, and these
businesses have become clustered in
industrial zones, generally out-of-sight
and disconnected from the activities of
city centers. However, a new so-called
Fourth Industrial Revolution is emerging,
enabled by a range of modern technologies.
Many industrial processes are evolving,
from polluting and noisy practices to
cleaner and more sustainable processes,
from mass production to just in- time
and make-to-order modes, and from a
demand for unskilled, inexpensive labor
to a growing need for a more educated
and specialized workforce (Hatuka 2017).
These innovations are driving shifts in
the manufacturing sector and enabling
social and entrepreneurial revolution. This
research investigates the new spectrum of
production and how it can be integrated
with commercial, residential, and other
uses in mixed-use buildings. The findings
illustrate new production models for
multiple sectors, including food, digital,
entrepreneurship, medical, energy and
retail, and suggest a need to broaden our
definition of industrial production. Such a
revised definition would consider the trend
towards downscaling many manufacturing
spaces, and their integration with other
urban activities. The study concludes with
a set of planning and policy goals to enable
expanding and scaling these new models of
industrial production.

Historically, cities became manufacturing
engines due to access to the workforce,
a concentration of customers, and
the availability of varied modes of
transportation for goods. It was common
for many people to walk to work. This led
manufacturing activities to be closely
integrated with the everyday activities of
city dwellers (Hatuka 2017). However, in the
past few decades, manufacturing in central
cities has been declining. This may be
largely due to the reasonable assumption
that manufacturing (noise, pollution,
traffic) has negative impacts on other uses,
and justifying barriers between places of
production and places where residents
live and carry-on daily activities (Bodovich
2017). This separation of industrial activities
is also driven by the North American
Industry Classification System which has
obsolete categories for new manufacturing
typologies (Rappaport 2017) and local
zoning regulations that keep industries
separate from residential and other uses.
This has led to a clustering of businesses
in industrial zones, generally out-of-sight
from residents, and disconnected from the
activities of center cities.

New Models of Production

The term Industry 4.0, also called the
Fourth Industrial Revolution, describes the
automation of manufacturing and industrial
activities, which is enabled by a range of
modern technologies (See Figure 01). These
advancements are causing significant
changes in the manufacturing sector and
can bring new investment and increased
employment opportunities in cities. The

technological shift is allowing for new
ways of organizing production, from mass
production to just in-time and make-toorder modes. Many industrial processes are
evolving from polluting and noisy practices
to cleaner and more sustainable processes.
This evolution is also linked to a shift from
a demand for unskilled, inexpensive labor
to a growing need for an educated and
specialized workforce (Hatuka 2017).

Many new planning models are emerging,
for example the ‘15-minute city’ proposed
for Paris (see Figure 02) and other cities,
which requires minimal travel among
housing, offices, restaurants, parks,
hospitals, and cultural venues (L. B. Sulllivan
2020). Cities in Sweden are going further
and proposing a ‘one-minute city’ concept
that revolves around the principles of
proximity and localism (See Figure 03)

Figure 01:
Industry 4.0

The ability to live and work in close
proximity is also receiving more attention,
as planning to segregate work and living
zones has led to long commute times. In
addition, providing proximity for firms in
the same or related industries improves
access to skilled workers, suppliers and
customers, as well as the institutions that
support them (Hatuka 2017). The concept
of localism is bringing manufacturing
back to city centers, and has increased
the importance of community and place
for manufacturers. Finally, our collective
experience of Covid-19 has made clear the
need for urban planning models that are
resilient and sustainable.

(Sullivan 2021). Amid these new urban
planning models and policies, it is useful
to consider places of production and their
contemporary relationship with cities, and
to reevaluate their role, including how to
reintegrate them into the urban fabric.
The proximity of industries to markets,
city centers and residential areas is an
important consideration for getting goods
to consumers, and for providing sustainable
walk-to-work options, which further
advance urban livability. There may also
be value in creating a sense of community
and social relationships between places of
production and dwelling.
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APPROACH

Figure 02:

15-minute city, Paris (Source: Carlos Moreno)
Source: (Moreno 2020)

This research investigates the new
spectrum of production and how it can be
integrated with commercial, residential
and other uses in mixed-use buildings. The
study looks at various challenges associated
with keeping places of production away
from cities such as environmental issues
(climate change) (Dews, 2019), and
impacts of the Covid-19 pandemic (PWC,
2021) as well as issues pertaining to
introducing manufacturing into cities,
including spatial considerations (zoning).
This investigation involves learning from
the past, understanding current trends,
and identifying policies that will enable
production spaces to again be integrated
into diverse urban environments. The
work will also describe new production
typologies, and how these may best fit
within a city.
The methodology in the research can be
summarized around three main themes:
past, present, and future. Specifically, this
work proposes the following:
•

•
Figure 03:

One-minute city, Sweden (Source: ArkDes)
Source: (Sullivan 2021)

•

•

New Models of Production

Learn from past examples when cities
were hubs of production, industries were
connected to daily life for workers, and
the places of production and residences
were in close proximity.
Identify successful current examples
of mixed-use buildings with industrial/
manufacturing uses.
Analyze the current trends and needs
through understanding new methods of
production.
Explore future opportunities for

•

industry amidst the ongoing digital
evolution.
Suggest policy strategies to integrate
manufacturing into cities.

FINDINGS
This research identified historical examples
of cities that had vertical factories, or
industrial mixed-use buildings situated
within the city with workers living nearby.
For example, the Highland Park Ford Plant
used elevators to link several stories of
assembly lines, setting a new template for
manufacturing (Quinn Evans Architects
2013) (Rappaport 2017). The Van der
Vlugt’s Van Nelle tobacco factory in
Rotterdam consisted of eight floors that
were designed to provide flexibility so that
machinery could be moved as needed
(Rappaport, Nina 2016). The garment
district in New York had an enormous
network of small-batch manufacturing
floors spread across the neighborhood
(Gotham Center n.d.), and the Bombay
textile mills where people working at the
mills lived within walking distance of them
(Patel 2019). Additional examples include
SoHo in New York (Lofts 2010), lightindustrial vertical manufacturing in Paris
(Glynn 2001) , watch-making production
spaces of Switzerland (DW 2021) and
factories in Hong Kong (Rappaport, Nina
2016). Although these production facilities
faced challenges associated with workplace
safety and health, especially by today’s
standards, they represent a rich history of
people working and living in close proximity,
and how they shaped the identities for
many cities that were associated with their
industries.
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Figure 04:

The Highland Park Ford Plant (Source: WTTW)
Reference: (wttw 2021)

Figure 10:
Figure 07:

Van der Vlugt’s Van Nelle tobacco factory in
Rotterdam
(Source: Architectural Record)
Reference: (Stephens 2016)

Watch-making production spaces of Switzerland
(Source: Musee International d’Horlogerie)
Reference: (d’horlogerie 2018)

Figure 13:

Factories in Hong Kong
(Source: Wikipedia)
Reference: (Wikipedia 2021)

Figure 11:

Brooklyn Navy Yard in New York
(Source: David Sundberg)
Reference: (Maggiora 2019)

Figure 05:

Garment district in New York (Source: Kim Bhasin)
Reference: (Bhasin 2015)

Figure 06:

SoHo in New York (Source: Soho Lofts)
Reference: (Lofts 2010)
New Models of Production

Figure 08:

Figure 14:

Bombay textile mills (Source: Anjali Tiru)
Reference: (Tiru 2018)

Figure 09:

Light-industrial vertical manufacturing in Paris
(Hôtels Industriels) (Source: EUMies Award)
Reference: (EUMies Award 2021)

‘L-148’ production facility in China
(Source: But-Sou Lai)
Reference: (Welch 2020)

Figure 12:

Residential and light-industrial mixed-use building
Strathconia Village in Vancouver (Source: Ema Peter)
Reference: (DiPasquale 2019)

Figure 15:

TechShop (Source: Elizabeth Doyle)
Reference: (Doyle 2016)
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Looking to contemporary cities, we see new
models that demonstrate how to integrate
manufacturing with other activities, for
example at the Brooklyn Navy Yard in New
York (Reader 2019). The ‘L-148’ production
facility in China, for the clothing label
Lafayette 148, with its design based on
the flow of production, from conception
to shipment of the final product (Mehrdad
Hadighi 2018). Other examples include the
residential and light-industrial mixed-use
building in Strathconia Village in Vancouver
(Design Quarterly 2019), and the TechShop,
a large do-it-yourself workshop in Detroit
(PR Newswire 2010). For more examples,
exploring social media using tags such as
#futuremanufacturing, leads to a wealth of
innovative and creative spaces worldwide.
In order to expand and scale these models,
our concept of manufacturing must be
updated to include a vast new array of
production activities. A partial list might

Food
Urban Agriculture
Cloud Kitchen
Product Design
Testing Kitchens
Small-batch manufacturing

Entrepreneurship
Maker spaces/Fab Labs
Innovation Labs
Knowledge centers
Research Centers
Workshop spaces
Flex Buildings
Small-batch manufacturing

include: urban agriculture (McDonough
2014), ‘cloud’ kitchens (Colpaart 2019),
food sector product design, digital
manufacturing (Boulay 2019), small
medical R&D centers, maker spaces and
fabrication labs (FAB9 2018), innovation
labs, entrepreneurship centers, smallscale energy production, on-demand
manufacturing (Dame 2018), and instore manufacturing (See Figure 16).
While additional categories of production
typologies exist, common to this new
spectrum of uses is the small size of
production spaces, the large range of
products, and also redefining production to
not always be limited to physical products,
but also to include the emerging experience
economy associated with manufacturing
in cities (Roner 2012). Such manufacturing
products will be hugely individualized and
linked with high-quality services to create
innovative hybrid products (New European
Economy 2021).

Digital
Data centers
Digital manufacturing
and design

Energy
Solar energy
Small-batch manufacturing

Medical
Small-batch factories
R&D centers

Retail
On-demand manufacturing
In-store manufacturing
Pop-up Stores

ENVISIONING INTEGRATION
OF INDUSTRY 4.0 IN AN URBAN
CENTER
Providing an example for how production
spaces integrated in mixed use buildings
can be a beneficial envisioning exercise.
Let’s say an urban-dwelling couple has
identified a demand for up-scale coffee, and
they want to open a coffee roastery in their
neighborhood, pursuing a life-long dream
of owning a coffee business. How would
they proceed, and what innovations does
the Industry 4.0 model integrated within
urban environment offer them?
A first step would be to develop a business
plan. In the Industry 4.0 model, they could
utilize a local knowledge center where they
could meet mentors who could help them
to test and develop their ideas. They take
advantage of this resource and quickly write
a business plan, which they use to obtain a
loan.
They next need to identify sources for raw
coffee and a space to operate. They discover
a manufacturer who imports coffee
from around the world, with many small
distribution centers including one in their
neighborhood. A building nearby recently
advertised a commercial space for lease,
with a transparent facade, high ceilings, and
with many utilities that would be required
for a small-batch production facility. They
sign the lease, and a month later all the
required equipment has been delivered and
installed.

They work with friends and their
professional networks to find a sustainable
package design company to create branding
and a marketing strategy. They hire three
people they met at a coffee roasting and
production workshop (San Franciscan
Roaster 2019). Soon the roasting business is
open and getting online orders. They set up
an account with a local smart distribution
center (See Figure 17).
While this is simply a hypothetical example,
we can easily imagine this taking place in
the same neighborhood, or even in the
same building, where our hypothetical
couple lives. In this model, mixed-use
buildings with production spaces can
create a network connecting places to
live and work (See Figure 18). Factories
may no longer be relegated to the exurbs,
but instead can be connected in locally
based peer-to-peer networks. Suppliers,
manufacturers and customers may again be
brought together following this new model
(New European Economy 2021).

Figure 16:

New array of production
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CONCLUSIONS
These findings illustrate new production
models for multiple sectors, including
food, digital, entrepreneurship, medical,
energy and retail; they also suggest a need
to broaden our definition of industrial
production. Such a revised definition would
consider the trend towards downscaling
many manufacturing spaces, and their
integration with other urban activities.
Mixed-use buildings can integrate
manufacturing uses as new ways of
production have become easy, fast, and
customized. In summary, this research leads
us to the following conclusions and policy
goals:
Figure 17:

•

Steps to open a coffee roastery business

•

Support the downscaling of production
spaces in urban spaces, as industries
of the future will become increasingly
interoperable, modular, self-adapting,
decentralized and work in real-time.
The categorization of manufacturing
(for example, in the North American
Industry Classification System) must
be inclusive of emerging typologies in
order to accommodate technological
advancements, and should reconsider
the future of urban manufacturing.

•

•

Many new typologies should be
considered as blended uses — physically
and functionally integrated with
residential, commercial and other uses.
The integration within the urban fabric
should be a multi-layered approach
involving policies, zoning, land use,
building use and design.
Manufacturing should be an anchor, so
that other uses can be built on it, with
tailored design solutions that support
the cohesive functionality of these
integrated uses.

NEXT STEPS
For those of us in the design professions,
we can advocate and provide thought
leadership on this topic, and inform the
design of mixed-use buildings, districts,
workplaces and retail spaces. Designers
may also propose solutions, for example,
prototypes for mixed-use buildings that
host manufacturing combined with
residential, commercial, institutional, and
other uses. Finally, these perspectives are
likely to open new business opportunities
to tap into designing and developing spaces
based on emerging Industry 4.0 paradigms.

Figure 18:

Network of mixed-use buildings with production spaces
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ABSTRACT

CONTEXT

The Dallas Fort Worth (DFW) metroplex
has recently seen many corporations
with thousands of employees establish
new offices or relocate to the area. It is
not apparent whether these companies
generally consider carbon emissions that
result from employee commutes in the
selection of office locations. The goal of
this study is to provide information about
impacts that corporate office moves have
on the environment and the surrounding
community, and to better inform decisions
about office locations and policies. Using
CRTKL’s Dallas office as a case study, this
study conducted a survey of the office
staff to understand commuting habits, and
then applied standard factors to calculate
a commuting carbon baseline. Using
this baseline, the authors analyzed three
scenarios to understand how company
decisions may impact GHG emissions, both
positively and negatively. These scenarios
included a flexible work-from-home
model, a transit option, and an office move
from downtown to a suburban location.
Results show that flexible work and transit
scenarios yield similar impacts in carbon
emissions, with reductions of 59% and 60%
respectively. Conversely, an office move
to the edge of a metroplex will have an
enormous impact on carbon emissions and
commuting time, in this example as much
as eight-fold when compared to an urban
location. Finally, we applied these results to
a set of large companies in the DFW area
to understand how adopting these ideas at
scale may have broader impacts.

American novelist and conservationist
Wendell Berry wrote that “the Earth is
what we all have in common.” Considering
the Earth as our environment — the air we
breathe, along with the water and the land
that sustain us — we share a common duty
in its protection. The consensus among
climate scientists is that human activity,
with the cumulative release of greenhouse
gas emissions over the past century, is the
primary cause of climate change, perhaps
the greatest environmental threat we face
today.
Climate change is causing global and
regional changes in climate patterns and
temperatures, rising sea levels and wildfires.
Officials in Dallas, Texas, predict that by
2050 the city will experience a five-degree
increase in mean temperature during
summer months (Dallas with AECOM 2020).
At a time when current temperatures in
the summer are already uncomfortable,
this would add another 30 to 60 days of
temperatures exceeding 100 degrees.
Contributors to GHG Emissions - 2015 Dallas GHG Report

1% Water Sector

64%
Buildings
& Energy

Figure 01:

35%
Transportation

Dallas Contributors to GHG Emissions (2015)

A 2015 inventory of greenhouse gas
(GHG) emissions in Dallas puts the causes
of emissions into three categories: (1)
buildings and energy, which contribute 64%
of total GHGs; (2) transportation at 35%;
and (3) waste that contributes just over 1%
(Dallas with AECOM 2020). Looking deeper
into transportation, Dallas officials report
that 98% of GHG emissions come from
on-road transportation, that 72% of Dallas
drivers are in single-occupant vehicles, and

Transportation Trends - Dallas (2018)

1.9% Walk
3.8% Transit
0.3% Bicycle
4.87% Telework

76.8% Drive to
Work Alone

23.2%
Carpool

Figure 03:

Dallas Transportation Trend Analysis (2018)

Transportation Sector - Emission Sources

1% Railing

99% On Road Vehicles

Figure 02:

Emission Contributor- Transportation

that only 23% make up carpool drivers
(Dallas with AECOM 2020). Without
changes to the status quo, the city expects
an increase of 39% of GHG emissions from
transportation alone by 2050 (Dallas with
AECOM 2020).
In 2019, the Dallas Fort Worth (DFW) area
also saw the highest growth in population
of any other county in the U.S., with
130,100 new residents and over 81,800 new
jobs (Bradford 2020).

In the last three years, Dallas has seen
many corporations with large numbers of
employees establish new offices or relocate
to the area. In addition to this growth,
corporate office moves have significant
impacts on energy, carbon emissions
and commuting hours. In 2017 and 2018
alone, there were 91 announcements of
relocations or expansions to the DFW
metroplex (9,286 square miles), often in
suburban environments (Dallas Regional
Chamber 2019).
What decisions would lead a company
to move to suburban Plano, rather than
Dallas? Did the company consider the
additional carbon emissions, and hours
spent by employees in their commutes, that
come with moving to a suburban location
lacking public transit? These are important
questions that companies should consider
when making such decisions, and these are
the questions that motivated this study.
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APPROACH
As designers and architects, we hold
responsibility for the spaces and buildings
we design. However, as many architects
have focused on the sustainability of design
decisions, this study seeks to engage a
larger audience, with a broad focus on large
corporations and transportation. With
a significant share of emissions coming
from transportation, it will be important
to identify and compare strategies that
will be needed to reduce the GHGs caused
by commuting. The goal of this study is
to provide information about impacts
that corporate office moves have on
the environment and the surrounding
community, and to better inform decisions
about office locations and policies.
Using CRTKL’s Dallas office as a case
study, we surveyed our fellow coworkers
to understand their commuting habits,
and then applied guidelines from FTA to
calculate the related carbon baseline. We
solicited information from CRTKL’s Dallas
employees using a commuting survey, and
received responses from 17% of this group.
Survey questions included the following:
home address (or postal codes), status
during the Callison-RTKL merger, whether
this influenced them to move, and what
mode of transportation they use to get
to work. (Although the merger from the
Callison office to the RTKL office was only
three city blocks, and not likely to trigger a
move, we deemed this to be an important
question.)

We used the home locations and modes
of transportation to establish a baseline
average for the carbon emitted per year
and applied this average to the rest of the
office. To calculate our carbon emissions,
we used data from the U.S. Federal Transit
Administration (FTA), with the average
passenger car at 0.96 pounds of carbon per
mile. We accounted for the employees who
use the light rail system at 0.36 pounds of
carbon per mile, also per FTA estimates
(FTA 2010).
Using this baseline, we then analyzed three
scenarios to understand how company
decisions may impact GHG emissions.
These scenarios included a flexible workfrom-home model, a transit option, and an
office move from downtown to a suburban
location. Finally, we applied these results
to a set of large companies in the DFW
metroplex to understand how adopting
these ideas at scale may have broader
impacts.

FINDINGS

Below we summarize the three scenarios,
with the results of our analysis and the
scaling-up exercise. The baseline for
comparison is based on commuting
patterns prior to the Covid-19 pandemic
changes, when the average employee
commuted 5,095 miles per year, which
results in 4,626 pounds of carbon. The
commutes varied from 4 to 58 miles per
day. (For comparison, the average American
travels approximately 10,900 miles in a
year for all trips, not just work commute.)
From our sample of 28 survey respondents
most people drive, four use public transit,
two use mixed mode driving/transit, and
one uses mixed mode driving/biking. The
average employee spends 35 minutes
commuting per day. Using the 5,095 mile
per year average and applying this across all
167 CRTKL Dallas employees, we estimate
that our office emits 772,542 pounds of
carbon per year commuting to the office.
This number compounds greatly when we
consider a five-year lease (1,752MTCO2e)
and a ten-year lease (3,504MTCO2e),
demonstrating that small decisions have
significant long-term impacts. For context,
the amount of carbon expended in a year
by all CRTKL Dallas commuters would take
approximately 25,000 trees to offset, or
approximately 0.20 square miles of forest
land.

Figure 05:

Baseline Commute Routes

SCENARIO 1: FLEXIBLE WORKFROM-HOME MODEL
With the Covid-19 pandemic overturning
typical office practices, commuting miles
traveled have been drastically reduced
as during much of 2020 people did not
commute to an office location. There has
been heavy discussion among companies,
including our own, about maintaining
flexible or hybrid work modes into the
future. For our first scenario, we assume
that all employees would commute to
the office only two days per week, and
working from home the other three days.
By eliminating three days of driving to the
office per week, we reduced our carbon
emissions by 59%. Using the equivalent of
trees as carbon offsets again, this flexible
work scenario reduces the 25,000 trees
required under our baseline down to around
10,200 trees.

Figure 04:

Base Map – Dallas Office Employee Locations
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SCENARIO 2: ALL PUBLIC TRANSIT
BY LIGHT-RAIL OR TRAIN
The baseline study revealed that few people
in the Dallas office are taking advantage
of public transit, and we factored this into
our average carbon footprint calculation.
While the Dallas light rail system is electric,
it still results in GHG emissions. Using
FTA data for light rail systems of 0.36
pounds of carbon per mile, compared to
0.96 for a personal vehicle, we see that
if all employees took public transit to
work, we could potentially reduce our
carbon emissions by 60%. This reduction
is similar in impact to the flexible work
model described above. While finding a
way for all employees to take public transit
in a city like Dallas feels like attempting a
moonshot, switching to a flexible work from
home schedule now seems less radical than
it might have a year ago. (An investigation
of post-pandemic flexible work models is
also included in this edition of the CRTKL
Research Journal.)

SCENARIO 3: OFFICE MOVE TO
OUTLYING SUBURB
Dallas is not known for its public transit
system, however, we learned that some
CRTKL employees do use it. Also, with a
central office location, many employees
have short driving commutes, and
approximately 30% live within five miles
of the Dallas office, well within bicycle
distance for many people. The suburb of
Plano has seen growth in the last decade,
and the lack of public transportation will
have great impacts on carbon emissions for
companies located there. For this scenario,
we studied the result of a hypothetical

CRTKL office move to McKinney, 33 miles
north, with employees commuting from
their current residences and no longer
taking public transit, walking or biking.
Under this scenario our carbon emissions
would increase tremendously, by 868%.
The result is collective 7,481,084 pounds of
carbon in a year requiring 241,300 trees to
offset. This scenario will also increase the
time spent commuting by a factor of two.
This result demonstrates how important
company decisions are, and the significant
impacts of suburban office sprawl on both
GHG impacts and commuting hours spent.
(One caveat is that in this scenario, some
employees might move closer to the office
or decide to carpool.)

and how their decisions impact local
and global environmental concerns. If
CRTKL, along with these eight neighboring
corporations, would adopt a flexible work
mode with two days a week in the office,
we would reduce the total annual carbon
footprint by 70,900 MTCO2e. Over the
course of a 10-year lease, this would
yield a reduction of 709,000 MTCO2e.
We note that CRTKL’s baseline average
commute is not typical due to its central
city location. In fact, in this cohort of eight
corporations, only one is located in the city
center, therefore we consider this to be a
conservative estimate.

SCALING UP: EXTENDING TO
EIGHT ADDITIONAL LARGE
CORPORATIONS

This study shows the scale at which a
company’s decisions or policies can impact
the environment. It is noteworthy that
Scenario 1 (flexible work) and Scenario 2
(transit) have similar impacts in carbon
emissions, with reductions of 59% and 60%
respectively. Conversely, an office move
to the edge of a metroplex will have an
enormous impact on carbon emissions and
commuting time, in this example as much
as eight-fold when compared to an urban
location.

Next, we wanted to explore the impacts of
scaling up these scenarios to some of the
largest companies that have called DFW
home. We identified eight companies with
a work force of over 1,000 employees each
that within the last three years, publicly
announced a relocation from another
city, a renewal or a relocation within the
DFW metroplex as well as the associated
headcount. We applied CRTKL’s average
commute emissions to the employee
counts of each corporation to get a deeper
understanding of aggregation and impact.
Between our three scenarios, we see annual
carbon emissions ranging between 23,700
(Scenario 1) and 2,658,500 (Scenario 3)
metric tons of carbon (MTCO2e). This
demonstrates the leverage to be gained by
companies with larger employee counts,

CONCLUSIONS

We also observed the challenge of
public transportation participation, even
considering that our office is within walking
distance from a light rail stop. We were also
surprised and optimistic to see how many
people lived within a 20-minute car drive of
the office, while not using transit, have the
framework in place to increase other modes
of transportation. While barriers to transit

use exist in cities like Dallas, corporations
can alleviate the strain on the public transit
system by adopting better real estate and
density practices along with providing
better incentivization programs such as
transit passes or reimbursement at a cost
savings to parking, and adding showers in
offices in order to promote biking to work.
By scaling the carbon-saving Scenarios 1
and 2 to a set of larger companies with
1,000 to 5,000 employees, a two-day
workweek has a much larger reduction,
with a 75% reduction compared to 62% for
the public transit mode. This exercise also
shows that the impact of such decisions
is proportional to the size of a company,
and that our advocacy should begin by
influencing larger firms and organizations.
If just these nine corporations in our study
would adopt the flexible work scenario,
we would meet 3% of the GHG reductions
outlined in the Dallas Climate Change
Action Plan. Furthermore, if 250+ large
corporations made this commitment, we
could fully meet the reduction goal by
transportation and work commutes alone,
according to our estimates. With such direct
access to large audiences, their workforces,
corporations have a great opportunity
to play a role in rapidly reducing carbon
emissions and impacting human behavior.
We are currently participating in a massive
experiment on work behavior due to the
Covid-19 pandemic. With the decision in
March 2020 to close CRTKL’s office, we
prevented approximately 710,700 pounds
of carbon from entering our atmosphere.

CRTKL RESEARCH MICROGRANT JOURNAL | 93

Although this experiment was forced upon
us all, we can learn during this challenging
time, and potentially make changes that
will increase long-term resiliency and
improve our climate future. For many
business managers, such a change would
have seemed too large of a step for the sake

of climate change alone. But with many
companies seeing continued productivity,
even with employees working from home,
this forced shift has likely changed a few
minds about what is possible.

NEXT STEPS
Considering this small sample size, a next
step would be to gather more data to
improve the accuracy of our estimates. We
could also study the behavior of employees
after they reach the office, as they drive,
walk or otherwise move between meetings
and other activities (for example, how many
drive to lunch in suburban locations). This
data might be gathered easily if calendar
data could be shared with the research
team, and these additional findings could
be factored into total transportation related
GHG emissions.

The renewal of CRTKL’s Dallas office lease
also offers a unique opportunity to consider
the scenarios outlined above, in order to
derive equal benefits to both employees
and the environment. We are particularly
hopeful about the impact a flexible work
week could have on both.
Finally, a next step would be to measure
the actual impacts during the Covid-19
pandemic in terms of commuting times
and carbon emissions, while addressing the
impact of individual behavior, for example,
the thresholds that would trigger people to
move for work, either within or to a city.

Establishing a transportation carbon
baseline with reduction targets for
our office is a step towards measuring
and tracking progress to our corporate
responsibility and sustainability targets. In
addition, measuring operational energy use
and the embodied carbon of our physical
work environments can inform the creation
of a comprehensive sustainability plan.

Figure 06:

Research Finding Comparisons
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Figure 01: A view of the Dubai skyline on a hot hazy day. Dubai
experienced a building boom in the late 1990’s/early 2000’s prior to the
2008 recession.

THERMAL COMFORT IN
DUBAI’S NEW RETAIL
ENVIRONMENTS
A look at the design of outdoor urban
environments in the context of the local
climate.

KHALID AL-TAMIMI
DUBAI
Research Advisors: Sarah Wicker, Sam Coats & Jake Vacek
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ABSTRACT
The goal of this study is to formulate
climatically responsive design approaches
for open-air retail developments in Dubai,
a rapidly evolving city with a particularly
challenging hot and humid climate. This
research begins with an overview of
human thermal comfort and a literature
review of studies offering strategies for
providing comfort in outdoor public spaces
in hot climates. The study then provides
an in-depth look at Dubai’s climate and
compares it against three other cities with
hot climates: Hong Kong, Phoenix and
Singapore. The paper describes qualities the
public realm of such destinations should
possess to respond to harsh climates. The
paper also investigates case studies of
outdoor retail urban destinations from the
three comparison cities to find relevant
design architypes, and these comparisons
reveal a lack of adequate climate
design interventions in Dubai’s open-air
destinations. Finally, the authors suggest
that design professionals should look
further into existing and new design ideas
and processes in order to mitigate Dubai’s
harsh summer weather, and to help these
urban spaces to be actively used all year
round.

BACKGROUND
Over the past few years, various retail
trends have emerged in the United
Arab Emirates and the Persian Gulf
region at large. Dubai has always set
out to be a unique tourist destination,
successfully attracting more than 15

Thermal Comfort in Dubai’s New Retail Environments

million international visitors annually
(Dubai Tourism 2020) and a hub for global
business, adopting a globalized approach
across all business sectors. Among these
sectors are the retail and food and beverage
divisions, which underwent a rigorous
transformation over the past decade.
Known for its world-class malls, home to
the “world’s biggest mall by land area”
(Baker, 2019), and world-record-breaking
experiences, the city is still booming with
new and upcoming retail centers.
Trends from across the globe were adopted
to grow this competitive market, with
the most common competitor being the
open-air mall. These outdoor-oriented
destinations were mainly commissioned by
a government-supported developer, Meraas,
with a mission to transform the city into
a creative, dynamic and open place. The
growth of these destinations came from a
desire to bring new concepts to the city that
would allow people to escape indoor malls
and enjoy the outdoors more. Surprisingly,
a critical factor that seems to have been
overlooked in this process was the city’s
challenging climate. With average summer
temperatures frequently exceeding 40°C
(104°F) and projected to reach unlivable
conditions by 2100 (Miller 2015), and
with frequent sandstorms and sweltering
humidity levels that pose risk to public
health in the summer, it seems that little
research had been done prior to the design
and implementation of these outdoor
environments.
Dubai’s climate drives residents and
tourists alike to respond in several ways.

Foreign expatriates tend to return home
during summer to avoid the heat of the
harsh hottest months, while local residents
frequently vacation in cooler cities such
as London and Paris, as do other tourists.
Residents who remain through the summer
may shop at indoor malls to minimize
their time outside, leaving the open-air
developments deserted. Small numbers
may endure the high temperatures and
suffocating humidity levels, or alternatively
they stay home considering the few
outdoor activities that can be comfortably
pursued in the summer heat.
As such, the aim of this research is to
investigate how to most effectively
mitigate Dubai’s harsh summer conditions
in outdoor urban retail destinations, and
achieve some level of thermal comfort that
can allow people to enjoy and dwell in these
destinations year-round.

APPROACH
A BRIEF OVERVIEW OF THERMAL
COMFORT SCIENCE
To inform this investigation of thermal
comfort in outdoor spaces, it is important
to define and understand some general
concepts. According to the ASHRAE
Standard 55, Thermal Environmental
Conditions for Human Occupancy (2017),
thermal comfort is defined as “that state
of mind which expresses satisfaction with
the thermal environment.” In this case,
state of mind would be concerned with
physical, physiological, psychological
inputs along with other factors (Du 2019).
This satisfaction is based on our thermal

interaction with the environment we
are in. Since our bodies have a stable
core temperature of 37°C (89.6°F), the
thermoregulation process, which informs
how we interact thermally with an
environment to ensure the core’s stability,
determines how comfortable we are in a
given environment (Du 2019).
Various models are used to evaluate
thermal comfort, the most commonly
used being the physiologically equivalent
temperature (PET), which is based on the
human body’s thermal balance with the
environment (Lai et al. 2020). Numerous
factors inform our thermal comfort
response, and these can be divided into two
groups: direct and indirect (Lai et al. 2020).
Based on thermal comfort reseach, direct
influences include the basic environmental
variables that impact thermal comfort:
•
•
•
•

Air temperature
Radiant temperature
Air movement
Humidity

Indirect influences on the other hand,
include the following:
•
•
•
•
•
•
•

Behavioral
Personal (such as clothing)
Social
Cultural factors
Thermal history
Site
Alliesthesia (dynamic changes in
thermal perception)

CRTKL RESEARCH MICROGRANT JOURNAL | 99

All these factors play a role in determining
how comfortable an environment is
perceived to be. For the purposes of this
study, only the direct influences will be
considered. Finally, we will be guided by
indoor thermal comfort studies, which
are typically applied in outdoor thermal
comfort evaluations, according to Xiaoyu
Du (2019).

PARAMETERS FOR THERMAL
COMFORT IN OUTDOOR
ENVIRONMENTS
Designing comfortable outdoor spaces is
a critical challenge facing urban designers
and planners alike, considering the
complexity of such environments and the
many factors to be taken into account when
measuring thermal comfort, as noted on
the previous page (Du 2019).
Using research on urban design approaches
that impact outdoor thermal comfort,
we can compile a preliminary list of
parameters to apply to case studies. For
example, one study considered various
urban design features, and identified
the impact of various parameters on
pedestrian thermal comfort, using multiple
computational tools to simulate and vary
the climatic models on a public square and
an internal courtyard (Chatzidimitrioua
and Yannas 2016). The authors note that
the “built form and street geometry, trees,
vegetation, water elements and pavement
materials, shape the microclimates of open
spaces and influence pedestrian thermal
comfort.” They further note that during
“daytime the most effective measure for
improving thermal comfort in both square
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and courtyard is to have maximum cover
by trees. Water surfaces, wet soil, grass
and shading canopies are the next best
options resulting in varying PET reductions
in square and courtyard.” However, at
night, openness to the sky was critical to
allow for heat dissipation, as such it was
ideal to reduce sun exposure to open
areas to reduce heat gain (Ibid.). Some of
these findings are also validated by the
observations by Yang et al. (2013) and also
that seeking shade was the most common
method for people to adapt, considering
that solar radiation had the most significant
impact on their comfort. The study further
notes that people can withstand larger
climatic variation outdoors when given the
mean to adapt to its changing qualities.
Finally, it is worth noting that many studies
do not factor in humidity, and cite it as
having low influence on thermal comfort,
however, Dayi Lai does mention that under
high temperatures, humidity is “perceived
as the most unpleasant parameter” (2020).
As such, it can be deduced that high
humidity levels can significantly impact
thermal comfort in hot climates.
In the next section, we apply these thermal
comfort parameters to a comparison of
climate conditions, and we use them later
as guidelines for a study of select case
studies.

COMPARISON OF DUBAI’S CLIMATE
WITH THREE BENCHMARK CITIES
The climate of the coastal city of Dubai is
characterized as a hot desert climate (Fig.
1). Although this characterization is shared
with other gulf cities, Dubai’s geographic

position along the gulf coast leads to
intolerable comfort conditions in summer
due to high humidity, a characteristic other
cities such as Riyadh in Saudi Arabia do not
have.
To further understand the implications of
humidity, three cities with generally hot
and/or muggy conditions were selected for
comparison, and to identify benchmarks on
which thermal comfort could be studied.
These cities are: Phoenix (a hot desert
climate), Singapore (a tropical climate) and
Hong Kong (a sub-tropical climate).

Average High and Low Temperature

Figure 02:

Average high and low temperatures across the
4 cities. Dubai and Phoenix lead the chart with
temperatures exceeding 40oC/ 104F between June
and August.
Source: Weather Spark, 2021

Figures 2 to 7 provide graphical
visualizations of the climate characteristics
of all four cities. Based on the information
presented, the results were tabulated and
compared on the next page (Table 1).
The focus of this research is the summer
months from early June to the end of
September.
Looking first at temperatures (Fig. 2) we
see that annual variations of the average
temperatures in Dubai and Phoenix are
higher than in Singapore and Hong Kong,
and also have a wider gap between the
daily average highs and lows. Singapore
and Hong Kong have average high
temperatures around 30°C (86°F) while
in Dubai and Phoenix average highs can
exceed 40°C (104°F).
We are also informed by graphs (Fig. 3)
showing the daily temperature patterns in
the four cities, showing that both Dubai and
Phoenix have hot and sometimes sweltering
conditions even at night, unlike Singapore
or Hong Kong with typically hot or warm
conditions.

Figure 03:

Average hourly temperature highlighting the period
of unbearable weather within the cities.
Source: Weather Spark, 2021
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Chance of Clearer Skies

Radiant temperature is influenced by
cloud cover, and trends are illustrated in
the average cloud coverage charts for
these cities (Fig. 4). Dubai and Phoenix are
characterized by hot desert climates with
clearer skies and lower annual rainfall;
however, they also experience haze and
sandstorms which may cause lower air
clarity levels during summer. Hong Kong
has cloud coverage similar to Singapore
during the summer months. Singapore,
being in a tropical zone, experiences
frequent rainfall and cloud cover.
Another thermal comfort factor to consider
is the average wind speed. We see in that
on average, Hong Kong is the windiest city
of these four, followed by Dubai (Fig. 5).
Singapore experiences more fluctuations
while Phoenix has a more consistent
average wind speed throughout the year.
This chart may also suggest the frequency
of the sandstorms both Phoenix and Dubai
are subject to, with Dubai likely having more
sandstorms during summer.
Humidity may have significant comfort
impacts in summer for many of these
cities. Figure 6 compares the likelihood
of muggy conditions for all four cities
throughout the year, while Figure 7 shows
the daily conditions for each city. We
see that Singapore is typically muggy
throughout the year, while Hong Kong
and Dubai have muggy conditions mainly
in summer, with Phoenix experiencing the
lowest percentage of muggy conditions
and enjoying a drier climate. However,
these graphs do not highlight the impact of
temperatures beyond 24°C (77°F).
Thermal Comfort in Dubai’s New Retail Environments

Figure 04:

The graph highlights the chances of clear skies.
Singapore being the cloudiest city considering its
tropical climate.
Source: Weather Spark, 2021

Dubai

Phoenix

Singapore

Hong Kong

Average Wind Speed

Figure 07:

Figure 05:

Wind plays an important role in determining
thermal comfort levels. This graph illustrates the
average wind speed in each city. Hong Kong being
the windiest of the case study cities.
Source: Weather Spark, 2021
Chance of Muggy Conditions

The graphs in this figure highlight humidity relative to temperature. However, these do fail to identify how
harsh the conditions are in Dubai since the scale deems humidity levels with a temperature above 24°C/ 77°F as
miserable conditions. Dubai’s temperature exceeds 104°F in Summer which would likely need a category of its
own on this scale.
Source: Weather Spark, 2021

AVERAGE

DUBAI

PHOENIX

HONG KONG

SINGAPORE

TEMP

41°C

41°C

32°C

32°C

WIND

11.1 kph

9.2 kph

14.7 kph

8.3 kph

MUGGY %

90%

24%

90%

100%

Table 01:

Average thermal conditions in Dubai, Phoenix, Hong Kong, Singapore.

Figure 06:

Muggy conditions relate to humidity levels but
do not highlight their relation to temperature.
While Singapore is muggy throughout, its average
temperature doesn’t result in unbearable thermal
conditions unlike Dubai.
Source: Weather Spark, 2021

With average summer high temperatures
of 30°C (86°F) in both Hong Kong and
Singapore, the conditions are likely to
be more bearable than in Dubai, with an
average summer high of 40°C (104°F).

These climate variables can be tabulated
to provide a comprehensive look at the
conditions each of these cities is subjected
to. Table 1 highlights the key climate values
in summer between June and September.
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OBSERVATIONS
This section considers the three case
studies, based on plans and observations
from a site visit to Dubai, and using site
plans and available photos for the other
sites.

CITY WALK

Figure 08:

A map of Dubai highlighting the key outdoor destinations across the city.

SELECTION OF OUTDOOR
CASE STUDIES IN DUBAI AND
BENCHMARK CITIES
A building frenzy of open-air retail and food
and beverage (F&B) developments took
Dubai by storm over the past decade. This
began with the downtown Burj Khalifa,
The Beach, Box Park and City Walk Phase
One developments, followed by additional
expansions and other developments.
This study mapped 13 locations (Fig.
8) that may be considered to be mainly
outdoor destinations featuring a high
concentration of retail and F&B businesses.
For the selection of case studies, the
following parameters were considered: (1)
accessibility; (2) mix of tenants; (3) public
features that encourage spending time
outdoors; and (4) integration with the city
fabric.

Thermal Comfort in Dubai’s New Retail Environments

Per these parameters, City Walk Phases
One and Two were found to be the most
ideal case study area in Dubai. Both feature
significant public outdoor areas, they
are incorporated in a neighborhood, and
feature a high concentration of restaurants.
Clarke Quay in Singapore and Biltmore
Fashion Park in Phoenix were identified as
useful benchmarks, based on their design
approaches being dominantly open-air, their
popularity and having programs similar
to City Walk. (The study did not identify a
comparable development in Hong Kong
for analysis. While the city was considered
in the climate analysis to highlight a
humidity issue, integrated shopping and
dining destinations with public spaces were
very limited, with city developers favoring
indoor shopping centers, an approach Dubai
followed during its first building boom to
drive its tourism sector. )

City Walk is a mixed-use neighborhood
featuring an indoor and outdoor mall,
luxury residences, a cinema, a department
store, an arena and most recently a
university campus. Figure 9 shows the
current plan of the commercial area, with
vacant commercial spaces highlighted in
white. Site visit photos in Figures 10 A-D,
show public features of City Walk Phase
One, and Figures 11 A-D show City Walk
Phase Two and the surrounding area.
In both phases of the development, we see
a failure to implement design elements

that could mitigate solar gain, with limited
tree cover, an overwhelming amount of
hardscape, and few canopies and shading
structures that could make the space
more bearable. Phase One successfully
implements some of these strategies along
the main street (Figs. 10A-B), however the
main public area does not. Phase Two does
attempt to resolve this issue by adding jet
fans (Fig. 11D), however the spatial quality
and widths of the main public areas do not
help in funneling the wind through, making
it an expensive and ineffective solution.
In addition, the materials selected are not
responsive to climate conditions, with
mainly dark and shiny surfaces dominating
the ground plane. During the site visit
we observed that the material integrity
of these surfaces has also not fared well
given the local weather conditions. Also,
using dark colors would result in significant
heat gain during the day and thermal reradiation at the night, detracting from the
visitors’ thermal comfort in these spaces.

Figure 09:

A store locator map of City Walk Dubai illustrating the distribution of various shopping and dining outlets.
Worth noting is the number of leased units versus unleased units which help further identify problem areas,
or those with very low footfall.
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BILTMORE FASHION PARK,
PHOENIX
Biltmore Fashion Village is located in
Phoenix, Arizona, and shares a similar
program with that of City Walk. With an
open-air plan, luxury shops and a variety
of dining venues, the destination this hot
desert climate presents an opportunity to
compare thermal comfort strategies in a
public space.
The site plan shows a good balance of
hardscape and softscape with significant
foliage, which provides shade and mitigates

the impact of solar gain throughout the day
(Fig. 12). Loggias and light-colored facades
also contribute to a comfortable customer
experience, while the honed flooring finish
contributes to the overall success of the
public realm by reducing heat gain from
direct sunlight (Figs. 12 A-C).
The comparison is not useful when it
comes to humidity, since Phoenix does not
experience significant humidity levels as in
Dubai, and no clear response to humidity
is needed, or can be observed in the
development.

Figures 10A, B, C & D:

A set of photos from a site visit to Dubai’s City Walk Phase 1. This phase adopts some of the necessary
strategies to improve thermal comfort from softening the edge of the parking and adding canopies to shade
the building strip.

Figures 11A, B, C & D:

A set of photos from a site visit to Dubai’s City Walk Phase 2. Very few thermally responsive design strategies are
observed in the development. An abundance of hardscape and poor shading elements overwhelm the space.

Thermal Comfort in Dubai’s New Retail Environments

Figure 12A:

A masterplan map of Biltmore Fashion Village illustrating the distribution of various shopping and dining
outlets. A good balance between soft and hardscape is evident in the planning.
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CONCLUSIONS

Figure 12B:

Figure 12C:

CLARKE QUAY, SINGAPORE

structures double as jet fans, helping to
cool the space during the hot nights, if
not during the day, as illustrated in figures
13 A-C. Minimal landscape is introduced,
driven perhaps by the development’s
tight planning strategy, while loggia’s
compensate for the lack of open air area in
front of restaurants. Ensuring wind flow
could help mitigate the impact of humidity
on the space, as well as achieve more
adequate thermal comfort levels for the
visitors.

A view from a loggia in Biltmore Fashion Village
showcasing. Loggia’s help in improving thermal
comfort by providing shade and adds to the human
scale friendliness of a building.

Situated along the banks of the Singapore
river, Clarke Quay forms the city’s hub for
night-life. It shares with City Walk many
features identified above, namely its
integration in the historic core, proximity
to public transit hubs and open-air public
areas. However, it differs significantly in
program, with fewer retailers and more
restaurants and nightclubs.
What distinguishes Clarke Quay from City
Walk and Biltmore Fashion Village is its
response to Singapore’s constantly wet and
humid climate. Large canopies cover most
of the internal paths, providing protection
from rain, as well as enclosing the space
to better direct wind flow. The canopy
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A view of the main spine of the Biltmore Fashion
Village showcasing the various design elements
being employed to improve thermal comfort. Light
colored materials, honed finishes, awnings and
ample amounts of vegetation help reduce radiant
heat, limiting heat absorption and thus result in
cooler ground conditions.

Figure 13A:

A view of Clarke Quay at night. Integrated within the
shading structure are large jet fans to help circulate
air to cool down the space. Air movement is an
important factor to consider when high humidity
levels are involved.

Figure 13B:

A view of the central plaza in Clarke Quay. While
Singapore experiences few sunny days, it does
experience frequent rainfall.

Comparing these three case studies and
their respective climates, we see clear
differences that will impact the thermal
comfort of visitors in summer, and perhaps
affecting seasonal use and the general
success of these developments. The urban
design of City Walk clearly lacks in design
elements that could help mitigate some of
the climate issues the city faces. Biltmore
Fashion Park and Clarke Quay, on the other
hand, present more reasonable approaches,
with more intimate pathways, a visible
balance of soft and hardscapes, use of
appropriate materials and incorporation of
passive cooling methods, demonstrating
a clear understanding of best practices for
improving thermal comfort.
Drawing on observations above, it can
be deduced that, unlike Clarke Quay
and Biltmore Fashion Village, City Walk
followed a purely commercially driven
design approach that shares similarities
with those adopted in enclosed shopping
centers. The importance of retail visibility is
evident, with the lack of softscape and built
obstructions. Loggias are not commonly
adopted, and apparently an open-air, streetlike experience is deemed more important
than shading systems that could alleviate
the impact of the harsh summer, making
them more bearable.

Figure 13C:

A view of a corner condition at Clarke Quay. Loggia’s
are an important design aspect that help reduce the
scale of the buildings and allow for more intimate
spaces while providing shade to give people the
opportunity to cool off.

CRTKL RESEARCH MICROGRANT JOURNAL | 109

Given the conclusions presented above,
this report identifies two core issues in the
outdoor urban environments in Dubai:
•

•

These spaces are typically not designed
with sufficient consideration of providing
thermal comfort and responding to the
climate conditions of the city.
Adequate design solutions on ways to
respond to high humidity levels in hot
coastal climates need to be further
explored.

Designers could also look at older parts
of Dubai City to find climate-responsive
approaches to designing publics spaces.
The Al Fahidi Historic District, an older
quarter along the Dubai Creek, features
appropriately scaled spaces, tight alleyways
that funnel air, wind catchers to bring
cooler air from above, and lighter colored
materials to help reflect the heat and
ensure more comfortable conditions at
night.

IMPLICATIONS
DESIGN OPPORTUNITIES AND
POTENTIAL APPROACHES
For professionals designing in Dubai, this
study shows that more work is needed
to study and understand the local design
context, and greater awareness of thermal
comfort and the research available is
required. The case study of City Walk is
a clear demonstration of favoring a predetermined aesthetic over functionality and
human experience. It also implies that the
spaces result from an un-informed design
process. Had these climate conditions been
simulated using computational tools during
design, a more appropriate design outcome
may have resulted, and one based on a
more informed decision-making process.
After all, the tools and data are available,
they only need to be adopted and become a
key part in the design process.

Thermal Comfort in Dubai’s New Retail Environments

Figure 14:

A view from Dubai’s historic Al Fahidi Neighborhood.
Situated along the Dubai creek, the restored
neighborhood provides a glimpse into the life of
the locals prior to the major building boom and
discovery of oil in the country. The tight alleyways,
internal courtyards and wind catchers are all
vernacular elements that contributed in ensuring
bearable thermal conditions in the hot months.

IMPROVING THE PRESENTATION
OF CLIMATE INFORMATION TO
CLIENTS
Creating outdoor spaces has been favored
by many clients in Dubai, yet many
succumb to the challenges the climate
conditions present. For designers and
architects in Dubai, efforts are often
made to present sustainable approaches
that could be incorporated in projects at
early design stages, however these efforts
sometimes fall short. For example, the
common practice of assembling a short
summary of graphs, and/or case studies
from other cities that may share the
same environmental challenges, may not
effectively convey how design approaches
will impact human comfort. Such
references are generally of a hypothetical
nature, lacking in successful local case
studies from which to draw comparisons,
or data-driven research to accurately
compare the projects’ site conditions to the
proposed design solutions. The overarching
goal, after all, is not to only create outdoor
spaces, but also to help reduce the need
for mechanical cooling and make these
spaces more effective. Re-examining how
architects in Dubai present these design
solutions, informed by solid research, could
encourage designers and developers alike
to reconsider how these retail environments
are shaped and improved.

INTRODUCE IN-DEPTH THERMAL
ANALYSIS AS A DESIGN SERVICE
To help raise greater awareness of thermal
comfort and its benefits in Dubai, design
professionals who study the potential
thermal comfort that could be achieved
in outdoor spaces could differentiate
themselves from other firms by introducing
in-depth thermal studies as part of the
design scope. Ensuring high quality
spaces that are human-centric, as well as
responsive to the environment and urban
context, should be part of a design firm’s
core design principles. Adding digital
macroclimate simulations within the scope
of services, explicitly or under the umbrella
of design options or sustainability, could
help to present stronger design arguments
and validate design decisions. Finally, these
approaches could advance sustainable
practices in this region at large.
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NEXT STEPS
ADDITIONAL CASE STUDY
INVESTIGATION AT CITY WALK
To further validate the results presented
in this report, additional studies could
be conducted to inform potential design
interventions at City Walk. For example, one
could digitally simulate the macroclimate
conditions of the site with, and without,
climate design interventions, using
ENVImet software to investigate the impact
of the proposed solutions. Next, one could
use psychometric charts and compare
results using the data obtained from these
simulations. Finally, new insights could
be gained by visits to the site in summer,
surveying and recording observations of
visitors, and using the adaptive approach to
defining thermal comfort.
To support this work, a rigorous
investigation could be proposed to the
owner of the development to obtain
more accurate and relevant data on
which solutions could be devised. The
investigation may also involve installing
sensors to collect physical data about the
site.

Thermal Comfort in Dubai’s New Retail Environments

NEW RESEARCH TOPICS
TO CONSIDER
The City Walk case study presented a
variety of ideas that could be further
investigated in relation to both financial
performance and physical conditions.
Topics such as the ideal program mix of
such developments that would attract more
customers could be studied to improve
the return on investment. Additionally,
looking into materials best suited for such
harsh climates, as well as those which can
contribute to better thermal comfort, could
be further studied — specifically, materials
that could effectively absorb moisture and
dehumidify the ground plane.
The key conclusions of this study are
related to climate and its impact on
outdoor comfort. Looking at current climate
trends, Dubai is expected to face even more
severe conditions due to climate change,
and more applied research and adoption
of existing strategies to improve the city’s
resiliency is needed to guide the current
and next generation of designers to explore
means of addressing climate change, and
to reduce the city’s contribution to overall
global emissions that is driving it.

The overarching goal, after all, is
not to only create outdoor spaces,
but also to help reduce the need for
mechanical cooling and make these
spaces more effective. Re-examining
how architects in Dubai present these
design solutions, informed by solid
research, could encourage designers
and developers alike to reconsider how
these retail environments are shaped
and improved.
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