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INSTITUTIONAL PROFILE
BALL STATE UNIVERSITY
Ball State University, located in Muncie, Indiana, is a student-centered,
community-engaged, and sustainably-focused public research university.
Ball State transforms entrepreneurial learners into impactful leaders committed to improving the quality of life for all.
As an innovative institution, Ball State’s commitment to sustainability
has fueled initiatives in heating/cooling, construction, and community
engagement. Ball State is home to the nation’s largest ground-source,
closed-loop district heating/cooling system, benefiting both the economy
and the environment. In construction, all new campus developments
are required to be LEED certified. In community engagement, Ball State
promotes a diverse range of immersive learning projects throughout the
local community.

COLLEGE OF ARCHITECTURE & PLANNING
The R. Wayne Estonpinal College of Architecture and Planning (CAP) consists
of Architecture, Construction Management, Historic Preservation, Interior
Design, Landscape Architecture, Urban Design, and Urban Planning. CAP
is a professionally grounded college that values community engagement,
interdisciplinary collaboration, sustainability, and innovative and impactful
design through the implementation of design studios, critical practice, and
immersive experiences in both its undergraduate and graduate curricula.
ARCHITECTURE DEPARTMENT: The graduate degree develops a student’s
capacity for creative, cumulative, and critical thinking. With a curriculum
focused on current issues such as sustainability, historic preservation,
digital fabrication and social environmental justice, the program prepares
students to be leaders in the field. Accredited by the National Architectural
Accrediting Board (NAAB), the program is for students who seek
professional licensure.
In addition to a focus in green buildings and energy performance, CAP
houses CERES, the Center for Energy Research/Education/Service, an
interdisciplinary academic support unit focused on issues related to
energy and resource use, as well as alternatives and conservation. CERES
also provides invaluable daylighting and solar shading simulation tools for
design students.
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THESIS ABSTRACT
PROBLEM IDENTIFICATION
The buildings sector accounts for about 76% of electricity use and 40% of all U. S. primary energy
use and associated greenhouse gas emissions.

THESIS QUESTION
Can the improvement of the energy performance of an existing building inform the social,
economic, and environmental sustainability of rehabilitation?

THESIS STATEMENT
Improving a brick masonry envelope and the integration of a photovoltaic system on an existing
building will inform the social, economic, and environmental impact of retrofitting and the
rehabilitation of existing buildings.

PROJECT DESCRIPTION
This thesis demonstrates the value of improved energy performance of existing brick masonry
buildings by establishing a well-developed envelope that keeps the character and history of the
important façades of an existing building. Doing this while also providing a photovoltaic system
on the roof of the building will decrease the amount of energy needed to operate the building.
The building will be a net-zero building, meaning it will produce as much energy as it uses. As
a guideline, Passive House Institute US prescriptive pathway, which is the gold standard for
building performance, and will be used to ensure building performance criteria are being met.
To test this thesis, the design of an existing brick masonry building in downtown Connersville,
Indiana has been rehabilitated into a mixed-use building type. An addition to the building enlarges
the overall footprint of the project while also providing more space for additional photovoltaic
panels on the roof. This also presents the opportunity to balance the existing envelope and the
new envelope’s performance to show how combining the two can decrease the energy usage of
the building as a whole.
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RESEARCH
INTRODUCTION
With over 6 million existing buildings in the
United States alone, buildings consume nearly
40% of our total energy. With an overarching
goal of reducing carbon and greenhouse gas
emissions, not only in the United States but
worldwide, it is essential that we find a way
of reducing our footprint. One way to actively
do this is by retrofitting existing buildings to
improve their building envelopes and systems
being used in the buildings. Improving
these will dramatically lower how much
energy will need to be produced and used
within the buildings, lowering our carbon
and greenhouse gas emission footprint.
This research discusses three main topics:
sustainability and metrics, sense of place and
community, and materiality. In sustainablity
and metrics we look at how retrofitting
existing buildings can reduce the amount of
energy needed for the building to operate
and how it can be good for the environment.
In sense of place and community we look at
how adaptive reuse and the rehabilitation of
existing buildings can create a better sense
of place through familiarty and the feeling of
home. This can lead to social and economic
benefits. And lastly, in materiality we discuss
the history of brick as a building material
and the advantages and challeneges that
come with retrofitting existing buildings with
exterior brick walls.

Repairing Our Fabric:
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SUSTAINABLITY AND METRICS
We live in a depleting world. Air pollution is
rising, greenhouse gases trapping heat in our
atmosphere. Our climate is getting warmer
every year and it is largely because of humaninduced emissions of greenhouse gasses. How
can we as humans change what we have led
our world to become? Architecture. After our
realization of how we have been treating our
world, agreements, targets, and organizations
have been put in place in order to become
better stewards of our environment such as
the 2030 Challenge, which is a challenge to
have carbon neutrality in all new buildings
by the year 20230. There is also the Paris
agreement which aims to reduce greenhouse
gas emissions and building emissions. The
problem with most of the challenges and
agreements is that they are only looking at
new buildings. There are an estimated 5.6
million buildings currently in just the United
States alone. Author Mark Watson stated,
“It is a paradox that building conservation is
not about the past. It is about the future. The
choices we make now about what to keep
from the past are also about what changes to
make to what we have inherited.”¹ We must
look at how retrofitting existing buildings can
be highly eﬀective in reducing our energy
consumption and what impact it might have
on our environment by comparing it to our
current status of energy ineﬃcient buildings.
What are the means and best strategies for
retrofitting an existing building to become
net zero? And lastly, what is another reason
besides helping the environment? A big
reason for most is money spent and money
saved.

The built environment makes up a huge part
of our daily lives. Whether that be the place
you sleep at night, where you go to learn, or
where you go to work. Buildings are essential
for our survival. Although it is a need, there
are things we can do to improve our building
to help lessen and/or better the impact
buildings have on our natural environment.
“In the U.S., commercial and residential
buildings account for approximately 40% of
total energy consumption.”² The demand
from this energy comes from things such
as lighting, heating, cooling, and ventilation
which can lead to large amounts of carbon
dioxide emissions. “In 2012, the total enduse emission of carbon dioxide from the
commercial sector in the United States was
897.9 TgCO2 Eq., which accounts for nearly
18% of the total U.S. carbon dioxide emission.
The energy consumption for commercial
buildings is more than 2.3 trillion Btu, and
the increasing trend is expected to continue
until the energy produced in the buildings
themselves is able to make up for their
growing energy needs.”³ In order to mitigate
our use of fossil fuels from energy use, we
must start to revisit our existing buildings for
energy eﬃcient retrofits and adaptive reuse.
By integrating diﬀerent strategies to make
an existing building energy eﬃcient while
also equipping the building with renewable
resources such as wind and solar power, we
could achieve a net zero energy building. A
net zero energy building is “a building that
can generate the same amount of energy
onsite through locally available renewable
sources as the building consumes.”⁴

¹ Watson, Mark. “Adaptive Reuse and Embodied Energy.” Industrial Heritage Re-Tooled: The TICCIH Guide to Industrial Heritage
Conservation (2016): 136-141.
² Aksamija, Ajla. “Impact of Retrofitting Energy-Eﬃcient Design Strategies on Energy Use of Existing Commercial Buildings:
Comparative Study of Low-Impact and Deep Retrofit Strategies.” Journal of Green Building. Allen Press, November
1, 2017. https://meridian.allenpress.com/jgb/article/12/4/70/116220/IMPACT-OF-RETROFITTING-ENERGY-EFFICIENTDESIGN.
³ Aksamija, Ajla. “Regenerative Design of Existing Buildings for NET-ZERO Energy Use.”
⁴ Hu, Ming. 2019. “Cost-Eﬀective Options for the Renovation of an Existing Education Building toward the Nearly Net-Zero
Energy Goal—Life-Cycle Cost Analysis” Sustainability 11, no. 8: 2444. https://doi.org/10.3390/su11082444
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Improving a buildings performance is not
the only way to help the environment. Just
the reuse of a building is also helping the
environment. In an article about adaptive
reuse, the authors state, “environmental
benefits from rehabilitation arise through
the recycling of materials, reuse of structural
elements and the reduction in generated
landfill waste.”⁵ Embodied energy is the
energy associated with the manufacturing of
a product or services including extracting and
processing of raw materials, manufacturing
of construction materials, transportation and
distribution, and assembly and construction.
By reusing an existing building, we can reduce
the embodied waste dramatically.
What are some of the best strategies we can
use to make existing buildings net zero energy
buildings? This can be achieved through three
steps: “(1) Reduce the energy consumption
of buildings through low-cost passive design
strategies; (2) use energy-eﬃcient equipment,
appliances, and building systems; and (3)
generate energy onsite through renewable
energy resources.”⁶ One of the best ways to
reduce energy consumption in an existing
building is by adding insulation to the
building envelope. Adding insulation to the
roof, floors, and exterior walls will dramatically
lower the heat exchange from the building
envelope. You can also seal gaps to reduce air
flow and change out windows that are better
insulated. Using energy eﬃcient equipment,
appliance, and building systems can be using

EnergyStar rated appliances, using LED lamps
instead of incandescent lamps, or changing
out the HVAC system in the building.
A good way to produce energy on site is by
using photovoltaic panels to collect the suns
renewable energy. A 200,000 square foot old
paper mill, located in Holyoke, Massachusetts,
was part of a revitalization plan to retrofit
existing commercial buildings. By adopting
the strategies mentioned above the building
now uses 1,253 kWh/year compared to its
original 3,466 kWh/year⁷. The building cut
energy consumption by nearly two thirds.
By retrofitting an existing building, you can
also save money. This can be from buying
the building for cheaper than it would take
to build new or through operational cost. A
comprehensive life cycle cost analysis was
conducted on a two-story building in College
Park, Maryland. The goal of this retrofit of the
building was to achieve net neutrality. By using
energy eﬃcient renovations and renewable
energy, the building “produced close to a
90% reduction in the life cycle cost compared
to the baseline. The payback period for the
initial investment cost, including avoided
electricity costs, was around 2.8 years. After
the 2.8 years they will be saving money.”⁸
Retrofitting existing buildings can be a highly
eﬀective way to reduce our energy usage
which will lead to a more environmentally
friendly building. This can be done by

⁵ Langston, Craig, Francis K.W. Wong, Eddie C.M. Hui, and Li-Yin Shen. “Strategic Assessment of Building Adaptive Reuse
Opportunities in Hong Kong.” Building and Environment. Pergamon, November 19, 2007. https://www.sciencedirect.
com/science/article/abs/pii/S036013230700203X?via%3Dihub.
⁶ Hu, Ming. 2019. “Cost-Effective Options for the Renovation of an Existing Education Building toward the Nearly Net-Zero
Energy Goal—Life-Cycle Cost Analysis” Sustainability 11, no. 8: 2444. https://doi.org/10.3390/su11082444
⁷ Aksamija, Ajla. “Regenerative Design of Existing Buildings for NET-ZERO Energy Use.” Procedia Engineering 118 (2015): 72–80.
https://doi.org/10.1016/j.proeng.2015.08.405.
⁸ Ming, Life Cycle Analysis, 2444
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improving the building envelope, using
energy eﬃcient products, and using
renewable energy. Not only is retrofitting
existing buildings good for the environment
but can also be a good way to save money. In
order for our world to change and be a better
place and for us to be better stewards of our
environment, we must begin to look at our
past as our future. Our ways of thinking of
energy eﬃcient design only being correlated
with new buildings needs to end and looking
towards the past and existing buildings needs
to begin.

SENSE OF PLACE AND COMMUNITY
“Every place has a unique history. Long or brief,
history chronicles how the place came to be
and actively influences its character. Honored
and showcased, history connects people to
their forebears. But successful communities
realize that history is still being written.”⁹
The built environment shows the character
of the community. It oﬀers what once was,
what is, and what the future holds. So how
can architects capture this idea of creating
character for a place? The answer is what is
already there. Cities and towns are filled with
infrastructure and buildings that are vacant,
in disrepair, or underutilized. These buildings
often times are dense with history and
meaning and have strong connections with
the place and the people. Being able to repair
these buildings and utilize them through

adaptive reuse and rehabilitation, architects
can build a future city using the past.
What makes you feel at home? Is it your house,
where you grew up? Or is it a feeling you
get when you are comfortable somewhere.
Some might say it’s the recognition and
familiarity of a place. A place that has always
been there so that’s where it will always be.
This is called genus loci. Genius loci is “the
concept of spirit of place which originated in
the Roman belief that buildings, towns, and
landscapes have a kind of guardian spirit
which shaped their character.”¹⁰ A Norwegian
architect and theorist, Norberg Schulz,
presented the concept of genius loci as a
key architectural consideration which “goes
beyond the spirit of a place, and is connected
to a place and visualized in its architecture.”¹¹
Existing downtown buildings have aged with
the community. The community has grown
up with these buildings and the buildings
have grown up with the community. In the
article ‘Transformative Renewal and Urban
Sustainability’ the authors state, “existing
buildings highlight the social character and
identity of a community through the retention
of the irreplaceable historic fabric.”¹² The
authors also state that these downtown
buildings promote a strong and vibrant
sense of place. “Older buildings may have a
character that can significantly contribute to
the culture of a society and conserve aspects
of its history. The preservation of these
buildings is important and maintains their
intrinsic heritage and cultural values.”¹³ To

⁹ Weaver, Susan. “Creating a Sense of Place: A Common Vision.” Build a Better Burb, n.d. Accessed October 12, 2021.
¹⁰ Yazdani Mehr, Shabnam, and Sara Wilkinson. “The Importance of Place and Authenticity in Adaptive Reuse of Heritage
Buildings.” International Journal of Building Pathology and Adaptation 38, no. 5 (2020): 689–701. https://doi.
org/10.1108/ijbpa-01-2020-0005.
¹¹ Yazdani, Shabnam, and Wilkinson. “The Importance of Place and Authenticity in Adaptive Reuse of Heritage Buildings.”
¹² Lewin, Susan Spencer, and Craig Goodman. “Transformative Renewal and Urban Sustainability.” Journal of Green Building 8,
no. 4 (2013): 17–38. https://doi.org/10.3992/jgb.8.4.17.
¹³ Langston, Craig, Francis K.W. Wong, Eddie C.M. Hui, and Li-Yin Shen. “Strategic Assessment of Building Adaptive Reuse
Opportunities in Hong Kong.” Building and Environment. Pergamon, November 19, 2007. https://www.sciencedirect.
com/science/article/abs/pii/S036013230700203X?via%3Dihub.
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many, these old downtown buildings feel like
home; They have grown up recognizing and
interacting with these buildings. The history
between the community and buildings is
why we should choose to retrofit existing
buildings and reuse these buildings. Doing
so can preserve the character and sense of
place.
Maintaining a sense of place and character
is not the only way a community can benefit
from adaptive reuse and retrofitting of
existing buildings. The community can
also see an increase in local economy with
the adaptive reuse of buildings. To start,
“rehabilitation typically takes half to threequarters of the time necessary to demolish
and reconstruct the same floor area. The
shorter development period reduces the cost
of financing and the effect of inflation on
construction costs.”¹⁴ Economic benefits can
go way beyond the initial investment of the
buildings rehabilitation. Adaptive reuse and
revitalization can “create renewal, new uses,
and capture the value of the existing building
stock, creating a spur to the local economy.”¹⁵
An article by Interior Architects states “the
negative correlation between commercial
vacancies and economic investment is so
great (and the effect of adaptive reuse
developments, so positive) that cities are
developing programs specifically aimed at
promoting the reclamation of existing

spaces.” Economic benefits of adaptive reuse
projects include new business, employment
for the local workforce, the increase in value
of the surrounding properties, and an increase
in tourism. One article suggests “inner-city
historical buildings are usually considered
assets for the development of local tourism,
due to the heritage and socio-cultural values
they possess.”¹⁶
Adaptive reuse and rehabilitation of buildings
can also show community resiliency. Because
existing buildings show a strong and vibrant
sense of place, rehabilitation often leads to
increased citizen engagement.¹⁷ A study
was done in Australia asking interviewers
questions regarding adaptive reuse of
buildings to better understand the views and
experiences with adaptive reuse. When asked
about the positive effects of adaptive reuse on
sustainability objectives, the most common
answer was to add value to the community
with over 67% of respondents communicating
this answer.¹⁸ “Heritage enhances a sense
of community well-being, thus needs to be
preserved. Significantly, the Venice Charter
stated that heritage buildings must be
delivered to future generations in “the full
richness of their authenticity”, implying little
or no change to the former, original state.”¹⁹
A community can show resiliency through
adaptive reuse of buildings by turning a dying
cityscape with vacant buildings into a safe

¹⁴ Langston, Craig, Francis K.W. Wong, Eddie C.M. Hui, and Li-Yin Shen. “Strategic Assessment of Building Adaptive Reuse
Opportunities in Hong Kong.” Building and Environment. Pergamon, November 19, 2007. https://www.sciencedirect.
com/science/article/abs/pii/S036013230700203X?via%3Dihub
¹⁵ Lewin, Susan Spencer, and Craig Goodman. “Transformative Renewal and Urban Sustainability.” Journal of Green Building 8,
no. 4 (2013): 17–38. https://doi.org/10.3992/jgb.8.4.17.
¹⁶ Aigwi, Itohan Esther, Temitope Egbelakin, and Jason Ingham. “Efficacy of Adaptive Reuse for the Redevelopment of
Underutilised Historical Buildings.” International Journal of Building Pathology and Adaptation 36, no. 4 (2018):
385–407. https://doi.org/10.1108/ijbpa-01-2018-0007.
¹⁷ Lewin, Spencer, and Goodman. “Transformative Renewal and Urban Sustainability.”
¹⁸ Bullen, Peter A., and Peter E.D. Love. “Adaptive Reuse of Heritage Buildings.” Structural Survey 29, no. 5 (2011): 411–21.
https://doi.org/10.1108/02630801111182439.
¹⁹ Yazdani Mehr, Shabnam, and Sara Wilkinson. “The Importance of Place and Authenticity in Adaptive Reuse of Heritage
Buildings.” International Journal of Building Pathology and Adaptation 38, no. 5 (2020): 689–701. https://doi.
org/10.1108/ijbpa-01-2020-0005.
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and inviting space by creating jobs, making
the area more marketable, and bringing in a
younger crowd.
The history of a building is what keeps the
relationship between the building and the
community. It creates a sense of place and
captures characteristics of the development of
the building and of the community throughout
the years. Sadly, many of these buildings are
either vacant or being underutilized and
the vacancy of these buildings have a direct
correlation with the economic investments in
these areas. We must start to look at these
buildings as not only the past but the future.
These existing buildings can be rehabilitated
and used for adaptive reuse. This would bring
back that sense of place and the strength
of community that comes with it. It can
create more jobs and make the area more
valuable, stimulating the local economy. The
rehabilitation and adaptive reuse of buildings
can bring back the communities that are
actively falling apart with the disrepair of
existing buildings.

MATERIALITY
When you walk down a rural downtown street,
what do you see? Do you see a booming
populated street with pedestrians walking
into modern state of the art buildings?

Possibly, but most likely in American rural
downtown’s you will see a lonely streetscape
with brick buildings that are in disrepair and
falling apart. Sure, not every building is this
way and needs work, but most do. How can
we bring people back to these downtown
areas and make them a place people want to
be and a place that is lively and productive?
The key to this is to rehabilitate the old,
falling apart brick buildings that stand there.
Talking about bricks, the article ‘Full Brick,
History and Future’ states, “With pressure on
the recycling and due to the influence on the
environment [bricks] role will be even more
increased. Modern trends will set the shape
and functionality; reconstruction of historical
sites will make them immortal.”²⁰
Brick has been a construction material for
many years. Dating back to 8300-7600 B.C.,
the oldest bricks known in human history
were found by the shore of the river Jordan.
“Bricks were yearly processed by kneading
when the mixture of dirt/clay and water was
made. Bricks were being dried out on the
direct sunlight. Then those were used for
masoning. As mortar they used thin substance
of mud and clay/dirt.”²¹ The original shape of
the brick was more like the shape of a bread
loaf unlike the very rectilinear brick we know
today. The brick we know today has been a

²⁰ Fiala, Jan, Milan Mikolas, and Katerina Krejsova. “Full Brick, History and Future.” IOP Conference Series: Earth and
Environmental Science 221 (2019): 012139. https://doi.org/10.1088/1755-1315/221/1/012139.
²¹ Fiala, Jan, Milan Mikolas, and Katerina Krejsova. “Full Brick, History and Future.”
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main pillar of construction from the 19th
century until present and has been used
on many construction sites. Brick is a very
commonly used material because of its
durability and ability to test time. Along
with being able to resist wind and weather
influence, “they also have functional and
esthetical value.”²²
Although bricks are known to be very durable
and resilient, this does not mean they are
perfect, and they will require maintenance
over time to ensure a longer life span. There
are many ways a brick wall system can fail.
Most have to do with moisture infiltrating the
wall. “Small cracks in mortar can allow water
to penetrate the joint. With each freezethaw cycle, the mortar further deteriorates,
allowing more water to enter the wall
system, further compounding the problem.
Eventually, the mortar falls out, leaving loose
(and possibly dangerous) brick.”²³ Sometimes
the mortar cracking might not even be the
issue. Sometimes the problem “could actually
be improperly installed copings or flashings
or even a leaky roof, any of which could allow
water to enter the wall system.”²⁴ In order to
make a brick wall work and worth the money
spent for repairs, the wall must be checked
and repaired regularly to ensure no further
damage is being done.
Repairs on a brick wall do not have to be
costly as long as they are upkept and repaired
regularly. What becomes the problem is time

and to what extent you must do the repairs
and upkeep. For example, “managing a
National Historic Register property or
locally significant landmark may also
mean negotiating regulatory restrictions,
building codes, and community interests
when considering how best to remediate
deteriorating masonry.”²⁵ When replacing
mortar or brick you might also have to use
mortar or brick that visually matches the
original but also needs to be resilient enough
for contemporary conditions. Finding these
can be a diﬃcult process and could take a lot
of research and time to find the right pieces.
When retrofitting and rehabilitating an
existing brick building you are going to need
to include ways to improve the leaky and
not very energy eﬃcient nature of the old
buildings. Doing so will require you to add
insulation to the exterior wall assemblies. The
easiest way to do this is to add the insulation
to the exterior of the existing wall assembly
and add new cladding to the building to
protect it. Because of the historic nature and
community impact on sense of place, you do
not want to cover up the existing downtown
brick buildings. They will lose their historic
value and overall character of the building.
So that means you must add insulation the
inside of the exterior wall assembly. Doing
this also may cause future problems. “Interior
insulation leads to a reduced temperature in
the wall which increases the risk for elevated
moisture levels in the wall. Interior insulation

²² Fiala, Jan, Milan Mikolas, and Katerina Krejsova. “Full Brick, History and Future.”
²³ Sanders, Arthur L, and Kevin Magness. “Brick Maintenance and Repair for Historic and Landmark Structures.” Journal of
architectural technology, 24, no. 1 (2007): 1–8.
²⁴ Sanders, Arthur L, and Kevin Magness. “Brick Maintenance and Repair for Historic and Landmark Structures.”
²⁵ Sanders, Arthur L, and Kevin Magness. “Brick Maintenance and Repair for Historic and Landmark Structures.”

Repairing Our Fabric:
Social, Economic, and Environmental

15

also decreases the drying-out capacity of the
wall and thereby increases the risk for freezethaw damages in brick walls. In older brick
constructions there is risk for frost damage
when they are exposed to driving rain and
fluctuating temperatures. Internal insulation
can increase the risk of structural damages
even more.”²⁶ Some studies have been done
to see how we can combat this problem. One
study shows that applying a water repellent
substance to the surface of the brick wall
can help by eliminating as much water as
possible that gets into the construction of the
building. Doing so means there will be less
problems drying out the wall becuase there
is no moisture to begin with.²⁷ This process
can only work if the brick wall is in excellent
condition with no cracks and openings, or the
repellent substance could have an adverse
eﬀect and make things worse.
Another thing to consider is the type of
insulation you use within the wall. A study
done in the UK tested three diﬀerent
insulations to see their eﬀect: calcium silicate,
phenolic foam, and wood fiber. The level of
insulation value (U-value) was determined by
a near future climate (2040) and a far future
climate (2080). Assemblies were evaluated
for moisture accumulation, mold growth risk,
and freeze-thaw risk. “Results show low-tomedium risks in 2040 and high risks in 2080,
assemblies of higher absorptivity and thinner
insulation comparatively performing best.
The calcium silicate assembly fared best for

moisture performance; however, all assemblies
will be subject to high moisture risk levels in
the far future and responsible retrofits must
take this and alternative design solutions into
account.”²⁸ Because we do not have the best
answer for this question yet, the best strategy
is to design in a way that repairs can be made
easily. Being able to access the wall from the
inside with removable insulation might be
the best solution at this time.
Bricks have been an integral part of our
construction for many years. They oﬀer
a durable and resilient exterior option to
a building. Though they do need regular
maintenance and repairs to extend their
lifespan such as filling cracks or replacing
bricks. It could also mean fixing coping or
flashing on the wall assembly or fixing a leaky
roof. Being able to extend the lifespan of
brick buildings is important in the way rural
downtowns look and the community identity
that comes with them. But retrofitting these
buildings can be very challenging and if
not done right could lead to even bigger
problems.

CONCLUSION
Buildings take up a large part of our time and
our energy. With buildings using nearly 40% of
our total energy, we must find a way to reduce
the amount of energy that our buildings use
which will lower our carbon and greenhouse
gas emissions. One way we can do this is by
retrofitting our existing buildings. Improving

²⁶ Johansson, Pär, and Paula Wahlgren. “‘Interior Insulation Retrofit of a Brick Wall Using Super Insulation Materials: Design of a
Field Testing in an Industrial Brick Building.’” Healthy, Intelligent and Resilient Buildings and Urban Environments,
2018. https://doi.org/10.14305/ibpc.2018.be-7.03.
²⁷ Johansson, Pär, and Paula Wahlgren. “‘Interior Insulation Retrofit of a Brick Wall Using Super Insulation Materials: Design of a
Field Testing in an Industrial Brick Building.’”
²⁸ Lu, Jacqueline, Valentina Marincioni, Scott Allan Orr, and Hector Altamirano-Medina. “Climate Resilience of InternallyInsulated Historic Masonry Assemblies: Comparison of Moisture Risk under Current and Future Climate Scenarios.”
Minerals 11, no. 3 (2021): 271. https://doi.org/10.3390/min11030271.
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the envelope of the building and the systems
within can decrese the energy needed within
the building. Retrofitting existing dowtown
brick buildings can also reestablish a sense of
place and familiarity in a community. This can
lead to a better economy and social benefits
by bring more poeple and businesses to the
area. Although brick is thought of as a very
durable and resilient building material, it
comes with its challeges when retrofitting a
building. When done right, the building can
have a very durable and eﬀective lifespan.
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PRECEDENTS

DPR Construction

Pheonix, AZ
This building located in central Pheonix,
Arizona was built in 1972. DPR Construction
chose this building to retrofit because of its
existing windows located on the sides of the
building that allow for daylighting and natural
ventilation. The goal for their project was to
have a net zero energy consumption building at
the project outset. Because DPR Construction is
not only the owner of the building but also the
contractor for the building, they used a design
build project delivery method and “completed
the project - from conceptual design through
construction - in ten months.”¹ This building
is the first net-zero private office building in
Arizona and also has a project payback period
of just 7.5 years. “A broad spectrum of energy
eﬃcient measures exists for implementation in

Image 2: Exterior facade. Photo courtesy of Gregg
Mastorakos

energy-eﬃcient commercial building projects.
An energy consultant can help a project team
select the appropriate measures for the specific
project. Often, this selection process comes
down to a cost-benefit analysis that compares
the initial cost of the EEM to the expected
energy savings (both in terms of reduced
consumption and reduced utility bills).”² For
DPR Construction’s Pheonix Oﬃce some of
the energy eﬃcient measures include: mixed
mode active and passive ventilation, Enhancing
the passive ventilation system by developing
a thermal buoyancy driven system, control of
plug loads (vampire switch), thermal solar hot
water, exterior shading, and many more. One
thing that DPR noticed from past projects was
that the HVAC system and daylighting had the
greatest impact of the eﬃciency of the building.

¹ Ladhad, Akash, and Kristen Parrish. “PHOENIX’S First NET-ZERO ENERGY OFFICE RETROFIT: A Green and
LEAN Case Study.” Journal of Green Building 8, no. 4 (2013): 3–16. https://doi.org/10.3992/jgb.8.4.3.
² Ladhad and Parish, Pheonix’s First Net Zero, 3-16
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Some of the more interesting systems that
this project includes are a solar chimney,
evaporating cooling towers, sola tubes, and PV
covered canopies.
This precedent can be utilized in my project for
its design strategies and for the energy eﬃcient
measures that they used. Their strategy when
design the project was to look at many diﬀerent
energy eﬃcient measures and then compare
them with the cost. This being the cost of the
item itself but also taking into consideration the
money that will be saved whenn implementing
the item into the building. When they found
the best ratio of spending versus savings, that
is what they went with in their final design.
I can also utilize many of the energy eﬃecient
measures in my project that they used. For
intances, I can include a green wall on my
building. I could also include photvoltaic panels,
sola tubes, evaporting cooling towers, or a
solar chimney. Having this example allows me
to look back at the DPR Construction project
for what strategies they used for passive and
active strategies and why they chose them.

Image 3: Diagram of Passive and active strategies
used. Diagram courtesy of SmithGroup
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University of Maryland School
of Architecture, Planning, &
Preservation

College Park, Maryland

The two story brick building is located on the
University of Maryland’s campus and house
the College of Architecture, Planning, and
preservation. The building is just over 70,000
square feet and includes a 200-seat auditorium,
oﬃces, classrooms, library, computer labs and
gallery space. With the building starting to
reach the end of it’s life, the university was
considering demolishing the building and
having a new building built.They realized this
would cost nearly $36.4 million to do. So then
they considered renovating the building and
realized that it would come in around $10
million cheaper at $26.6 million.
Because of the university’s commitment to
reduce carbon emmisions on campus the
design team around the project wanted to Image 4: Exterior view. Courtesy of the University of
find the the best possible way to renovate the Maryland
building. The aim was to “(1) create a life cycle
assessment model, using an education building
to test the model, (2) compare the life cycle
cost (LCC) of diﬀerent renovation scenarios,
taking into account added renewable energy
resources to achieve the university’s overall
carbon neutrality goal, and (3) verify the
robustness of the LCC model by conducting
sensitivity analysis and studying the influence of
diﬀerent variables.”1 After nine diﬀernt testing
scenarios they found that investing in energyeﬃcient retrofitting techniques was more costeﬀective than investments in renewable energy
sources in the long term. But when combining
renovation and renewable energy, the buildng
produced close to a 90% reduction in the life
cycle cost compared to the baseline.
Image 5: Interior view. Courtesy of Life of an Architect
1 Hu, Ming. 2019. “Cost-Eﬀective Options for the Renovation of an Existing Education Building toward the Nearly Net-Zero
Energy Goal—Life-Cycle Cost Analysis” Sustainability 11, no. 8: 2444. https://doi.org/10.3390/su11082444
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E.n

This precedent is very useful for research when Image 6: Diagram of process of energy modeling by
it comes to looking at the diﬀerence in price Ming Hu
when it comes to the question of why renovating
rather than demolishing and building new. The
case study shows how to perform a life cycle
cost analysis and how it can save you money.
Understanding what goes into the building
and how that eﬀects cost at purchase and also
operational costs.
This precedent allows gives a good look on the
proccess of energy modeling. First the designer
started in Autodesk Revit creating the building
Primer Coating
geometry, orientation, building envelope, etc.
Then they plugged the Revit model into Sefaira
to get numbers for things such as infiltration
Render oat
rate, envelope r-value, etc. After this they put
that data into Energy Plus to see what needs
to see more accurate numbers and data on the
Image 7: Diagram of wall section by Ming Hu
performance of the building.

ID$1:ilnfiou Bonni
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Firehouse Brewing Co.

Rapid City, SD

This 1915 brick building was first home to
the Rapid City Fire Department in Rapid
City, SD and is listed on the National Historic
Register. It currently houses Firehouse Brewing
company that open in 1991 as South Dakota’s
first brewpub. The brewpub still includes the
authentic firepole and firefighting memorabilia
from the days of the first fire brigades. The
two-story building, constructed of brick and
Fall River sandstone, exemplifies the Chicago
School style. “Following the practice of urban
fire departments in those days, this one was
built with living quarters for firemen, as well
as oﬃces, on the second floor. The fire trucks Image 8: Exterior view. courtesy of Atlas Obscura
were downstairs, and the firefighters slid down
a smooth brass pole when the fire call came
in.”¹
Some Rapid City locals wanted to create a
microbrewery after being frequent visitors
to other microbreweries. So they that is how
Firehouse Brewing Company started. “The
idea was to return the building’s interior to its
original fire-hall glory with the added feature of
a brewery visible from behind glass enclosures.
The new decor included polished brass and fire
fighting equipment to adorn the walls, the bar,
and even the ceiling.”²
Image 9: Interior view. courtesy of the Rapid City Journal

1. Firehousebrewing.com. Accessed October 13, 2021. https://www.firehousebrewing.com/about-us/.
2. Firehousebrewing.com. Accessed October 13, 2021. https://www.firehousebrewing.com/about-us/
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This building closely relates to my project for Image 10: Historic Image courtesy of the Firehouse Brewmany reasons. The first being it is a century old ing Company Facebook page
brick building on the National Hisotric Register.
Secondly it is an adpative reuse building.
Third it is part of a hisotric dowtown district.
And lastly it is now a brewery. All of which are
similar with this thesis. An adaptive reuse of a
century old masonry building within a historic
downtown district being turned into a brewery.
Some elements I will be able to use from this
precedent is how they incorporated the history
C
z
of the building and of the area into the design
C
m
of the building. Another thing I would like to
0
SURROUNDING
incorporate that they did was used an unused
BUILDINGS
n:Ji!
m
space beside the building for outdoor seating
and for other marketing tactics.
Image 11: Diagram by author
V,

V,
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University of Windsor
Downtown Campus

Image 12: Exterior rendering courtesy of Lewin, Spencer,
and Goodwin

Windsor, ON
“The University of Windsor has agreed to
become a vibrant partner in the revitalization
of Downtown Windsor by creating a
new downtown campus. The proposed
interdisciplinary academic and arts facilities
offer vital opportunities for partnerships in
advancing the city’s ongoing revitalization
strategies, while capitalizing on the iconic
qualities of three heritage properties: the 1902
Armouries landmark historic property; the 1940
Art Deco Greyhound Bus Depot; and the iconic
1927 Windsor Star building.”¹

These precedent helps tremendously when it
comes to diagram and space organization. they
have many digrams showing space relations,
daylighting, existing buildings, context
maps,and many more to that I could use. it
is also helpful becasue they are all adaptive
resuse buildings that are either a century old
or very close to it. Seeing how they incorporate
new into existing building is interesting and
will help me to envision something new in an
old building. Being able to utilize a building to
better community engagment is something
they do well that i would like to incoporate into
my project.

¹ Lewin, Susan Spencer, and Craig Goodman. “Transformative Renewal and Urban Sustainability.” Journal of Green Building 8,
no. 4 (2013): 17–38. https://doi.org/10.3992/jgb.8.4.17.
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Image 13: Exterior rendering courtesy of Lewin, Spencer,
and Goodwin

New Downtown Campus Context Map

Existing UW Campus and Green Space

j

Image 14: Diagrams courtesy of Lewin, Spencer, and
Goodwin
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Gemini House, 31 Sussex
Toronto, ON

Using Passive House Principles, this 1880’s
Second Empire home on the University of T
oronto’s campus was restored and upgraded
to achieve deep thermal energy demand
reductions, all while respecting the integrity
of the original heritage building. Work started
in 2013. The project sought to achieve a highperformance envelope with a low intensity
mechanical system by thermally isolating the
building into two zones: a core and a periphery
zone. Core spaces were placed on the south side
of the house to take advantage of passive solar
gains during the heating season and included
rooms that were expected to be in daily use and
would therefore be heated on a daily basis in
cooler months. The periphery spaces are kept
at minimal heat levels, but can be warmed on
demand. Fresh air is supplied using two energy
recovery ventilators (ERVs), one in each zone
allowing heat lost from the core to be captured
in the periphery and pushed back to the core
via heat pump. A radiant floor system provides
space heating with separate loops servicing
the Core and Periphery zones.

BEFORE

This precedent gives great options of how to
insulate an old brick building. It also gives a
good example of how to place areas of the
building that need more heat in certain locaions
within the building to capture solar heat gain.
It also gives a good example of equipment for
ventilation in the building.

AFTER
Image 15: Exterior photos before vs after courtesy of ERA
Architects
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Image 16: Interior Insulation photo courtesy of ERA
Architects
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Image 17: Diagram courtesy of ERA Architects
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Red River College Innovation
Center

Image 18: Exterior rendering courtesy of Diamond
Schmitt Architects

Winnipeg, Manitoba
The former Scott Fruit Building in downtown
Winnipeg is a 1914-built commercial warehouse
with a reinforced concrete frame and a triplewythe brick facade. The building is being
completely renovated with a new expansion
to the west. Part of Red River College’s goals
of limiting their energy footprint was in making
this the most efficient facility on their campus
with a target energy use intensity (EUI) of 100
kWh/m2. The design strategy for the heritage
warehouse included restoring and sealing
the envelope with 5” of spray-foam insulation
applied directly to the interior surface of the
exterior brick walls. Through hygrothermic
testing, the density of the brick was determined
to be capable of withstanding the thickness of
spray foam insulation in the Winnipeg climate

28

without compromising the masonry envelope.
The original single-glazed wood windows were
restored as storm windows and fitted with
trickle vents. New triple-glazed windows were
installed at the interior, creating a buﬀer to heat
loss.
This precedent helps to understand how to
insulate an exterior brick wall to meet an
energy goal. By adding insulation and new
triple glazing windows they can meet their
goals. After testing diﬀerent options of mineral
wool insulation and spray foam insulation, the
answer they came up with was spray foam
insulation applied drectly to the exterior brick
wall. Using climate data and hygrotheric testing
will be key to develpoing a wall section that
works for the existing building envelope.

Ball State University

Image 19: Exterior rendering courtesy of Diamond
Schmitt Architects

This is also a great precedent for new additions
to existing buildings. As pictured above you
can see the existing historic brick building on
the right with the new addition to the building
on the left. It shows a good representaion of
how new and old can mesh well together and
provide a great visual experience on the site.
Having the addition allows for the chance at a
better and newer envelope which cn eﬀectively
reduce the overall energy usage. The addition
to the building also gives more roof square
footage meaning more photovoltaic modules
can be placed on the roof. Doing this allows for
more energy to be produced for the building.
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Image 20: Diagrams courtesy of Dr. Randy Van
Straaten
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DESIGN INTRODUCTION
INTRODUCTION
This project will revolve around an existing
building but will also include an addition
to the building. Connersville is in need of
business in the historic downtown district to
draw more people into the area. To achieve
this a local brew pub will be on the ground
floor along the main downtow street (Central
Avenue). The upper levels of the building will
be apartment units and there is a possibility
of removing the the buildings to the north
of the existing building which will then be
replaced with an additon that includes more
apartments that will bring more people and
business to the dowtown area.
The programming section of this proposal
will outline the site of the project showing
images and diagrams of the building and
the surrounding site. It also shows what will
be included within the building with rooms,
spaces, and how much the architectural fee of
the project will be.
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SITE SELECTION

Image 21: Location and Neigborhood Context diagram
by author

Site Location

Connersville, IN
The City of Connersville, Est 1813 is among
the oldest cities in Indiana, a center of
manufacturing, agriculture, retail and health
care. Its location along the Whitewater River has
made camping, fishing, kayaking some of the
favored pastimes of the region. The Whitewater
Valley Railroad continues to provide an outside
link and a connection between it and Metamora,
Indiana. Its residents have always felt a strong
sense of community and are strong supporters
of the High School sports teams, known as the
Spartans. It also boasts an Amtrak rail station
which runs services three times a week to
locations such as Chicago, Cincinnati, and even
as far as New York City.¹

The project site is located within the Downtown
Historic District of Connersville along Central
Avenue. The Dowtown historic district consists
of many diﬀerent busniesses and private
spaces. Pictured above are the immediate
surroundings of the project site within a city
block radius. The building highlighted in red is
the project site. The dark grey color represents
the surrounding buildings in context. The
lighter grey color represents the roads around
the project site and how the building interacts
with the road system.

1. “City of Connersville.” Accessed September 16, 2021. https://www.connersvillecommunity.com/connersville/.
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Public vs. Private Spaces Surrounding
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Image 22: Spatial diagram showing surround context
by author

Building Site
The existing building is one of Connersville’s
largest dowtown buildings. It stands at 3
stories tall and is was made with masonry
construction like most of the other surrounding
buildings. Two the left of the building are
smaller one story buildings. To the right of
the building are a mixture of three story and
two story buildings. This is represented in the
graphic below. The graphic shows scale of
the buildings but also shows the relationship
with the surrounding buildings and the street.
On street level, every building is public space,
wether that be providing a service or selling a
good. The second and third storys are all listed
as residential, though most are in derepair and
are aboundand.

As shown in the diagram above, the buildings
on Central Avenue surrounding the project site
were all at one point used for public use on the
ground level, though most of these are now only
used for storage on the ground level. the upper
floors are all originally zoned for residential and
are private spaces. While looking at the diagrm
above, the two ingle story buildings to the left
of the existing building project sight hold no
historical value an can ultimately be removed
and the space those buildings occupy can be
used for this thesis proposal project as well.
Doing so frees up space to have an addition to
the existing building that not only adds to the
value of the building and site but can ultimately
lead to lower energy costs for the building.
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Site Traffic
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Image 23: Directional traﬃc diagram by author

Directional Traﬃc
This diagram shows the directional traﬃc of the
surround site. In fron of the building on Central
Avenue road traﬃc goes in both direction. This
is also the case with 6th and seventh street. The
alley behind the building is a one way street
that travels northbound.
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Surroun d ing
Building Heigh ts
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Image 24: Building size diagram by author

Building Size
This diagram shows the size, in stories tall, of
the existing building on site as well as size of
the surrounding buildings. The existing building
on site is three stories tall and is the tallest of
the surrounding buildings. To the north of the
existing building is a one story building, to the
south is a three story building, and to the east
is a two story building.
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SITE PHOTOS

Image 25: Site image from Central Ave.

Image 26: Site image from Central Ave.
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Image 27: Site image from Central Ave.

Image 28: Site image from Central Ave.
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Image 29: Site image from alleyway

Image 30: Site image from alleyway
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Image 31: Site image from alleyway

Image 32: Site image from alleyway
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SITE DIAGRAMS
Lighting
This diagram shows lighting
from street lights and from
flood lights in the area.
Central Avenue is well lit and
has multiple streets lights on
the roads and sidewalks. The
other streets do have some
streets lights but not nearly
as many as Central Avenue.
The alley behind the project
site does have one flood
light but the area is not well
lit because all lighting is
blocked by buildings.

Image 33: Lighting diagram by the author

Safety
This diagram shows the
safety of the site specifically
in a night time scenario
when it is dark. Notice how
the safety directly correlates
witht the lighting. The
yellow represents where it
feels most safe to walk. The
green represents where it
feels moderatley safe to
walk. And the dark grey area
represent where it does not
feel safe to walk. the areas
with more lighting feel safer
to walk and the areas with
little lighting feel less safe to
walk.
Image 34: Safety diagram by the author
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Vacancies
This diagram shows the
vacancies of the site. The
buildings highlighted in red
are either vacant or only
being used for storage by
the owners. Being able to
populate the are with more
people and business would
be key for the economic
growth of the hisotric
dowtown area.

+
N

Image 35: Vacancy diagram by the author

Sun Path
This diagram shows the path
of the sun during the winter
and summer. Summer sun is
coming more from on top
of the building and winter
sun is coming from a lower
angle.
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Image 36: Sun path diagram by the author
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CLIMATE
CLIMATE NARRATIVE - CONNERSVILLE, IN
Connersville, Indiana typical ranges in the in the low 20 degrees Fahrenheit on its coldest days to
the mid to upper 80 degrees Fahrenheit on its hottest days. Though this is what the average is, we
must design for the extreme lows and extreme highs. The extreme low Indianapolis has faced was
-27 degree Fahrenheit, and the extreme high was 105 degrees Fahrenheit. This means we will first
oﬀ design a house that is very well insulated and will either keep the heat out of the house or in the
house when it is needed. Secondly this means we will need to use an air source heat pump that can
handle these extreme temperatures and eﬀectively turn these outside temperatures into thermally
comfortable inside air temperatures.
Connersville also has very hot and humid summers with an average precipitation of 42.5 inches a year.
This means the units will need a dehumidifier installed to help control the humidity in the units to
make them thermally comfortable. The precipitation also gives us an opportunity to collect and store
rainwater for reuse in plumbing fixtures in order to reduce cost and be more environmentally friendly.
The city also gets an average snowfall of 25.9 inches per year and the building is designed to handle
the snow load and properly shed the snow oﬀ the roof. The roof and photovoltaic panels will be south
facing to collect the 1311.1 Btu/ Sq. Ft. of daily solar radiation.

CLIMATE ZONES
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Image 37: US climate zone map
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ENVELOPE & SYSTEMS
ENVELOPE AND SYSTEMS
One of the main problems we face with existing buildings is the amount of energy they use and their
carbon footprint. So the goal of this project is to find a way to reduce that energy usage and carbon
footprint so the ideas can be implemented into other existing buildings as well. Using precedents as
examples and building performance metrics, we can achieve a net-zero building and have a positive
impact on the community and the environment.
To do so we have to make changes to the building envelope and systems. In this case, we will do so
by meeting the Passive House requirements for our climate zone. The walls, roof, and windows will all
be nearly double as eﬃcient as what the Indiana code requires. The Heating and cooling will be very
energy eﬃcient as well as the building being 100% lit by LED lamps. The building must also include
energy production which is not required by Indiana code for a building. This slide also shows that
energy code compliance in Indiana isn’t very stringent and that codes need to be changed in order for
building performance to be more robust.

WALLS

LIGHTING

• This Building: R-41
• Indiana Code: R13

• This Building: 100% LED energy eﬃcient
lamps
• Indiana Code: 90% lamps to be energy
eﬃcient

ROOF

HEATING/COOLING

• This Building: R-74
• Indiana Code: R-38

• This Building: 20.2 SEER, 12.5 HSPF
• Indiana Code: 14 SEER, 8.2 HSPF

WINDOWS

ENERGY PRODUCTION

• This Building: 0.15 U-factor
• Indiana Code: 0.35 U-factor

• This Building: 152,000 kWh/Year
• Indiana Code: N/A
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HISTORIC CONNERSVILLE
HISTORY
Connersville found its way as a prominent and
growing city in the late 1800’s and early 1900’s
through Industry and manufacturing, specifically in
the automotive industry where virtually every part
needed in the manufacturing of an automobile
was made in Connersville. Because of this, the
downtown thrived and was always busy with
people and had elegant buildings.

Image 38: Historic photos of dowtown Connersville
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In the early 20th century, the town became known
as “Little Detroit” because of its importance to the
automobile industry. Automobiles manufactured
in Connersville include Auburn, Cord, Duesenberg,
Ansted, Empire, Lexington, and McFarlan. The
Willys MB Jeep body was manufactured in
Connersville during the 1940s. Much of the
western portion of town was occupied by light
industry for the 150 years prior to 1990. Companies
included Roots Blower (later Dresser Industries),
Stant, McQuay Norris, Design & Manufacturing
Co. (D&M), H.H. Robertson, Visteon, Philco Ford.
The 1980s were the beginning of the end for
Connersville automotive manufacturing, which had
been on the wane for more than a decade.

Image 39: Historic photos Connersville’s car
manufacturing
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PRESENT DAY
CURRENT CONDITIONS
Due to high cost of local union labor and
economies of scale elsewhere, most industry
departed in the 1980s and 1990s. Connersville
union labor is down from a high of 10,000 to
about 600 workers in 2012. Connersville’s role
in automobile manufacturing ceased when the
Visteon factory shut down in 2007. Part of the
decline may be logistical – with the construction
of the interstate highway system in the 1950s,
Connersville found itself not directly in line with
routes between major cities: I-70 from Indianapolis
to Columbus, I-74 from Indianapolis to Cincinnati,
and U.S. 40 from Indianapolis to Richmond, none
intersecting Connersville. The former Roots Blower/
Dresser Industries, now GE Energy, remains, but
with a skeleton staﬀ of fewer than 100 full-time
employees. Stant also remains with a little over 200
employees. There are still some furniture making,
machine shops, and other local manufacturing
establishments. The population is down from
18,000 to nearly 13,000. In March 2014, the city
declared a fiscal emergency when revenue fell
short of expenses, and the city nearly fell into
bankruptcy. The downtown is lacking liveliness and
seems distraught and falling apart.

Image 40: Photos of dowtown Connersville’s current
conditions
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DESIGN PROCESS
PROCESS
This page shows the design process and how the building form has evolved and adapted throughout
the semester. I always had it in my mind that this existing building would serve as a catalyst for
an addition and how the existing building could inform the design. I started to notice that these
initial explorations almost started to swallow the existing building and take away from its unique
characteristics. So I decided to step back and reevaluate how the design can help show oﬀ the existing
building rather than take away from it.

Image 41: Form progression diagram
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TAKING FORM

Image 42: Form Progression

We end up with a final building form where the two main ideas include using the existing building as
registration lines for the addition and pulling out the history and characteristics and including it in the
future of the building. The design also needed to include a south-facing roofscape in order to maximize
the energy production from the photovoltaic system on the roof.

Image 43: Form Progression
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FLOOR PLANS
GROUND LEVEL PLAN
For the first floor which has a storefront on the Main street running through the downtown, retail space
will be provided in an attempt to attract people to the downtown area. With its recent craze in the US, a
brewpub would be perfect for this area. It brings business, money, and people to the dying downtown
cityscape. The right side of the plan is the dining area. On the left is a bakery and merchandise store.
And the middle section of the building visible from an outdoor courtyard is where the brewery
equipment is located. This area is highlighted and transparent so it can be seen from many directions
and be a core element throughout the building.

Ground Level
•
•
•
•
•
•
•
•
•
•
•
•

Retail Space
Brewpub
Dining area
Bar
Restrooms
Restaurant Kitchen
Bakery Kitchen
Brewery Equipment
Bakery/Merchandise Shop
Oﬃce Space
Vertical Circulation In Corners
Courtyard Space

□

0

0

0

0

0

0

[

0 00
0 00

Jr-=-~--i=;;~==;;:'..½~!.A:J t:E~;tcil, ~,__________
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-
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Image 44: First floor plan
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SECOND/ THIRD FLOORPLANS
The second and third floors which are basically the same are both spaces for apartments that include
many diﬀerent sizes of apartments and also include a community laundry space as well as room for
HVAC equipment. One of the biggest challenges that was faced in designing this project was how to
fit these new apartments into a partially existing floorplate. The best option was to include a main core
in the middle that is open to the brewery equipment below that is surrounded by corridor space and
seating options where the apartments radiate from this inner circle.

Second & Third Floors
•
•
•
•
•
•

OPEN TO BELOW

•
•
•
•

Image 45: Second/third floor plan
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(2) Studio Apartments
(4) One Bedroom
Apartments
(10) Two Bedroom
Apartments
(4) Three Bedroom
Apartments
Central Core Throughout
Building
Open To Below, Brewery
Equipment
Community Space with
Seating
Circulation Around Central
Core
Mechanical Room/Storage
Community Laundry Room

N
50’

ROOF PLAN
The roof plan shows oﬀ the angles of the south-facing platforms above and also the similar
continuation of the angles in the balconies below. There will be skylights to below in the apartments
that will be frosted for privacy. It will also include vegetation and seating. Above the existing building
on the right side will be used for event spaces such as weddings, receptions, and parties.

WW
WW
WW
WW

Roof Garden
•
•
•
•
•
•
•
•
•

South Facing PV System
Above
Central Core Visible Below
Visible Brewery Equipment
Vertical Circulation Continued
on Roof
Skylights to Apartments
Below (Frosted)
Seating and tables For
Community Space For
Apartments
Vegetation and Grass
Event Space Above Existing
Building
Weddings/Parties/Receptions

------------------~~

N

10’

WW
WW
WW
WW

~--------'-<-,~1

25’

50’

Image 46: Roof plan
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BUILDING SECTION
SECTION
With the density of a downtown area, the building nearly fills up the entire site. To break this up, the
inclusion of an outdoor courtyard area that splits the addition and the existing building. The courtyard
will include seating, vegetation, and fire pits along with a stage for a band when the weather is nice.
Garage doors on both sides of the courtyard allow for a free-flowing circulation throughout the ground
level. The glazed wall in the back of the courtyard shows the brewery equipment behind. This multistory
core allows for a visual and physical connection of programs throughout the building.

r
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Image 47: Building Section
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EXPERIENTIAL VIEWS

Image 48: Exterior Render

Image 49: Exterior Render
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Image 50: Exterior Render

Image 51: Exterior Render
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Image 52: Exterior Render

Image 53: Exterior Render
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Image 54: Exterior Render

Image 55: Exterior Render
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Image 56: Exterior Render

Image 57: Exterior Render
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Image 58: Exterior Render

Image 59: Exterior Render

Repairing Our Fabric:
Social, Economic, and Environmental

59

Image 60: Interior Render

Image 61: Interior Render
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Image 62: Interior Render

Image 63: Interior Render
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WALL SECTIONS

Treated 2x4
Wood Blocking

Metal Coping
w/ Drip Edge
Fluid Applied Membrane
R-Rated
Sheathing

2x4 Wood Stud w/
7” spray foam

Modular Brick

WoodTruss w/
Spray Foam

OSB Sheathing

Moisture
Barrier

2x12 Wood
Floor Joist

Gypsum
Board
Concrete
Footing

Concrete
Floor

EXISTING BUILDING
Image 64: Existing Wall Section
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D

Fluid Applied
Membrane
2x4 Treated
Wood Block

4” Rigid
Insulation
Corrugated
Metal Decking

Metal Coping
w/ Drip Edge
WoodTruss w/
Spray Foam

R-rated
Sheathing
Modular
Brick

Staggered 2x4 & 2x6
Wood Stud w/ Fiberglass

2x12 Wood
Floor Joist

Concrete
Platform

Staggered 2x4 & 2x6
Wood Stud w/ Fiberglass

Gypsum
Board
Concrete
Footing
Rigid
Insulation

Concrete
Floor

BUILDING ADDITION
Image 65: New Wall Section
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SYSTEMS LAYOUT
SYSTEMS
For the building’s heating and cooling systems, a ground source heat pump will be installed. Boreholes
will be on a grid throughout the site and will go 450’ deep into the ground. The benefit of ground
source heat pumps is they concentrate naturally existing heat, rather than by producing heat through
the combustion of fossil fuels. Air and/or water circulates through the boreholes and the ground will
regulate the air temperature in the building by heating or cooling the air and/or water.
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HVAC LAYOUT

Image 67: HVAC Plan
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ENERGY PRODUCTION
ENERGY PRODUCTION
Along with a much more highly insulated building envelope and eﬃcient systems, the building will also
include a photovoltaic system on the roof. Having the addition to the existing building allows for a lot
more space for panels to be used, nearly 300 panels can be fit on the roof. This is a 111 kW system and
can produce around 152,000 kWh per year.

PHOTOVOLTAIC SYSTEMS
•
•
•

Panasonic EverVolt Modules
Solar Edge Inverter and Power Optimizer
Tesla Powerwall Batteries

•
•

PV Platforms Angled to Face South
Platforms on a 30 Degree Tilt for Optimum Solar Gain.

Performance
• Plan can fit 300 modules
• 111 kW system
• 152,000 kWh/Year

Image 68: Solar array on roof
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BUILDING PERFORMANCE
PERFORMANCE
For building performance, after the envelope has been heavily insulated and new systems installed,
the energy usage dramatically drops. The building now can have an energy use intensity of 7.9 without
the PV system and -4 with the PV system. Which is much lower than the typical mixed-used building in
our area that has an EUI of 40.1. After running building performance analysis, the building uses nearly
101,000 kWh per year, most of which is being used for hot water, heating, and lights. This means there
is a surplus of 51,000 kWh per year produced by the PV system meaning the building is net-zero and
that energy can be sold back to the grid.
Typical EUI (Energy Use Intensity)
of a Mixed Use Property = 40.1
This Building EUI w/o PV = 7.9
This Building EUI w/ PV = -4

Photovoltaic System
• 152,000 kWh/Year

152,000 kWh/yr - 101,000 kWh/yr = 51,000 kWh/yr to sell back to grid

r

"I

100,000

-

COOLING FAN PUMP
LARGE APPLIANCES
COOLING
VENTILATION FAN

80,000
SITE ELECTRICITY USE (kWh/yr)

•

Brewery Equipment
• 200 barrels of beer per year
• 1 barrel = 50-66 kWh
• 200 barrels/yr x 50 kWh/barrel = 10,000 kWh/yr

60,000

-

PROCESS LOADS

HEATING SUPPL.

LIGHTS

40,000

HEATING

20,000

HOT WATER

\.._

BUILDING DESIGN

~

Image 69: Energy usage chart
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CODES
PROJECT CHECKLIST SET:
EXISTING BUILDING CHARACHTERISTICS
Approximate Area: 14,295 SF

CHAPTER 3 USE & OCCUPANCY CLASSIFICATION
Proposed Occupancy Classification: Group A-2

Fire Suppression System: Sprinkled

Group R-3

Construction Classification: Type III

CHAPTER 5 GENERAL BUILDING HEIGHTS & AREA
Allowable Building Height: 4 Stories

Stories: Building - 3 Stories

Allowable Building Area: Unlimited Area

Garage - 2 Stories
Wall Construction: Building - Brick
Garage - Wood Frame/Brick
Roof Construction: Wood Joist
Building Occupancy Class: Group S-1

CHAPTER 6 TYPES OF CONSTRUCTION
Construction Classification: Type III
Fire Resistance Ratings:
CHAPTER 9 FIRE PROTECTION SYSTEM
Fire Suppression System:

APPLICABLE BUILDING CODES
2014 Indiana Building Code
2014 Indiana Fire Code
2014 Indiana Mechanical Code
2012 Indiana Plumbing Code
2014 Indiana Fuel Gas Code
2020 Indiana Residential Code
2009 Indiana Electrical Code
2016 Indiana Fire Alarm and Signaling Code
Indiana Energy Conservation Code
Safety Code for Elevators and Escalators

The fire area exceeds 5,000 square feet
The fire area has an occupant load of 100 or
more.
The fire area is located on a floor other than
a level of exit discharge serving such occupancies.
Dwelling units and sleeping units in Group I-1
and R occupancies.

ADDITIONAL RESOURCES
2010 ADA Standards for Accessible Design
Fair Housing Act

CHAPTER 10 MEANS OF EGRESS
Occupant Load Factors

ZONING
Location: 618 North Central Avenue

Commercial Kitchen - 200 gross

Connersville, Indiana, 47331

Mechanical Equipment Room - 300 gross

Parcel: 0100433300

the length of the dead-end corridors shall not
exceed 50 feet

Lot: 3
Zoning: General Business Zone

68

Sprinkled where...

Assembly without fixed seats - 15 net
Residential - 200 gross

A dead-end corridor shall not be limited in
length where the length of the dead-end
corridor is less than 2.5 times the least width of
the dead-end corridor.

Ball State University
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Image 71: Code diagram by author
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1 1/2”

Stairs will play a major role in this project.
Although the existing building already has
stairs, with the addition to the building a
new staircase will need to be added to meet
egress and other codes.

STAIRS AND RAILINGS

36” min.
Image 70: Code diagram by author

11”

Existing fire escapes shall be continued to be
accepted as a component in the means of
egress in existing buildings only.

Bedroom

Hallway widths will be enforced thoughout
the old and new parts of the building to
meed the ADA requirments for accessibility.

60”

Any change in occupancy to include Occupancy Groups A and E shall comply with
Chapter 29 for fixture count. If additional
fixtures are required, they shall be designed
and constructed in accordance with, but shall
not be required to exceed the requirements
of Chapter 11.

HALLWAY WIDTHS

12”

CHAPTER 34
EXISTING BUILDINGS & STRUCTURES

~
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DOOR - LATCH APPROACH PUSH SIDE
Door approach clearances are very important for the building. Although not every door has to
have the same clearance, it is very important for doors in the ADA apartments to meet all door
clearnace requirements in order for a person in a wheelchair to be able to maneuver.

I

~-f'

(//IJ ~ 0

-

-

7

48” min. '1
24” min.

~t- -J

- ~o

Im
Image 72: Code diagram by author

RESTROOM CLEARANCE AND GRAB BARS
Clearance and grab bars in restrooms is very important to project because it will need to be
done in both the public and private areas of the building. The brew pub area will have to include
clearances for a wheelchair and a handicap stall and there will need to be an ADA apartment with
a handicap accesible restroom as well.
18”
12”

24”
......___

12”

42”

I
60” radius /

32”
36”
Image 73: Code diagram by author
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COST ESTIMATES
Project Cost Estimate
Unit Cost (Mixed-Use Building)

$129

City Index (Indianapolis)

0.921

Median Cost per SF

$216

Typical Size Gross SF

28,500 SF

Proposed SF

30,000 SF

Conversion Factor

30,000SF/28,500 SF = 1.05

Cost Multiplier

0.99

Cost

30,000 SF x $129 x .921 x 0.99

Building Cost

$3,528,628

Fixed Equipment (8%)

$282,290

Site Development (15%)

$529,294

Movable Equipment (9%)

$317,577

Total Construction Cost

$4,657,789

Architecture Fee (7%)

$326,045

Contingencies (10%)

$465,779

Total Budget

$5,449,613
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CONCLUSION
CONCLUSION
To conclude this thesis I want to revisit this triple bottom line concept. Socially, retrofitting existing
downtown brick buildings can re-establish a sense of place and familiarity in a community.
Creating an environment for gathering and community can increase social life. Economically,
creating business in the downtown district not only improves the economy through the business
itself but also serves as a catalyst for other businesses and employees to move to Connersville and
the downtown area. And environmentally, retrofitting existing buildings to improve their building
envelopes and systems will dramatically lower how much energy will need to be produced and
used within the buildings, lowering our carbon and greenhouse gas emissions footprint. This
concludes my presentation and I would like to open it up to questions and comments.

Social

Retrofitting existing dowtown brick buildings can reestablish a sense of place and familiarity in a
community. Creating an environment for gathering and community can increase social life.

Economical

Creating business in the downtown district not only improves economy through the business itslef but
also serves as a catalyst for other business and employees to move to Connersville and the dowtown
area.

Environmental

Retrofitting existing buildings to improve their building envelopes and systems will dramatically lower
how much energy will need to be produced and used within the buildings, lowering our carbon and
greenhouse gas emissions footprint.

Conclusion

This project taught me a better understanding of building performance and the rehablitation and
retrofitting of existing buildings. By incorporating PHIUS Prescriptive Pathway and improving building
performace we are able to make existing buildings net zero.

Reflection

This thesis is is a progression of work during my final year of my college career at Ball State University.
It shows the knowledge I have gained thanks to various mentors in the architecture department. I was
able to find a solution to a problem that we face in the world with existing buildings and energy usage.
I have prepared myself for a future in the field and in life.

Next Steps

With more time I would have done some things diﬀerent. I would have further develpoped a structural
plan. Further developed the roof and how the skylights can be incorporated into benches on the roof. I
would also like to further develope the interior renderings to better showcase the design.
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RECOMMENDATIONS
Some recommendations for furthering this studying would be to look into how the wall sections
will perform with moisture and water within the wall. You can do this by using the software WUFI
to understand how much water can enter and leave the wall. Excess water can damage the wall
greatly so being able to vent the wall or keep the water out as much as possible will be needed.
Another recommendation would be to further study how the economy would react to the new
business. Being able to justify the price of the construction is crucial to understanding how the
economy can benefit from it. Doing both of these would improve this thesis study and create a
more well rounded analysis.
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Image 02: Exterior facade. Photo courtesy of Gregg Mastorakos
Image 03: Diagram of Passive and active strategies used. Diagram courtesy of SmithGroup
Image 04: Exterior view. Courtesy of the University of Maryland
Image 05: Interior view. Courtesy of Life of an Architect
Image 06: Diagram of process of energy modeling by Ming Hu
Image 07: Diagram of wall section by Ming Hu
Image 08: Exterior view. courtesy of Atlas Obscura
Image 09: Interior view. courtesy of the Rapid City Journal
Image 10: Historic Image courtesy of the Firehouse Brewing Company Facebook page
Image 11: Image 13: Diagram by author
Image 12: Exterior rendering courtesy of Lewin, Spencer, and Goodwin
Image 13: Exterior rendering courtesy of Lewin, Spencer, and Goodwin
Image 14: Diagrams courtesy of Lewin, Spencer, and Goodwin
Image 15: Exterior photos before vs after courtesy of ERA Architects
Image 16: Interior Insulation photo courtesy of ERA Architects
Image 17: Diagram courtesy of ERA Architects
Image 18 Exterior rendering courtesy of Diamond Schmitt Architects
Image 19: Exterior rendering courtesy of Diamond Schmitt Architects
Image 20: Diagrams courtesy of Dr. Randy Van Straaten
Image 21: Location and Neigborhood Context diagram by author
Image 22: Spatial diagram showing surround context by author
Image 23: Directional traﬃc diagram by author
Image 24: Building size diagram by author
Image 25: Site image from Central Ave.
Image 26: Site image from Central Ave.
Image 27: Site image from Central Ave.
Image 28: Site image from Central Ave.
Image 29: Site image from alleyway
Image 30: Site image from alleyway
Image 31: Site image from alleyway
Image 32: Site image from alleyway
Image 33: Lighting diagram by the author
Image 34: Safety diagram by the author
Image 35: Vacancy diagram by the author
Image 36: Sun path diagram by the author
Image 37: US climate zone map

74

Ball State University

Image 38: Historic photos of downtown Connersville’s
Image 39: Historic photos Connersville’s car manufacturing
Image 40: Photos of dowtown Connersville’s current conditions
Image 41: Form progression diagram
Image 42: Form progression
Image 43: Form Progression
Image 44: First floor plan
Image 45: Second/third floor plan
Image 46: Roof plan
Image 47: Building Section
Image 48: Exterior Render
Image 49: Exterior Render
Image 50: Exterior Render
Image 51: Exterior Render
Image 52: Exterior Render
Image 53: Exterior Render
Image 54: Exterior Render
Image 55: Exterior Render
Image 56: Exterior Render
Image 57: Exterior Render
Image 58: Exterior Render
Image 59: Exterior Render
Image 60: Interior Render
Image 61: Interior Render
Image 62: Interior Render
Image 63: Interior Render
Image 64: Existing wall section
Image 65: New wall section
Image 66: Bore hole locations
Image 67: HVAC Plan
Image 68: Solar array on roof
Image 69: Energy Usage Chart
Image 70: Code diagram by author
Image 71: Code diagram by author
Image 72: Code diagram by author
Image 73: Code diagram by author

Repairing Our Fabric:
Social, Economic, and Environmental

75

BIBLIOGRAPHY
Aigwi, Itohan Esther, Temitope Egbelakin, and Jason Ingham. “Eﬃcacy of Adaptive Reuse for
the Redevelopment of Underutilised Historical Buildings.” International Journal of Building Pathology and Adaptation 36, no. 4 (2018): 385–407. https://doi.org/10.1108/ijbpa-01-2018-0007.
Aksamija, Ajla. “Impact of Retrofitting Energy-Eﬃcient Design Strategies on Energy Use of
Existing Commercial Buildings: Comparative Study of Low-Impact and Deep Retrofit
Strategies.” Journal of Green Building. Allen Press, November 1, 2017. https://meridian.
allenpress.com/jgb/article/12/4/70/116220/IMPACT-OF-RETROFITTING-ENERGY-EFFICIENT-DESIGN.
Aksamija, Ajla. “Regenerative Design of Existing Buildings for NET-ZERO Energy Use.” Procedia
Engineering 118 (2015): 72–80. https://doi.org/10.1016/j.proeng.2015.08.405.
Bullen, Peter A., and Peter E.D. Love. “Adaptive Reuse of Heritage Buildings.” Structural Survey
29, no. 5 (2011): 411–21. https://doi.org/10.1108/02630801111182439.
“City of Connersville.” Accessed September 16, 2021. https://www.connersvillecommunity.com/
connersville/.
Fiala, Jan, Milan Mikolas, and Katerina Krejsova. “Full Brick, History and Future.” IOP Conference Series: Earth and Environmental Science 221 (2019): 012139. https://doi.
org/10.1088/1755-1315/221/1/012139.
Firehousebrewing.com. Accessed October 13, 2021. https://www.firehousebrewing.com/aboutus/.
Hu, Ming. 2019. “Cost-Eﬀective Options for the Renovation of an Existing Education Building
toward the Nearly Net-Zero Energy Goal—Life-Cycle Cost Analysis” Sustainability 11, no.
8: 2444. https://doi.org/10.3390/su11082444
Johansson, Pär, and Paula Wahlgren. “‘Interior Insulation Retrofit of a Brick Wall Using Super Insulation Materials: Design of a Field Testing in an Industrial Brick Building.’”
Healthy, Intelligent and Resilient Buildings and Urban Environments, 2018. https://doi.
org/10.14305/ibpc.2018.be-7.03.
Ladhad, Akash, and Kristen Parrish. “PHOENIX’S First NET-ZERO ENERGY OFFICE RETROFIT: A
Green and LEAN Case Study.” Journal of Green Building 8, no. 4 (2013): 3–16. https://doi.
org/10.3992/jgb.8.4.3.
Langston, Craig, Francis K.W. Wong, Eddie C.M. Hui, and Li-Yin Shen. “Strategic Assessment
of Building Adaptive Reuse Opportunities in Hong Kong.” Building and Environment.
Pergamon, November 19, 2007. https://www.sciencedirect.com/science/article/abs/pii/
S036013230700203X?via%3Dihub
Lewin, Susan Spencer, and Craig Goodman. “Transformative Renewal and Urban Sustainability.”
Journal of Green Building 8, no. 4 (2013): 17–38. https://doi.org/10.3992/jgb.8.4.17.

76

Ball State University

Lu, Jacqueline, Valentina Marincioni, Scott Allan Orr, and Hector Altamirano-Medina. “Climate
Resilience of Internally-Insulated Historic Masonry Assemblies: Comparison of Moisture
Risk under Current and Future Climate Scenarios.” Minerals 11, no. 3 (2021): 271. https://
doi.org/10.3390/min11030271.
Sanders, Arthur L, and Kevin Magness. “Brick Maintenance and Repair for Historic and Landmark Structures.” Journal of architectural technology, 24, no. 1 (2007): 1–8.
“The Impact of Adaptive Reuse on Economic Development.” IA Interior Architects, April 17,
2019. https://interiorarchitects.com/the-impact-of-adaptive-reuse-on-economic-development/.
Watson, Mark. “Adaptive Reuse and Embodied Energy.” Industrial Heritage Re-Tooled: The TICCIH Guide to Industrial Heritage Conservation (2016): 136-141.
Weaver, Susan. “Creating a Sense of Place: A Common Vision.” Build a Better Burb, n.d. Accessed October 12, 2021.
Yazdani Mehr, Shabnam, and Sara Wilkinson. “The Importance of Place and Authenticity in
Adaptive Reuse of Heritage Buildings.” International Journal of Building Pathology and
Adaptation 38, no. 5 (2020): 689–701. https://doi.org/10.1108/ijbpa-01-2020-0005.

Repairing Our Fabric:
Social, Economic, and Environmental

77

78

Ball State University

Repairing Our Fabric:
Social, Economic, and Environment
Noah Gibson
Bachelor of Architecture
Professor: Robert J. Koester, AIA LEED AP
Advisor: Tom Collins, PhD, AIA, LEED AP
College of Architecture and Planning
Ball State University
Muncie, Indiana
Proposed Site:
618 North Central Avenue
Connersville, Indiana
Thesis Report - Spring 2022

Repairing Our Fabric:
Social, Economic, and Environmental

79

