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Abstract
In the current apartment rental market, energy efficiency of buildings is not typically a primary
consideration for renters. The European Union has attempted to address this market failure by
providing information on energy consumption and CO2 emissions to potential building users.
This rationale is underpinned by the idea that informed users may prioritize efficient buildings
and, if needed, they would even be willing to pay a market premium for them because of
energy savings, environmental conservation, and more subtle health benefits. The
development of various standards and certificates has also been dedicated to defining the
specifications of a green building. However, this information is often geared towards
professionals and may not be easily accessible or understandable for renters. Renters may not
be aware of the specifications and design characteristics that influence a building’s energy,
environmental performance, or effects on occupants’ health. This research aims to bridge this
gap by enabling renters to make an informed decision based on the performance of the
apartment they wish to rent. This is achieved by developing a software application that
provides a curated set of metrics for comparing the energy, environmental, and occupant
health performance of multi-family apartment buildings. The first part of the research involved
curating relevant metrics from various standards, developing a benefit-based definition, and
creating a scoring system to compare apartments. The second part involved testing the
hypothesis through renter surveys and the development of a prototype. By introducing
performance metrics as a purchasing factor, this research may also increase demand in the
market for more efficient and sustainable buildings. Ultimately, this application will enable the
evaluation of buildings in the rental market based on their performance characteristics, in
addition to design aesthetics, locational benefits, price, and unique luxury features.

Keywords: sustainability; green certificates; energy performance certificate; green building
premium; building metrics; EPC; property investment; property valuation; property value; cash
flow; real estate; review; sustainable development
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2: Abbreviations
EU: The European Union
IEQ: Indoor environmental quality
P.M. levels: Particulate matter levels
WTP: Willingness to Pay
USGBC: US Green Building Council
WWR: Window to Wall ratio

3: Definitions
GB: Green Building: A GB usually refers to a building that considers and minimizes its impact on the
natural environment and human health, utilizes considerably less water and energy than a non-GB,
generally has higher levels of indoor air quality, and accounts for some measure of the lifecycle impact
of choices amongst different kinds of building materials, furnishings, and furniture (Yudelson, 2009a).

EPC: Energy performance certificates (EPCs) are a rating scheme to summarize the energy efficiency
of buildings. Home energy performance rating charts.

Certified buildings: A certification is a globally recognized symbol of sustainability achievement and
leadership. For e.g., LEED Certification.

Kyoto Protocol: The Kyoto Protocol operationalizes the United Nations Framework Convention on
Climate Change by committing industrialized countries and economies in transition to limit and reduce
greenhouse Gasses (GHG) emissions in accordance with agreed individual targets.
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4.1: Introduction
The construction industry has a profound impact on the natural environment, public health,
economy, and productivity (US Green Building Council (USGBC, 2003)) and the buildings have
a crucial role in preventing anthropogenic climate change, as they are responsible for 40% of
the world’s energy consumption and carbon emissions [1]. This calls for an urgent need to
increase the rate of sustainable building construction in the real estate market. A study
conducted by Darko states there are four factors that affect adoption of sustainable buildings in
the market which are regulations, certifications, demand from clients and awareness. Of these
four, certifications commands the most attention from building developers and will therefore be
fleshed out in the subsequent paragraphs.

Considering the certifications factor, it is found that the value of certifications vary in different
markets. There are multiple green building certifications in the market, created with different
intentions and goals like LEED, Well building standard, EPC and NABERS amongst others.
The adoption of green certificates has been quicker in the U.S. as compared to other parts of
the world. Holtermans et al. (2019) noted that by 2014, approximately 40% of the assets in the
30 largest U.S. office markets had gotten LEED or ENERGY STAR certification. However, this
is not the case in all property markets, and there are obstacles hindering the adoption of green
certificates. While there is broad agreement regarding the advantages of green certificates
(GC), there is a dearth of research investigating the cost-effectiveness of the investments
required to get certification when compared to the number of studies examining the benefits of
GC. Not all markets may view GC as equally desirable. For instance, even without certification,
standards are high and construction quality is good for the Nordic nations. As a result,
certificates may have less informational value than in some other markets where construction
quality fluctuates significantly.

Therefore, it becomes imperative to understand the importance of certification to the two most
essential players of the real estate housing market; developers and renters. The financial
benefits of certification for the developers is dependent on multiple factors in the real estate
market, ranging from the quality of construction, cost of the project to the neighborhood value
of the project. Compared to non-certified buildings, certified buildings appear to be of higher
quality. For instance, Robinson et al. (2015) noted that only 2% of homes sold for less than
$26 million were verified, compared to over 35% of properties with transaction prices
exceeding $60 million. The results of the studies that were looked at were clearly biased
because better buildings are more likely to get certified. According to Eichholtz et al. (2010),
less expensive sections in metropolitan areas and smaller, lower-cost regions had greater rent
surcharges. Robinson et al. (2017) also noted that, whereas rental premiums were present in
low and moderate-value buildings, they were absent in (certified) high-value buildings. They
speculated that the lesser volume of certificates in these segments compared with the
high-value segment may cause this. It is no longer seen as something that makes high-value
structures stand out because having a certificate is now the norm. For instance, Olaussen et
al. (2017) investigated apartment prices in Norway before and after introducing Energy
Performance Certificates (EPC). They discovered that apartments that appeared to have a
price premium for a better energy rating sold for a premium before the market’s introduction of
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the energy certificate system. Over time, it has been seen that the supply of sustainable
structures is growing, which lowers rent premiums. Compared to more developed markets like
the U.S. and the U.K, Costa et al.’s (2017) research showed that green certificates increased
rental surcharges in developing markets, which may be because of the greater scarcity of
certificates and lower sustainability criteria in emerging nations. Thus, the financial benefit for
developers from certification reduces as more buildings get certified.

In the case of renters, multiple studies focus on analyzing if they are willing to opt for buildings
with certifications or buildings with specific building features. Reichardt et al. (2014) found that
savings in operating expenses explained approximately 50% of the rent premium. They
suggested that the other half of the premium could be explained by intangible benefits, such as
increased employee productivity. Jang et al. (2018) found that tenants were more likely to rent
if they had a certification, but that having a higher certification score didn’t make them more
likely to rent. Robinson et al. [3] researched which sustainable building features tenants were
most willing to pay for in their sample of almost 3000 leases in 300 buildings across the U.S.
According to their results, tenants valued improved indoor air quality, access to natural light,
and recycling possibilities most highly among the identified green features. The certification of
buildings was ranked 14th out of 18 features. According to the results of Robinson et al. [3],
access to public transportation, walking distance to services, natural light, premium HVAC
systems, and electric car charging stations had significant independent rental premiums in
their sample, which included almost 200 buildings and information on approximately 2250
leases. In their study about the green preferences of business tenants in Helsinki, Finland,
Karhu et al. [6] found similar signs. Their takeaways demonstrated that location (in an
environmental context) was ranked first, followed by energy efficiency and teleconferencing
possibilities. Certification was ranked as the least important of the listed sustainable building
features. Based on the reviewed studies, tenants will pay for desirable building features
associated with sustainable buildings, not just certification itself.

On the other hand, personal benefits from green features affect tenants’ willingness to pay for
certifications and sustainable property features. This is key to motivating established property
investors to improve property sustainability. Although the market is going to decrease the value
of the property as certifications become more common, the only way to keep the prices up is
by introducing to the renter the other building features that can have a benefit on their health
and productivity, that the renters can benefit from. Matisoff et al. (2016) found factors that
could cease people from choosing sustainable buildings, such as a lack of incentives, support,
information, demand, regulations, and market failures. This lack of knowledge amongst renters
is the gap in the current state of studies and practice where real estate developers and
investors can make the most of it, which will push the industry towards green building
adaptation. Thus, improving sustainability in built environments is important for real estate
investors as well, who can choose to affect the world for the better by investing in sustainable
properties which will give them an edge over non sustainable buildings [2]. This is because
renters with more knowledge about better performing buildings will choose buildings with
greener attributes as compared to other buildings. Renter’s prioritizing buildings with
sustainable features also links back to the last two factors identified by Darko, as stated in the
beginning - demand from clients and awareness for adoption of sustainable buildings. Thus,
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this thesis focuses on increasing awareness of renters about green building attributes in the
real estate market.

By increasing awareness, this thesis will have two major impacts on the real estate market.
First, once the renter has a better understanding of green buildings and the benefits they can
gain from it, they will select more sustainable buildings to live in. Secondly, as a byproduct of
this first impact, the increase in demand for better performing buildings will result in a more
sustainably driven rental market which will also be beneficial for the developers.

To achieve these goals, a mobile application is proposed that will enable a renter to make a
comparison between their short listed properties based on performance. For instance, if a
renter has three apartment buildings short listed as their choices, they will be able to select the
better performing building which will be judged on the basis of technical sustainability metrics
that are defined in the field of building science. The App will be designed keeping in mind that
it is not meant for technical experts in the field but renters from outside the field of building
science. It will help the renter pick a better performing building out of their choices, while at the
same time increasing their awareness about building performance.
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4.2: Literature Review

Fig 1: Literature Review diagram
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Factors considered by Renters today
When a renter goes into the market looking for an apartment, they have a certain set of criteria
in mind. A study conducted by Apartment Guide (2019), surveyed renters about the most
important factors when they look into renting apartments[4]. 44% of the respondents said a
price that fits their budget mattered the most. Location was the next important factor for 29% of
respondents, followed by a pet-friendly place, accessibility for seniors/disabilities, and
family-appropriate housing. Regarding what they take note of when looking at apartments,
price was most important, followed by neighborhood, whether utilities are included (39%),
specific amenities (31%), aesthetic features (29%), and property management (24%) [4].
Additionally, a real estate guide recommends that renters look at the location, price, size,
number of bedrooms, kitchen layout, appliances, age, and maintenance [5]. It becomes clear
from these studies that price and location are the top two aspects, as one would expect.
However, unlike other products/gadgets in the market, the performance of the building is not
taken into consideration by most of the renters before they rent an apartment.

The study conducted by Ramesh Koeri (2016) takes the previous work further by surveying the
renters about certain factors amongst others, that hint towards building performance. It
measures the factors influencing customer choice in renting apartments in Bangkok, by
surveying customers who had the experience of renting an apartment or currently renting it. A
couple of factors that will provide an insight for this web based tool and that were statistically
significant in influencing the decision are 1) price - electric/water cost, repair maintenance
cost, 2) physical environment - has presence of greenery and 3) brand perceived quality - if
they use a good material and if it is well maintained. This is indicative that renters are
responsive to building performance factors if they believe they have something to gain from it.
Unfortunately, there isn’t enough awareness/knowledge in the market about the green
attributes of a building for a renter to make an informed decision.

Existing tools and their Limitations
To address the lack of awareness about building performance, certain existing tools,
certificates and services have been developed by different bodies to help a renter assess the
performance of the apartment. In the EU, the EPC (Energy Performance certificate) has been
made compulsory by law to be provided to the buyer/renter for the apartment. EPCs are on a
comparison scale from A (most effective) to G (least effective). It was developed with the
intention of providing crucial help to consumers when choosing products that use less energy.
"In 2019, the energy label was recognized by 93% of consumers and 79% considered it when
buying energy efficient products” according to Special Eurobarometer 492 [7]. The EPC not
only shows the current status of energy efficiency, but also shows the improvement options,
their costs and the associated cash savings. This is useful for the owner when looking for ways
to improve the energy efficiency of the property[7]. It lists the Energy Use Intensity (EUI) and a
Carbon Dioxide Exposure rating. In addition, the heating, cooling and hot water costs per year
are given. On the downside, according to research by Võsa, K.-V. et al (2021), it seems that
among other factors mentioned, there is no mention of the building's IEQ or water
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consumption. The energy rating is area dependent and may not be accurate as it does not
take occupancy into account. The study also mentions that EPC uses default values in certain
cases to reduce assessment costs which may be misleading to the buyer [8].

Home Energy Score -- a tool developed by the DoE -- was launched in 2012 with the intention
to provide home buyers with a reliable tool to help understand their energy efficiency. In return,
they hoped it would help improve the performance of the U.S housing stock. It provides the
user with an energy score and a list of suggestions with related possible savings if they
improve on the suggestions given by the report. The scale is a simple 1 to 10 score which
assumes a few default conditions like thermostat setting, number of people, etc [9]. On the
downside, this tool only analyzes the energy consumption and does not provide a complete
picture to the homeowner about the other performance factors like indoor environmental
quality of the house. Additionally for this tool, a user either needs to undergo training to make
an assessment of the house or opt for this service. Since this process does not directly
address the owner, it is less likely to increase awareness about the green attributes of a
house.

Asset score, also developed by the Department of Energy, turned out to be a complex tool
without raising user awareness. It has a similar intent as the Home energy score, but for
commercial and multi family residential buildings. This software allows the user to compare
energy efficiency of buildings and is free to use. It also provides recommendations for energy
efficiency upgrades. However, it requires a user to download a software package and
understand a guide with steps about how to build the energy model for their building in the
software. It involves steps like providing basic building information, building type, inventory of
building features, creating a 3d block of the building, adding technical details of construction,
lighting, HVAC and other systems of the building and generating a report that should be
submitted to the authorities [10]. It can be a useful tool to a user but majority of the users may
not opt to develop an elaborate energy model to understand how their building performs
without understanding the importance of the green attributes.

Similarly, certain real estate companies are also providing energy efficiency information to
home buyers. KB home for instance, provides an Energy Savings Comparison information next
to every home layout. This ESC is a comparison between the energy consumption of the
house the buyer is chasing compared to a typical US house [11]. They also provide a HERS
Index score and Energy Star certificate for the house. Additionally, they also provide a slider
with an estimate of savings over the years for the house they pick as compared to a typical
home. They claim that usually the buyers see energy savings of an average of 80% for their
homes as compared to a typical US home. This interactive energy data is provided on their
website as a part of the house details. This is informative data that a user can use to compare
KB Home houses, however like the previous tools, it does not provide IEQ information or raise
awareness/provide knowledge in buyers to encourage them to invest in green attributes.

There are a handful of initiatives as stated above that intend to assist buyers, renters, and
owners in learning more about their building's performance. However, most of them only
account for energy use and most importantly, they fail to raise awareness amongst the building
users about building performance. The question arises if this lack of awareness/knowledge is
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one of the major reasons why renters do not consider green attributes while renting an
apartment.

Renters and Willingness to Pay (WTP)
Several research studies, which have been summarized in this section, have investigated
renters' willingness to pay for a high-performance building and explored their motivations for
paying or not paying. In cases where they are not willing to pay, these studies aim to identify
the underlying reasons. One such study is conducted by Hitaj, C et al, that evaluates a dataset
of the sales of all apartment buildings having 5 to 19 apartments in Los Angeles County
between 1989 and 2008 and the air pollution data from U.S. Environmental Protection
Agency's (EPA) AirData monitor queries. They correlate ambient air pollution and apartment
building prices. The research results found that higher levels of ambient ozone pollution, lower
sale prices for apartment buildings, which is consistent with renters' negative valuation for air.
The results of this study conclude that renters were willing to pay $14 to $52 in constant 2010
dollars for a 1% reduction in 1990 ambient ozone pollution levels as measured by the 1 hour
maximum value in Los Angeles [26]. Thus, the renters’ negative valuation of the air and hence
the willingness to pay highlights that the renter’s awareness played a role towards this green
investment. It also shows that a renter is willing to pay for a personal health gain.

The same results are validated by a study conducted in Nanjing, China that showed that
although the socio-economic status of homebuyers determined their WTP, all socio economic
groups were willing to pay for an unpolluted environment and for non toxic construction
materials [12]. The study also used very clear terminologies like toxic materials which even
got the lower socio-economic group to be willing to pay for the attribute. This emphasizes the
importance of conveying the importance of the green attribute to the consumer.

Similarly, Anastasia Njo et al carried out a study to understand the willingness to pay of the
public with relation to their awareness of green apartments. The results showed that 83.846%
of respondents understand green building, where 38.532% are willing to pay 5% and 39.755%
are willing to pay 6%-15% to get a green apartment from the total purchase price. The findings
from the study were that if the individual had higher environmental awareness, their WTP was
higher. This environmental awareness mainly included sorting of trash, use of energy saving
lamps, and waste treatment systems. However, they did not evaluate if the respondents
understood green attributes of a building but nonetheless, it successfully demonstrated that
higher awareness led to more WTP. Similar to the previous findings, this study also found that
people were more interested in attributes that gave them personal gains as compared to
environmental gains. [13]

In another study, Yung Yau found a direct correlation between perceived importance of the
attribute and willingness to pay. They found that 70% of people were willing to pay for LED
light and water saving fixtures and their perceived importance for these attributes was also
high. Another important conclusion was that the WTP for green housing attributes was
motivated by economic incentives like payback periods in addition to moral reasons [14]. Thus,
the provision of life cycle cost analysis can sway the renter to invest in better performing
buildings.
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In order to understand which green factors in a residential building affect the renter’s decision,
a study in Singapore researched a residential real estate property that had undergone a few
green retrofits. They found that 56% percent of the people were willing to pay for more retrofits
because of the following reasons : to achieve cost savings from lower utility bills in the long run
(mean assessment : 4.48), the availability of financial assistance and green loans (4.60),
saving the environment (3.98), and higher resale value. Economic considerations which had
personal gain was the top priority for the residents. The most popular green features they were
willing to pay for was something that they had already experienced like LED lights (91%
residents) and low flow water fixtures(87% residents). Low e film windows had the lowest
preference because its benefits were unknown to them[15]. This again proves that awareness
and prior experience increased their willingness to pay and their preference. This is also
confirmed by a paper mentioned earlier by Ramesh Koeri (2016) about real estate factors that
matter, where the results showed that statistically significant factors that affect a customer’s
choice are information from others and from past experience [5].

From these multiple studies, it can be concluded that the different factors affecting WTP are
user awareness/knowledge, prior experience, information from others, perceived importance,
personal gain - financial and health. To provide the renter with these factors, it is important to
identify the benefits that the renter can gain from a better performing building. These benefits
will provide the renter with the personal benefits and explain the importance of the green
attributes in their apartment.

Benefits which interest the renter

The benefits of living in a better performing apartment can be numerous. They can be broadly
categorized into three categories as also suggested by the BIDS tool - Financial, Health and
Environmental [17]. One of the most common financial benefits is reduction in utility bills from
less energy use. This has been validated through various studies. One such study was done
by Kim J. et al (2014) where they studied the results of energy consumption for two types of
house in Los Angeles, California - one with green features and one without. The following
retrofits were added to the house : electrical vehicle charging stations, alternative building
power supply by solar panel technology, ENERGY STAR® qualified hard-wired fixtures, and
high-efficiency water heater, cooling, and heating systems. Post these retrofits, they found a
54.60% savings per billing cycle compared to that of the house without retrofits. This resulted
in an average savings of $214.76 per billing cycle for the user. [18] However, these figures
were predictions based on real data and not a real case study. These results were predicted
from a multiple regression statistical model which was based on data collected from 110 single
family houses located in Los Angeles. This can indeed be a useful method to predict savings,
which will be explored in the methodology section. The study also provided life cycle cost
analysis for the PV panels would break even after eight years of the 25 year cycle with a
$1,043 /year profit then onwards. Such LCCA can be useful in convincing the user to invest in
green attributes.
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Researchers from the previously mentioned study about a residential estate in Singapore
found that the newly installed outdoor street LED lighting had reduced energy consumption by
at least 50 percent, compared to traditional lighting systems; the elevator energy regeneration
systems used 20 percent less energy than those conventional lifts and the same was reflected
in the energy bills of the estate. [15]

Reduction in energy also directly implies reduction in the greenhouse gas emissions of the
apartment. This counts as one of the most important environmental benefits amongst others.
In 2005, Takama et al. In a case study of the Next21 residential building in Osaka, Japan, a 27
percent increase in CO2 emissions, and a 74 percent reduction in NOx gas production, a 27
percent reduction in building-wide energy consumption, are firmly due to a combination of
advanced mechanical systems and strategies Design including absorption chiller, fuel cell,
reinforced insulation and passive solar heating.[19]

A good volume of studies also covers the health benefits of better performing buildings. In a
study conducted in single family homes in Cook County, IL and IN, they found that by
increasing the ventilation rate from 39 cfm to 79 cfm , there was a statistically significant
reduction in headaches in children by 31% and Psychological distress score in adults reduced
by 32%. [18] In another study , they installed air purifiers with a pre-filter, an active carbon
filter and a HEPA filter in households and found a 9.12% increase in asthma control in children
[20].These studies have been carried in homes and comparatively lesser studies have been
found for residential apartments. This hints that further research needs to be conducted to
quantify similar benefits in apartment buildings.

In a study conducted in Malaysia, Shafiei et al (2021) researched which green benefits was the
public most aware about . The research proved that the public was most aware of
environmental benefits (3.91 mean) like air and water quality, less about economic(3.58 mean)
and social(health) benefits(3.51 mean). The study showed a strong statistical correlation
between green awareness and WTP (R Square: 0.825, sig: 0.000). In sync with previous
findings, the most important features for the public were the ones that gave them personal
benefits like IEQ, energy efficiency and greenery [21]. There can be multiple such benefits for
different green attributes under the three categories as stated above. These benefits will help
educate the renter about the importance of their respective green attributes.
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Sustainability metrics to guide the Renter

For the purpose of our study, it becomes imperative to identify the green attributes that will
provide similar financial, health and environmental benefits to an apartment renter. In order to
do so, five of the known green building standards and certificates are evaluated to extract the
performance metrics that relate to apartment buildings : High performance building magazine,
Home energy score by PNNL, Leed v4.1 : Operations and Maintenance, Leed v4.1 : BD&C,
IECC 2021, Well building standard v1 2016, Ashrae 2022 (90.1, 55, 62.2).

Because these six certificates have been developed with different goals, it's imperative to
understand how their performance metrics can contribute towards building this software
application. Home energy score by PNNL focuses on the physical performance attributes , i.e,
its construction and systems.[22] It focuses on evaluating the performance of the construction
like the materials used, R value of all walls, slabs, the SHGC value of the window glazing, the
heating system, cooling system, DHW system and PV system if any. Leed v4.1 : Operations
and Maintenance, on the other hand, is a more comprehensive standard which covers location
and transportation, energy efficiency, water efficiency, IEQ, materials and construction,
cleaning policy, pest management policy.[23] A standard like the Wells v1 2016 contributes to
adding metrics that directly affect human health.[24] As an example, this includes inclusion of
physical activity spaces in the building and metrics related to biophilia amongst others.
Environmental Performance Certificate is similar to the PNNL score where it focuses on the
energy performance of the building. It captures the energy usage, the performance of the
building construction and systems.[7] The high performance building Magazine, because it is a
magazine and not a standard, evaluates the building on different metrics for every project
based on which metrics are more relevant to the project. In addition to the standard metrics of
energy usage , construction and systems, it highlights the relevant metrics like demand control
ventilation , controls, coffered ceilings. It also highlights passive techniques used by the
building like evaporative cooling, cross ventilation, integration of courtyards [25]. This can be a
useful feature for the proposed tool as it can raise awareness among the renters about the
passive techniques. Evaluating these distinct standards provides an extensive base for further
development of this performance comparison tool.

4.3: Research question
How can a renter be best informed to choose a more efficient and healthier apartment based
on its performance?

The literature review aimed to address the question of how to assist renters in selecting a more
sustainable apartment from their shortlist. As revealed by the gaps in the literature, very little
research has been done to empower renters in this regard. The study aimed to develop a
framework to support renters in making informed decisions and promoting sustainable
buildings in the rental market. The research question was based on the following hypothesis.
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4.4: Hypothesis
If renters understand the building performance, then they will choose more carbon and IEQ
efficient apartments. This, in turn, will create a greener rental market by increasing demand
and encouraging developers to construct more sustainable buildings.

4.5: Solution/System diagram
Figure 2 illustrates the operational system diagram of the application. There are three
stakeholders involved - the renter, the existing tenants and the developer. The process begins
with the renter shortlisting their choice of apartments based on their preferences. The software
application would then provide a list of questions under different categories to the renter,
existing tenants and the developers. The renter and the existing tenants would usually answer
the more qualitative questions which can be answered by observing the apartment while the
developer would answer more technical quantitative questions like the efficiency of the HVAC
system or the R value of the walls, etc. All their answers will be recorded in the application and
will be analyzed with a scoring system which will be explored in detail in the next chapter. The
application will provide final scores for the shortlisted apartments which will help the renter
make an informed decision based on the performance of the apartment. The renter will gain
knowledge about sustainability and building performance in the process, learning which
benefits they can obtain from different building features and which of their shortlisted
apartments provide those benefits. The developer will receive a list of recommendations based
on the better performing buildings in the neighborhood, they would receive data about what
renters prefer in the market about sustainability and they get a platform to promote their
sustainable building features.
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Figure 2. Systems diagram
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4.6: Methodology
The methodology to develop this software application is broadly classified into two halves-
development and testing + prototype. The development phase consisted of three parts, i.e.,
selection of metrics, humanizing the metrics and development of comparison score. The
testing and prototyping phase focused on testing the hypothesis and developing the prototype.

Figure 3. The methodology process
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4.6.1 Development
Part 01: Selection of metrics

The first step involves identifying and shortlisting relevant building performance metrics for multi-family
apartment rentals. This was achieved by examining multiple certificates and standards related to multi-family
housing, including LEED v4.1-O&M, LEED v4.1-BD&C, Well standard v1, EPC, Ashrae 55 2020, Ashrae
62.2 2022, Ashrae 90.1 2022, AIA COTE_V_1.5.3, PNNL Home energy score, and IECC 2021.
Performance metrics for multi-family buildings were compiled from all of the above standards/certificates,
along with detailed information for each metric. This approach ensured that all aspects of multi-family
buildings were covered and provided a comprehensive base for the application. By studying the different
certificates and standards, a rich set of questions was developed for the application. The metrics were
classified into eleven broad categories, including light, air, water, thermal comfort, energy, noise, access to
nature, hygiene, ecology, materials, and community, as seen in Figure 4, along with their subcategories. This
granular structure helped in defining a framework for the application. The developed structure was used as a
base to create a comparison score and educate the users of the application. A detailed study of the different
certificates and standards can be found in Appendix A.

Figure 4. List of Categories and their icons

Part 02: Humanize metrics
The second part of the methodology focused on humanizing the technical metrics and making
it more under stable to renters and non-experts. As observed in the literature review,
increasing awareness, and understanding among renters is crucial [3]. It was also found that
the consumers responded the most when they saw a personal benefit - financial or health.
Hence, in this part, a benefit-based explanation of every metric has been developed for the
renter and the same has been provided against every metric in the application. An example of
this would be “Ventilation rate” which is a technical metric. The explanation provided for this
metric is “Increased ventilation rate means more fresh air to breathe which is proven to reduce
respiratory and allergic diseases in the occupants.” Environmental, health, and financial
symbology is attributed to each benefit to make them easier to grasp. A legend that outlines
the symbology can be seen in Figure 5.
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Part 03: Comparison score
To select a better performer across the short-listed buildings, renters would require a
comparison score to draw conclusions. As described in the 4.5. Solution section, a list of
questions under categories will be provided to the different entities (renters, existing tenants,
developers). Every question will be about a specific building feature/metric which will help
compare the different buildings. As seen in the different certificates and standards, there are
certain prerequisite metrics or features that a building must have as the very basic and then
there are certain advanced features a building can must continue improving its performance.
Similarly, for the purpose of this application, the questions are divided into basic and advanced
questions. In order to ensure that all buildings are being compared for their most essential
aspects in terms of performance, the framework addresses basic questions that are worth a
flat total of 3 points each. Additionally, the framework includes optional advanced questions,
which provide opportunities for scoring more points based on how many of these advanced
questions are answered for a particular building. The number of points allotted to advanced
questions varies based on how many of the three impacts they address: health, environmental,
and financial. Figure 6 illustrates that basic questions receive a total of three points each, while
advanced questions can earn up to 3, 2, or 1 point(s), depending on how many of the three
impacts they cover. The questions are of two types - binary or multiple choice. Binary
questions receive either all points or 0 points, while multiple choice questions can earn
gradient points based on the chosen answer.

Health benefits Environment benefits Finance benefits

Figure 5. Legend for benefits
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Figure 6. Template of Scoring and type of Questions

Based on the logic explained above, the scoring system has a total of 33 basic questions with
a total 100 points and a total of 80 advanced questions with a total of 150 points. This comes
to a total of 113 questions and 250 points, as seen in Figure 7. This scoring system helps us
provide a final percentage score for the chosen building.
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Figure 7. Total scores

A detailed breakup under every category and their subcategories has been provided in Figure
8 to Figure 17 below. The total number of maximum points that can be gained under every
question has been denoted in these diagrams. As it can be seen from these diagrams, the
basic questions/metrics have a standard three points, and the advanced questions / metrics
keep varying based on their impact. For instance, the energy subcategories mostly have an
environmental and financial impact, whereas the light category has health, environmental and
financial impact. A detailed example under the light category of ratio of window height to room
depth would have a health impact as more light has proven to have a positive health impact on
its occupant. Sufficient daylight would lead to reduced usage of artificial light by occupants,
resulting in lower energy consumption and associated environmental and financial benefits.
The evaluation process considered each question and its respective impact. The air category
was found to have significant health impacts, while within the water category, water quality had
a notable health impact, and water usage had environmental and financial implications. Under
thermal comfort, the envelope section represents the most important features of the building
with all three impacts. Hygiene, noise, and access to nature denote health impacts. Ecology
and materials denote environmental and financial impacts. All these points add up to the total
mentioned above in Figure 7.
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Figure 8. Energy: basic and advanced metric and their scores
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Figure 9. Light: Basic and advanced metric and their scores
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Figure 10. Air : Basic and advanced metric and their scores
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Figure 11. Water : Basic and advanced metric and their scores
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Figure 12. Thermal comfort : Basic and advanced metric and their scores
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Figure 13. Ecology : Basic and advanced metric and their scores

Figure 14. Hygiene: Basic and advanced metric and their scores
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Figure 15. Materials : Basic and advanced metric and their scores
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Figure 16. Access to Nature: Basic and advanced metric and their scores
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Figure 17. Noise : Basic and advanced metric and their scores
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Catalog of questions from methodology
A compilation of all the three parts above is presented in the tables below. These tables
present the questions under every category, their possible answers and the points allotted to
those answers. It also indicates which impacts are valid for those questions, like the diagrams
shown earlier. The tables also present the benefit-based definition which will be provided to the
user of the application to enable them to understand the technical concepts. The source of the
metric has also been mentioned in these tables. The information from these tables was used to
develop the software application and the surveys in the next parts.
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4.6.2 Testing and prototype
The second phase of the methodology includes testing the hypothesis via the renter-based
surveys and developing a prototype. The surveys serve as a means to understand if the
hypothesis holds true. If renters choose an apartment after learning about the building
performance of it, it will prove our hypothesis and the validity of the need for a solution that
could inform the renters about it.
During visit to the apartment, for inspection and enquiry; a mobile application prototype would
serve best since the renter might need to refer to the metrics to ask relevant questions.
Moreover, developing a new platform is more practical since integrating the building
information in the existing model of the real estate platform would require lot of investment and
change in the mental models of their customers. Hence, looking into all the above factors, we
decided to create a new mobile platform where renters can go and get information about the
apartment buildings and their sustainability metrics.

Part 04: Surveys

Based on the data collected from a developer for two apartments in Pittsburgh, a survey was
developed to be sent out to potential renters or people who have rented in the past. A score
was provided to the two apartments and that, along with the performance information was
presented in the survey. The survey was structured in a way that the renter first picks one of
the two apartments based on the factors that are considered today in the market, i.e., rent,
utilities, proximity to office, area and aesthetics. A screenshot of this can be seen from
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Figure 18 below. After this the survey presented information about the performance of the
apartments under all the categories. An example of the thermal comfort category is presented
below in Figure 19. Based on this information, the survey presented the final scores (Figure
20) under all categories and asked the renter to pick one of the two apartments again. The aim
of the survey was to get an insight into if the renter changes their decision based on the
performance-based information. The responses to the survey can be found in the results
section below.

Figure 18. Survey screenshot: Basic information about the two apartments
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Figure 19. Survey screenshot: Performance information under thermal comfort

Figure 20. Survey screenshot: Total scores under all categories
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Part 05: Prototype: Software Application

The prototype for the solution is a software application (App), that would be accessible to
renters at all the stages of renting an apartment, making it easy to access building metrics,
resulting in being more informed and ask the right questions to the developer. The design of
the prototype is divided into following:

1. Onboarding: Once the stakeholders have downloaded the application, the app starts
with an easy onboarding process to inform them about how it works -

a. Learn about Sustainability,
b. Select Apartments,
c. Modify Building Data,
d. Get Sustainability Scores.

2. Renter’s Preferences: The App asks the renters about their sustainability preferences
for the Apartment, which they can relate with the building metrics as well as modify later
if required. This would help them to understand which metrics are important to them.
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3. Selecting Location and Time: The Renter can put the location and time for which they
are looking to rent the apartment. This would allow the app to give precise results based
on the needs of the renter.
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4. Metrics: The App prompts the user with the key metrics to overview the key categories
that are important to them and learn more about the apartment. By clicking on ‘See All’,
the Renter can look into all the Categories and the associated benefits.

5. Shortlist the Apartment and Compare: After selecting the Apartments, the renters can
compare the metrics of different apartments in the dashboard. The dashboard shows
the Overall sustainability scores of each apartment and maps them with Renter
preferences and shows the comparative analysis. We believe this is an important step,
to show the consolidated results to the renters and inform them about the benefits on
health and productivity.
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6. Send information to developer: In the last stage the renter can send this information
to the Developer to request a visit or ask for more information.
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7. Document Building data: Similarly, the app would also help the real estate developers
to list the data collected from the architect, building manager, etc. By doing so, their
listings can gain more popularity because of more data and list additional benefits that
would give them an edge over other real estate developers, earning them more profits.

This prototype targets renters in the Pittsburgh region between the ages of 26 to 40 who are
interested in renting the place and are interested in health, productivity benefits, on top of
sustainability benefits. In the future, the same app can also be developed to include benefits
for developers like correct listing of properties, comparison with other properties etc.

Movie: https://vimeo.com/823725005

4.7: Results
4.7.1: Case study

The application was used to compare two apartments based on the data received from the
developer. Both buildings are in Pittsburgh and have similar areas and price ranges. Their
basic information can be seen from Figure 21 below.
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Figure 21. Survey results

Using the obtained information, the apartments were evaluated based on the aforementioned
scoring system. Here are a few examples of the questions and their corresponding answers:

1) Question:
Are the following appliances energy star certified?
Refrigerator, hvac, hot water equipment and dryer.
Answer:
Apartment 01: None (0 point)
Apartment 02: All (3 points)

2) Question:
Do the windows have triple, double or single glazing?
Answer:
Apartment 01: Single (0 point)
Apartment 02: Double (1.5 points)

3) Question:
What is the fixture flow rate in the bathroom and kitchen?

Answer:
Apartment 01: None (0 point)
Apartment 02: 3 fixtures are low flow (1.5 points)

After answering additional questions about the apartments, the scoring system produced the
following results. Figure 22 shows a breakup of the basic and advanced scores for both the
buildings under all the categories. The advanced score also shows a breakup of the health
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financial and environmental impact. Building 02 does well in many of the categories but loses
points in ecology, access to nature and hygiene whereas building 01 is not doing so well
across all the categories. Figure 23. shows a total summary score under all categories. Figure
24. shows the total score, total basic and advanced score and the percentage of impact under
health, environmental and financial. Building 02 has higher benefits under all three of them as
compared to building 01. The results conclude that building 02 performs better than building 01
in all categories.

Figure 22. Comparison detailed scores under basic and advanced questions

Figure 23. Summary scores under all category
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Figure 24. Total scores and impact scores

4.7.2: Survey
The survey received a total of 33 responses, which is a small sample number and can be
increased in the future scope of this research. As per Figure 25, the results from the survey
showed that before reading the performance-based information, only 8% of the renters picked
Apartment 02 and the majority picked apartment 01 because of lesser rent and proximity to the
office. However, after reading the performance-based information, 68% of the renters picked
apartment 02 because of its better performance. This means 60% of the renters changed their
mind and picked based on the performance, even though the rent for this apartment was
higher. This is an insightful result from the survey that supports the hypothesis and provides
positive feedback for the use of the application.
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Figure 25. Survey results

The renters were also asked to rate the different categories based on their preference and
perceived importance on a scale of 1 to 5, 5 being the highest. Based on their preference
rating, every category received a weightage for the scoring. This changed the scoring results
as seen in Figure 26. The original scores based on performance were 44% and 85%, however
after applying the weightage to each category based on a single renter preference from the
survey response, the scores changed to 33% and 66%. In this case as well, building 02 scored
better. This method provides a customized score for every renter which is a part of the
application. This allows the renter to pick which scoring method they prefer, the one that came
from the application or the one based on their preferences.
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Figure 26. Survey results: Renter preference

The renters were also asked three other questions to gain an insight about the importance of
sustainability for them. As seen in Figure 27 below, it can be seen that 70% of the respondents
were willing to pay more for a sustainable apartment( if it cost more). 88% of them were also
interested to know the performance of the apartment before they rent it. 60% of them would
like to take the time to read the information while others simply wanted to see the results.

Figure 27. Survey results: Importance of sustainability for the renters
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4.7: Conclusions

The proposed application’s primary goal is to help a renter choose a better performing
apartment amongst their other choices, by raising their awareness about building performance
metrics. Survey results support this hypothesis, with 68% of renters choosing a
better-performing building when provided with relevant performance information about their
options. However, it is important to note that these results will need to be confirmed with a
larger sample size in future iterations of this study.

This study makes notable contributions to the field of sustainability in four ways:
1. Introducing a novel prototype to guide renters in selecting sustainable choices,

particularly in the rental market where such an application is not available.
2. Compiling a set of questions that enables non-experts to evaluate an apartment and ask

pertinent questions to the developer
3. Creating an innovative scoring system to assess apartments based on three benefits

that hold significance to renters (health, environmental, and financial)
4. Establishing a platform for raising awareness on building performance in society.

Not having the technical knowledge to make an informed decision before renting an apartment
can also be due to a lack of information available to the renter. . However, providing
comprehensive and understandable information to renters can be challenging. While this
application does not claim to solve the problem entirely, it aims to develop a framework to start
addressing it by empowering renters to understand the performance metrics of buildings and
the benefits of their choices.

As per the hypothesis, the primary goal of this application is to increase the demand for better
performing buildings in the real estate market, thus making it more sustainably built. In addition
to assisting renters in making informed decisions, the application would also benefit
developers by providing them with insights into renters' preferences for sustainable features in
the market. It would also enable developers to learn from the best-performing buildings, gain
knowledge about the performance of buildings in their neighborhood and offer a
sustainability-specific marketing platform that is currently unavailable.

The application has the potential to create a valuable database of multi-family building
performances over time, which can be utilized by various organizations to advance research in
the field of sustainable built environments.
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4.9: Future work

In the next phase of the study, the following three aspects will be targeted:
1. A larger sample size would have to be collected to make statistically significant

statements about the results of the survey.
2. The current scoring system would need additional research into the quantitative aspects

of the three impacts - health, environmental and financial. They currently have a flat one
point if the impact exists, however, in reality one impact would be more than the other
for a particular question and it would be important to provide the correct weightages for
every question. This would require extensive research for every question which will be
conducted in the next phase of the study.

3. The prototype would need multiple user testing studies to understand which parts of it
work and which don’t for further development. The benefit-based explanations provided
against every metric would need to be tested with multiple renters to find the correct
mode and method of explanation that a majority would understand.
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