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Executive Summary
Introduction
According to the Smart City Council, a global network of companies, researchers,
and universities, a smart city uses information and communication technology to
enhance its “livability,” “workability,” and “sustainability” and is an increasingly
important aspect of measuring the competence of a modern city (Dekeles,
“Introduction to Smart Cities”). One of the most effective ways to measure the
completeness of a city is through metrics, which are quantitative, calculable indices
used to determine the “smartness” of a city.
The Research Triangle, a region anchored by three well-known universities, has
become a growing icon in the state of North Carolina over the last 15 years.
However, little research has been done on smart city analysis in the Research
Triangle area.
This report presents a comparative smart city analysis of four cities in the Research
Triangle: Chapel Hill, Durham, Cary, and Raleigh. Smart city metrics were
calculated and then summed using data collected through online research and
interviews with local government employees. Results were then compared to each
municipality's long-range planning documents to gauge how effectively the city is
meeting its stated goals.

Methods
This research used the CITYKeys metric system, a system developed to evaluate
smart city projects in Europe. The CITYkeys metric system focuses on four main
categories of municipal responsibilities: Planet, Governance, People, and Prosperity
(Bosch, et al.). Each category consists of subcategories with unique, quantifiable
metrics referred to as “indicators” (Bosch, et al.). For each indicator, a value,
dependent upon how well each municipality meets the specified needs, is calculated.
When summed, these indicator values provide an evaluation of the current
“smartness” of a municipality.
The results of this analysis are highly dependent on the availability of data, so the
acquisition of quality data was a top priority. Data collection relied on numerous
sources including municipal documents, consulting reports, independent
assessments, community surveys, town plans, and proposed budgets that were
available online. If information was not readily available, established contacts
within the municipalities, who were able to provide information on missing
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indicators, were contacted via email or phone. Every effort was made to gather data
from comparable years, but since much of the necessary data is not collected
routinely, all values were considered in the context of the year the data was
collected.
In order to negate the influence of different units of measurement, data of different
orders of magnitude, and missing data, the statistical methodology used in
European Smart City 4.0 called the z-transformation was employed (European
smart cities 4.0(2015)). The z-transformation calculates the distance between the
raw score and the mean in terms of standard deviation, providing an effective way
of normalizing disparate values. Each normalized indicator was summed by
subcategory, and a final normalization was performed on the summed, normalized
subcategories to produce a total score for each category.

Results and analysis
Municipal plans articulate city's goals and priorities and provide a basis for the
results of this study. These plans come in a variety of forms, have different
timelines, and highlight different local approaches. A comparison of a municipality's
plan and its CITYKeys scores can be used to determine if a municipality is on track
to meet its goals.
Chapel Hill
Chapel Hill adopted a 2020 Comprehensive Plan in 2012 in an effort to prioritize
town goals and aspirations. In the plan, the town prioritizes five major ideas:
“Implement a bikeable, walkable, green communities plan, create an
entrepreneurial enterprise hub in the Rosemary Street corridor, create
entertainment/dining/arts hubs, increase the ratio of workforce housing, [and]
establish a structure to support community and neighborhood engagement,”
(Chapel Hill 2020). These five goals coincide well with the four smart city categories
of Planet, Governance, People, and Prosperity.
Based on the data available, Chapel Hill still needs to do more to provide safe,
environmentally friendly and health-promoting bike paths throughout the city. In
addition, the town must increase efforts to help people find affordable housing. They
have achieved their goal of creating an entrepreneurial enterprise hub in the
Rosemary Street corridor, and the analysis suggests that Chapel Hill excels at
creating other commercial amenities and fostering community involvement.
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Durham
The Durham Comprehensive plan provides a detailed vision of Durham in the
future. Durham aims to create a city that creates clusters of housing alongside
community businesses and entertainment, as well as green spaces for activities.
Based on this analysis, Durham scores well with regards to access to public
amenities and access to bike routes compared to other cities. However, Durham has
low scores for access to green spaces and availability of public transportation.
Durham places third in most components of the Planet category.
Durham achieved their goal of implementing hybrid and electric vehicles as a way
to cut down emissions by purchasing a hybrid fleet of government vehicles. Durham
has also set the stage for electric vehicle usage by constructing electric vehicle
charging stations throughout the city. However, this analysis suggests that Durham
needs to improve access and quality of public transportation.
Cary
The ‘Cary Community Plan’ was adopted in 2017 and serves as a benchmark for the
Town of Cary’s goals going forward to 2040. This plan focuses on land use and
development with specific emphasis on economic growth in Cary.
The Town of Cary has successfully implemented large areas of mixed-use
development and has connected the town through improvements in public transit.
Cary's community is largely satisfied with the town's connectivity and the quality of
public transport, placing it above other areas in the Triangle, though the access
analysis shows that Cary is below average in terms of people living in close
proximity to bus stops. It extensive green trail network ranks above other
municipalities in terms of spatial coverage.
The analysis suggests that Cary provides adequate affordable housing for its
population, normalized for household income figures. The town also ranks highly in
the amount of outdoor recreation space that is available to citizens. These successes
in connectivity and interaction contrast with gaps in environmental initiatives in
Cary. With no publicly available climate change plan and little information on how
much renewable energy the town is generating, transparency in the Town’s
sustainability goals could be improved upon in order to increase their position in the
Planet category.
Raleigh
The City of Raleigh published the 2013 City of Raleigh Sustainability Report which
provides an overview of the Raleigh Sustainability Office activities and outcomes.
The City of Raleigh also has a 2030 Comprehensive Plan that covers a broader focus
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of the city’s vision for the future (Designing a 21st Century City: The 2030
Comprehensive Plan for the City of Raleigh).
In the Planet category, the indicators in the Energy and Mitigation subcategory
give Raleigh the biggest advantage. Raleigh has much higher scores for the
indicator measuring a city’s municipal energy consumption and the indicator
measuring the amount of renewable energy production the town facilitates per
capita. Raleigh made this a priority in the 2013 Sustainability Report in the
renewable energy section, which placed an emphasis on Raleigh investing in
renewable energy. The Report also discussed how public private partnerships are a
great way to create renewable energy projects in Raleigh (City of Raleigh).
In the Prosperity category, Raleigh outshines the other cities in the Economic
Performance subcategory. Raleigh has great scores in both the GDP per capita and
the number of businesses per capita indicators. This suggests that Raleigh is
successful in meeting its goal in the economic benefits section of the 2013
Sustainability Report. Raleigh places a priority on the city investing wisely in
assets that will save resources and taxpayer dollars over time. Additionally, there is
emphasis on the importance of small business and equal business opportunities for
women and minorities (City of Raleigh).
Overall, the analysis indicates that all of Raleigh’s work in achieving a sustainable
city seems to have paid off. Compared to the three other Triangle cities in this
study, Raleigh ranks as the smartest city in three categories: Planet, Governance,
and People. In the Prosperity category, Raleigh comes in third place behind Cary
and Chapel Hill.

Conclusion
Metric-based analyses provide a clearer picture for what criterion are necessary for
a city to be considered “smart”. They provide a systematic approach that can be
used to compare municipalities of varying sizes. In addition, this approach provides
municipalities with a clearly defined assessment of their progress towards becoming
a more responsive, livable city. Such a comparison can both hold a municipality
accountable for the goals they have in place as well as aid a municipality in
developing attainable goals when planning for the future. Municipalities can utilize
this research to identify any disparities in meeting the needs of citizens. Ideally,
this will result in future focus on areas in need of improvement.
While the results have the potential to assist municipalities in achieving future
goals and becoming a smarter city, the category scores are highly contingent on the
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quality of data. If data were unavailable or less dense for a municipality, indicator
scores result in values lower than expected. As a result, the municipality’s total
score for the category under which that indicator falls may ultimately be negatively
affected, and the overall smart city analysis may not be as effective in its purpose.
Using these metrics to produce an analysis of cities implies that there is some
ultimate goal to achieve, when in reality, improving quality of life in a city is an
iterative process. The value in comparing municipalities lies in the potential for
increased collaboration toward improvement. Recognizing deficiencies and
collaborating to progress in those categories can promote collective advancement
towards a smarter way of living.
The goal of this project is to assist with this advancement of municipalities and to
provide a basis for collaboration. The smart city analysis serves as a starting point
for municipalities to begin discussion and recognize the potential for intermunicipal cooperation.
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Introduction
“Smartness” is an increasingly important aspect of measuring the competence of a
modern city. The Smart Cities Council defines a smart city as one that uses
information and communication technology to enhance its "livability", "workability",
and "sustainability" (DeKeles, “Introduction to Smart Cities”). First, a smart city
measures and monitors immediate conditions in the city by using sensors, existing
systems, or other smart devices to efficiently store information. Second, it mixes a
variety of communication pathways to transmit collected data and interoperability.
Third, it analyzes the data to understand current conditions and enhance decisionmaking abilities. In sum, a smart city uses systems of data feedback to positively
enhance efficiency, safety, and well-being.
Measuring a city’s “smartness” can be done by analyzing metrics. Metrics are
quantitative, calculable indicators used to determine the 'smartness' of a city. We
researched many credible metric systems and aimed to find a dynamic system that
fit the Triangle's profile. The final analysis results are based on the metric system
called “CITYKeys indicators for smart city projects and smart cities” (Bosch, Et Al).
CITYKeys offers a quantifiable means for conducting both intra-city and intercity
analysis for municipalities in the Triangle, making it an ideal benchmark for
analysis. This analysis method is adaptable to different city sizes, and uses spatial,
temporal, survey and population data to understand the different angles by which a
city can be “smart”. CITYKeys indicators fall into broader categories, namely
People, Planet, Prosperity, and Governance.
The Research Triangle, commonly referred to as The Triangle, is a region in the
Piedmont of North Carolina in the United States. The municipalities of Raleigh,
Chapel Hill, and Durham alongside their respective universities, NC State
University, UNC-Chapel Hill, and Duke University, foster innovation in the area.
Leading technology firms, government, medical centers, and schools have all helped
the area's economy to perform exceptionally well. Significant increases in
employment, earnings, personal income, and retail sales within this region are
projected over the next 15 years. As more people flock to the area, clean technology
and smart city infrastructure will be an imperative for resource management and
citizen well-being (Office of the Chief Communications Officer).
Despite the importance of the smart city concept, little research has been done on
smart city analysis in the Triangle. The goal of this report is to analyze smart city
efforts in the region as well as provide a background for further smart city analysis
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and decision making, as a means of improving “smartness” in the Research Triangle
area.
Data collection for the smart city analysis for Raleigh, Durham, Chapel Hill, and
Cary relied on numerous sources including municipal documents, consulting
reports, independent assessments, community surveys, town plans, and proposed
budgets that were available online. If information was not readily available,
established contacts within the municipalities, who were able to provide
information on missing indicators, were contacted via email or phone. Additional
data for these municipalities, as well as Apex and Benson, focused specifically on
municipal smart city projects, were used to create a website featuring an interactive
map to showcase “smartness” in the Triangle Area. Finally, based on the analysis,
specific recommendations were made for each city on how to improve in various
“smart” categories.
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Section 1: Vocabulary
The purpose of this section is to serve as a reference for the reader to use for
concepts that may require clarification. Table 1 lists various terms and
definitions used throughout the rest of the report.
Table 1
Term
Categories

Subcategories

Definition
Main components of the “CITYKeys indicators
for smart city projects” metric system;
Governance, People, Planet, and Prosperity.
Subsections of categories further specifying
areas of analysis for smart cities.

Indicator

A quantifiable value that illustrates the
progress a city has made within a category.

Metric

A quantifiable value.

Likert

A scale that rates survey responses,
transforming qualitative opinion-based data to
quantitative scores. Values used range from 15.

Triangle/Research Triangle

A region in North Carolina including the
municipalities Raleigh, Durham, and Chapel
Hill as well as the universities of the University
of North Carolina at Chapel Hill, Duke
University, and North Carolina State
University, forming an area ripe for research
and innovation (“North Carolina's Research
Triangle”).

Z Transformation

The process of transforming a raw data value
into normalized z-scores by subtracting the
mean of the dataset from the value and
dividing by the standard deviation (Figure 2).

Z Score

The value given to a particular city based on
the metric after normalization. Normalization
allows comparison of data with different units
and scales, and it compensates for missing
data.
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Section 2: Metrics
The metric system used to analyze cities in this study was adapted
from "CITYKeys indicators for smart city projects and smart cities" (Peter Bosch, et
al). The CITYKeys system includes a total of 101 specific indicators. Many of
these indicators required data that was unavailable or not applicable for the analysis
of cities within the Triangle. Taking this into account, the metrics system was
revised to better fit the scope of this research project. By the completion of
the revision process, there were a total of 49 indicators used, listed in Table 2.
Table 2
Indicator Title
Planet
Municipal energy consumption
Renewable energy production by the
municipality
Municipal Emissions
Water consumption
Population
Local food consumption and
availability
The extent of a publicly available
climate resilience strategy

Indicator Unit
kWh/capita
kWh/capita
metric tons/year/capita
liters/capita/day
Population/km2
# of farmers markets/capita
0 - no plan
1 - plan dated before 2010
2 - plan dated between 2010-2016

Municipal solid waste
Percent of recycled waste
Percent of greenspace
People
Access to basic health care services
Waiting time
Traffic incidents
Crime rate
Cybersecurity
Access to public transport
Quality of public transport

3 – current plan
MSW/capita/year
%
% of total municipal area in km2
average urgent care hours/week
average minutes until seen by a doctor
in the ER
% all vehicles in crashes/population
% of "Part 1 Crimes" /capita (Uniform
Crime Reporting Statistics)
$ spent on cybersecurity programs
% population within 0.5 miles of a bus
stop
Likert scale
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Vehicle sharing solutions

Access to bike route network
Access to public amenities
Access to commercial amenities
Access to online government
services
Access to educational resources
Environmental education

Digital literacy

Diversity of city
Preservation of cultural heritage
(availability of cultural programs)
Ground floor usage (mixed use
zoning area)
Public outdoor recreation space
Green space
Prosperity
Unemployment rate
Fuel poverty
Affordability of housing
Share of certified companies
Share of green public procurement
Businesses registered
Median annual household income

0 - no options on municipal website
1 – government sponsored program on
municipal website
% of population within 0.5 miles of a
bike route
% of population within 0.5 miles of a
library or community center
% of population within 0.5 miles of a
shopping center
Likert scale
% of schools rated above average using
Great Schools Rating System
(GreatSchools)
0 - no environmental education
programs specified on municipal
website
1 - environmental education programs
specified on municipal website
0- mentioned in town/city plan
1- program for citizen involvement
defined
citywide diversity index
Likert survey
%/total municipal area
meters2/capita
feet of greenway trail/capita
% of population
% of households unable to afford most
basic levels of energy
% of population living in affordable
housing
# of government owned buildings with
LEED certification
% of annual procurement used towards
environmental efforts
# of businesses/capita
$/household
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Innovation hubs in the city
Congestion
Public transport use
Net migration
Governance
Cross-departmental integration
Establishment within the
administration
Monitoring and evaluation

# of innovation hubs/100,000
inhabitants
AADT for major urban roads/capita
# of public transport trips/capita/year
rate of population change
between 2006-2016
survey
amount of sustainability staff/10,000
people
Cumulative:
1 - Smart city plan
1- Sustainability update reports

Availability of government data
Open public participation
Voter participation
Annual expenditures by the
municipality for a transition
towards a smart city

1- Smart map
# of public governmental datasets
survey
% of people that voted in the last
municipal election/total population
eligible to vote
$/capita
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Section 3: Methods
Metric-Based Approach
In order to perform a smart city analysis on the Research Triangle Area,
the CITYKeys metric system, used for the evaluation of smart city projects in
Europe, was applied to municipalities within the Triangle. The CITYKeys system is
self-described as follows: “Funded by the European Union HORIZON
2020 programme, CITYkeys developed and validated, with the aid of cities, key
performance indicators and data collection procedures for the common and
transparent monitoring as well as the comparability of smart city solutions across
European cities” ("The Project").
A metric-based system was the chosen approach, because this type of system
attempts to quantify how well a municipality is meeting the current and future
needs of its citizens, resulting in comparable values for each municipality, on both a
municipal and categorical level. For example, the CITYkeys metric system is
separated into four main categories of assessment for cities: Planet, Governance,
People, and Prosperity (Bosch, et al.). Each of these categories is made up of
subcategories, and within each subcategory there are quantifiable metrics, referred
to as “indicators” (Bosch, et al.). Each indicator results in a value that reflects how
well a specific need, related to the general subcategory, is being met by each
municipality. Compiled together, these indicator values serve to evaluate how
“smart” a municipality currently is, based on its ability to provide for its citizens
and improve quality of life.
CITYKeys was selected as the framework upon which to build the smart city
analysis, because of its simple, yet comprehensive categories that effectively
address the main components of a smart city. The Planet category assesses how
well the town manages its resources, with particular emphasis on whether or not
the town prioritizes sustainability. Subcategories within the Planet category are
Energy and Mitigation, Materials, Water and Land, Climate Resilience,
Pollution/Waste, and Ecosystem. The Governance category is meant to reflect two
things - how a government interacts with its people and how it prioritizes
“smartness” when planning for the future. The People category is composed of
elements that reflect the access citizens have to services and amenities that help
improve their lives. Some subcategories within People are Safety, Access to
amenities, Education, and the Quality of housing/built environment. Finally,
Prosperity is meant to reflect economic prosperity within a municipality, and is
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composed of the subcategories of Equity, Green economy, Economic performance,
Innovation, and Attractiveness and competitiveness.
The data collection for the smart city metrics consisted of studying online municipal
documents, as well as consulting reports, independent assessments, community
surveys, town plans, and proposed budgets. If information was not available online,
we reached out to contacts within the municipalities and conducted a
comprehensive survey for the remaining metrics. A copy of this survey is included in
the Appendix of this report (Figure 5). Every effort was made to gather data from
comparable years, but since much of the necessary data is not collected routinely, all
values were considered in the context of the year the data was collected using
population data from the year that the data was collected. The results of this
analysis are highly dependent on the availability of data, so consistency during data
acquisition was a top priority.
For a detailed explanation of the methodology behind each indicator, refer to Table
3 in the Appendix.

Z Transformation
In order to negate the influence of different units of measurement, data of different
orders of magnitude, and missing data, the statistical methodology used
for the European Smart City 4.0 report, z-transformation, was used (European
smart cities 4.0 (2015)). Both the European Smart City report and this analysis use
a hierarchical structure to compare cities. This organizational structure, illustrated
in Figure 1, is comprised of categories, subcategories, and indicators. A category has
several subcategories and each subcategory is defined by a group of corresponding
indicators.
Figure 1
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Indicators for different data result in different units of measurement. Therefore, for
each indicator, z-transformations were used to calculate the distance between the
raw score and the mean in units of the standard deviation to account for the
contrasting units. The full equation is found in Figure 2. The calculation results in a
value for each indicator in every city. Each city’s normalized values for all indicators
were then summed within each category and another z-transformation was
performed in order to account for missing data in any of the cities.
Figure 2
(𝑥𝑖 − 𝑥̅ )
𝑍𝑖 =
𝑠

𝑥𝑖 = 𝑟𝑎𝑤 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟
𝑥̅ = 𝑠𝑎𝑚𝑝𝑙𝑒 𝑚𝑒𝑎𝑛 𝑜𝑓 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟
𝑠 = 𝑠𝑎𝑚𝑝𝑙𝑒 𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟
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Section 4: Results
Using the revised metrics adapted from the CITYKeys analysis system, a value for
each indicator was calculated and normalized using the methods described in the
previous section. The results of the smart city analysis and normalization are
displayed below. Figure 3 illustrates each city ranked as a percentile within each of
four categories. A bar reaching further to the right side of the chart indicates the
greater performance of a city for a particular category. Figure 4 displays a
numerical value between -1.5 and 1.5 for each city’s score for each category. A
higher score means a city is doing comparatively well in a category and a lower the
score indicates it is performing poorly in a category, compared to the other cities.
The overall ranking of each city in the four categories is displayed in Table 3. The
ranking of the cities in the subcategories of the four categories Planet, Prosperity,
Governance, and People are displayed in Tables 4-7 in that order.

Figure 3: Ranking of the cities in each “smart” category based on percentile

Raleigh

Cary

Governance

Governance

Prosperity

Prosperity

People

People

Planet

Planet

Durham

Chapel Hill

Governance

Governance

Prosperity

Prosperity

People

People

Planet

Planet
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Figure 4: Comparison of the Triangle cities within “smart” categories

City Profiles: Raleigh, Cary, Durham, Chapel Hill
Planet
1.5
1
0.5
0
-0.5

Raleigh

-1
Governance

People

-1.5

Cary
Durham
Chapel Hill

Prosperity

Table 3
Overall Category Rankings
Planet
Prosperity
Governance
People

1st
Raleigh
Cary
Raleigh
Raleigh

2nd
Chapel Hill
Raleigh
Chapel Hill
Cary

3rd
Chapel Hill
Chapel Hill
Cary
Chapel Hill

4th
Durham
Durham
Durham
Durham

3rd
Durham
Raleigh
Durham
Durham
Cary

4th
Chapel Hill
Durham
Cary
Chapel Hill
Raleigh

3rd
Durham

4th
Cary

Table 4
Planet Subcategories
Energy & Mitigation
Materials, Water, & Land
Climate Resilience
Pollution & Waste
Ecosystem

1st
2nd
Raleigh
Cary
Chapel Hill
Cary
Raleigh / Chapel Hill
Cary
Raleigh
Durham
Chapel Hill

Table 5
Prosperity Subcategories
Employment

1st
Cary

2nd
Chapel Hill
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Equity
Economic Performance
Innovation
Attractiveness & Competitiveness

Cary
Chapel Hill
Raleigh
Cary

Raleigh
Raleigh
Cary
Chapel Hill

Durham
Cary
Durham
Raleigh

Chapel Hill
Durham
Chapel Hill
Durham

1st
Raleigh
Chapel Hill

2nd
Chapel Hill
Durham

3rd
Cary
Raleigh

4th
Durham
Cary

1st
Cary
Chapel Hill
Chapel Hill
Cary
Raleigh

2nd
Chapel Hill
Cary
Raleigh
Raleigh
Cary

3rd
Raleigh
Raleigh
Durham
Durham
Chapel Hill

4th
Durham
Durham
Cary
Chapel Hill
Durham

Table 6
Governance Subcategories
Organization
Community Involvement

Table 7
People Subcategories
Health
Safety
Access to Services
Education
Quality of Housing and Built
Environment

The rankings of each city were calculated in comparison to the other cities included
in the analysis. With that being said, if another city was to be included in the
analysis, the scores would subsequently change for all of the cities whose scores
have already been calculated. Although a city may have been determined strong or
weak in a category or subcategory compared to the three other cities, this has no
reflection on the city’s strength or weakness in relation to cities not included in this
analysis.
Every municipality included in the analysis has a published report in which they
have outlined efforts towards sustainability, as well as a vision for the future of
their city. Specific projects municipalities have outlined in these reports relate to
some of the indicators calculated in the smart city analysis. Comparing a city’s
indicated goals and priorities to its performance within each “smart” category can
help to further explain the analysis results. These results may have genuine
significance for the well-being of municipalities.
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Section 5: Analysis
Municipalities typically track their progress by developing cross-departmental
comprehensive plans. These documents include terms like “comprehensive”,
“vision”, and “community”, and all acknowledge current conditions within the
municipality and establish a framework for the future. Municipal plans articulate
goals and priorities and provide perfect context for the results of this study.
Through a comparison of this study’s results and stated goals in each municipal
plan, smart city metrics can be analyzed to see if a municipality is on track to
meet its goals. While the individual indicators do not always replicate the verbiage
in the plans verbatim, they are oftentimes closely related. Each municipality is
discussed in further detail below.
Chapel Hill
Chapel Hill published its "Chapel Hill 2020 Comprehensive Plan" in 2012. In the
plan, the town prioritized five major goals: “Implement a bikeable, walkable, green
communities plan, create an entrepreneurial enterprise hub in the Rosemary Street
corridor, create entertainment/dining/arts hubs, increase the ratio of workforce
housing, [and] establish a structure to support community and neighborhood
engagement,” (Chapel Hill 2020).
Chapel Hill’s first goal of providing safe, environmentally friendly and healthpromoting bike paths throughout the city is reflected by the “access to bike routes”
indicator. This indicator measures the percent of the Chapel Hill population within
half a mile of a bike route, a reasonable distance for access. Only about twelve
percent of people in Chapel Hill are living within a half mile of a bike route, based
on census block data from the 2010 Census and bike route data from NC DOT. This
ranks the municipality last, behind the other three municipalities in The Triangle.
This low score may be due primarily to poor data in the NC DOT dataset.
The Town of Chapel Hill has been able to execute its second primary goal: to create
an entrepreneurial enterprise hub in the Rosemary Street corridor. Launch Chapel
Hill, a startup incubator located at 321 W Rosemary St, was established in
2013 ("Home", Launch Chapel Hill). This is captured by the indicator "innovations
hubs in the city," which is purely a count of innovation hubs, normalized per
100,000 inhabitants. Chapel Hill is ranked last compared to Raleigh, Cary and
Durham for this indicator. However, the town is on the path to improvement in this
indicator, evidenced by the founding and success of Launch Chapel Hill.
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The progress that the town has made toward its goal of creating
entertainment/dining/arts hubs can be encapsulated by both the “access to
commercial amenities” and "access to public amenities" indicators. The former is a
measurement of percent of total population that lives within a half mile of a
shopping center, while the latter is a measurement of the those that live within a
half mile of a community center or library. These two values work together to
quantify ease of access to the types of cultural venues mentioned in the
comprehensive plan. Chapel Hill is ranked second in access to commercial amenities
(second only to Durham) and last in access to public amenities. This suggests that
Chapel Hill may lean towards the economic benefit of commercial amenities, as
public amenities are costly and do not provide the municipality a monetary benefit.
Within the prosperity category, the “percent of people living in affordable housing”
indicator contributes to Chapel Hill’s goal of increasing the ratio of workforce
housing. For this indicator, Chapel Hill scored last compared to the other three
municipalities, suggesting that it has the lowest ratio of people living in affordable
housing among the municipalities considered. It is possible that this result is a
reflection of the affluence of the Chapel Hill population. However, it may also be a
reflection of the town's affordable housing options, since Chapel Hill has
indicated it as urgent enough to be listed as a major goal in its plan.
Finally, Chapel Hill indicated in its plan that it wants improve community and
neighborhood engagement. The subcategory "Community involvement" is made up
of two indicators: "open public participation" and "voter participation." Public
participation is a survey-based measurement of how satisfied citizens are with the
opportunity to be involved and voter participation is the percent of people that voted
in the 2013 mayoral election as a proportion of people who were eligible to vote.
Chapel Hill is ranked second highest in the former and highest overall in the latter,
giving them the highest score of all four municipalities in the subcategory
"Community involvement." The data shows that this is a facet of ‘smart living’ that
the Town of Chapel Hill caters to very well.
The data evidences that the Town of Chapel Hill has done well to foster a spirit of
community involvement. Also, it has followed through on its goal of establishing an
incubator hub on Rosemary Street. Chapel Hill seems to be doing relatively well
with dining/entertainment/arts hubs, because a good amount of the population
enjoys reasonable access to them.
There is room for improvement in the amount of workforce housing and creation of
bike paths within this municipality. Chapel Hill is a wealthy town, boasting a
median household income of $65,373 (US Census Bureau (2016)). Chapel Hill has
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an unemployment rate of 5.70% whereas Raleigh (which is ranked higher than
Chapel Hill in availability of affordable housing) has a 7.10% unemployment rate.
Furthermore, a large percentage of its population is associated with UNC Chapel
Hill, the liberal arts university located at its center. The spirit of learning, growth
and discovery that the university promotes contributes to the town's exceptional
numbers for community involvement. The demographic and economic make-up of
the town is corroboration for its established priorities.
Chapel Hill still has another two years to reach the goals specified in its 2020 plan
and it should focus on increasing workforce housing and implementing bike paths.
Durham
The Durham Comprehensive Plan was adopted in 2005 and most recently updated
in 2012 by the Durham City-County Planning Department (Durham City-County
Planning Department). In the plan, the city describes its vision to "promote the
creation, and enhancement and sustainability of a healthy, livable, safe and
beautiful community; promote a range of choices in transportation, education,
housing and economic opportunities; promote the identity of distinct neighborhoods
by encouraging design elements and public facilities appropriate to the character of
each area; protect historic heritage, open spaces and natural resources; and provide
opportunities for high quality growth" (Durham City-County Planning
Department).
Durham has no specific sustainability plan, however, the Durham Comprehensive
plan lists their goals for the city through a detailed outline of where they hope to
see Durham in the future. Analyzing this plan alongside their smart city scores and
projects provides a picture of where the city wants to be and how their vision
compares with CITYKey’s definition of a smart city.
Durham aims to create a city that creates clusters of housing alongside community
businesses and entertainment, as well as green spaces for activities. Durham has
higher scores in the "access to public amenities" and "access to bike routes"
indicators compared to other cities. However, in the other components of the People
category, Durham has some improvements to make. Durham has low scores in
its access to green spaces and its availability of public transportation. This shows a
need for improvement to Durham’s existing infrastructure and its relationship with
its citizens. Overall, Durham is the lowest scoring city in the People category.
Durham places third in most components of the Planet category, though the
town is ranked fourth in the overall category. Durham can improve how it handles
resource management. One way would be to focus on its energy usage and resource
efficiency by creating and implementing a specific plan with a commitment to
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milestones for reduction in both of those areas. Durham has sustainability reports,
but it does not have a specific action plan that outlines the goals of the future in this
context. Durham also places third in water use per capita (Appendix, Table 3), yet is
in the process of completing projects to address this issue. By installing smart
meters throughout Durham and using software to track usage, they seem to be on a
trajectory to use less water in the future.
In the Durham Comprehensive plan there is an emphasis on the implementation of
hybrid and electric vehicles. Durham has achieved this by creating a hybrid fleet of
government vehicles, which has helped cut down emissions. Actions that reduce
their fossil fuel emissions contribute to this goal, but also help them spend less on
fossil fuels in the long term. Durham has also set the stage for electric vehicle usage
by constructing electric vehicle charging stations throughout the city. Durham is
making strides towards achieving their goal of reduced emissions through these
means, however they scored third in the "access to public transport" indicator and
last in quality of public transport indicator (Appendix, Table 3). Improvements to
public transport in Durham could help reduce reliance on cars for transportation.
Durham’s Governance rating is negatively impacted by two indicator scores in
particular: “Percent voter turnout” and “strategy for smart city compliance”
(Appendix, Table 3). Durham has no comprehensive plan for smart city compliance,
and voter participation is third lowest, showing that a large part of the community
is not voting. Their voter satisfaction with participation is also the third
lowest. Despite Durham’s efforts, such as “City Hall On the Go!”, a mobile vehicle
“designed to reach out to remote communities…[and] increase awareness of City
services”, the lack of citizen involvement, apparent from these low indicator scores,
demonstrates Durham’s need to do more to engage their citizens. (North
Carolina State Board of Elections.
Durham, by these metrics, has comparatively low scores for each area. This shows
room for improvement for Durham and their development into a smart city. It is
important to put their score in context however, as their scores likely suffer from a
lack of data. Durham’s government does actively engages their citizenry and has
some creative solutions to core city issues, such as their landfill methane project,
and the City Hall On the Go!. This shows the limitations of the study, as it is
dependent on available data. Despite their lower scores, they excelled in individual
indicators and have many notable flagship “smart” projects in the works.
Cary
The ‘Cary Community Plan’ was adopted in 2017 and serves as a benchmark for the
Town of Cary’s goals moving forward to 2040. When looking at the broad goals set
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by the Town of Cary, it apparent that the town's priorities lie in land use planning
and management as well as incentivizing private investment in the area. The
specific emphasis on the physical structure of Cary provides large amounts of smart
city planning potential for this municipality.
It is also clear from their community plan that the Town of Cary wishes to preserve
its cultural heritage while producing mixed-use development and diversifying
housing type and price. Within the “Preservation of Cultural Heritage” indicator,
Cary scores on the lower end of the other Triangle cities, likely due to the influx of
people that have moved to the Town over the last 30 years. One of the Town’s
larger goals of diversity in development has been realized, demonstrated by
the indicator “Ground Floor Usage (Mixed Use Zoning Area)” where Cary scores far
above the other cities. This has also translated into affordable housing for Cary, as
it has a larger percentage of people living in affordable housing in comparison to the
other analyzed cities. As was stated in the methods section, the affordable housing
metric takes into account the income of individuals as well as the amount they are
paying for in housing, so though housing may be less expensive in areas outside
of Cary, the pricing is scaled appropriately for its population.
Cary also has an amount of businesses per capita that is around the same amount
as Chapel Hill and Durham, but lower than that of Raleigh, a reflection of the high
rate of commuting outside of Cary for work. The Town’s investment in the youth of
the community is notable, as the Town contains a high percentage of schools that
are rated above average, placing Cary at the top among the Triangle cities, for
access to educational resources.
With its ambitious goals regarding the environment and human interaction with
the world, Cary wants to ensure access to greenspace and improvements to its
energy system. Cary has one of the highest figures for the “amount of greenway
trail per person” indicator, illustrating their creation of an outdoor-friendly
town. However, the Town has an overall figure for greenspace percentage
comparable to Raleigh, but lower than that of Durham and Chapel Hill, most likely
due to the large suburban development that has occurred in the area. In terms of
its energy infrastructure, Cary has many projects using solar energy to put clean
energy back into the grid and run many municipal operations, placing them ahead
of the other towns in renewable energy. Though we could find documentation of
many renewable energy projects within the Town, finding numbers associated with
these in order to calculate a score for comparing Cary’s renewable energy
production proved to be a challenge, resulting in a low energy score. With that being
said, they did have an above average score for energy consumption, meaning Cary
consumes some of the lowest energy per capita within a town.
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Though the Town mentions resilience in its planning efforts, there is only a brief
mention of climate change in their 2040 plan, which did not meet our requirements
for a climate change resiliency plan. This lack of plan, in spite of having resilience
as a main goal in their 2040 plan, results in a low score for the town within the
“Extent of a publicly available climate resilience strategy” indicator, since all of
the other cities have something resembling a plan of action for combating climate
change. Local food was also explicitly mentioned in the 2040 plan and, although
Cary has some farmers markets, compared to the other cities included in this
analysis, it scores below average in the number of farmers markets per capita. This
shows that a further investment in the local food infrastructure could be made in
Cary.
Another main goal for the town of Cary is to engage more with the community
through public outdoor facilities and centers around town. Cary rates above
average for “Public outdoor recreation space”, showing there is ample public space
for the population. The town specifically outlined increasing the amount of people
within 0.5-1 miles of a shopping center. However, our analysis has shown that they
are below average for this indicator, likely due to suburban sprawl, showing the
potential for shopping center development in farther areas of the Town.
Cary also wishes to improve the mobility and safety of its residents. The Town
ranks slightly below average in terms of access to public transit when compared to
its Triangle neighbors. This indicates there is room for Cary to expand transit in
order to meet their goal of filling the gaps within the public transit system. This
contrasts with Cary’s above average score for access to bike routes for the
population. Cary also has the goal of improving the safety of public transit users.
Survey results suggest that residents are ‘highly satisfied’ with the transit
system, based on a community survey that was conducted by the town. However,
this is a proxy measurement of safety, so further research would need to be
performed in this area before conclusions on whether or not Cary is meeting
this goal can be drawn. Scoring above average for the “availability of urgent care
and hospital services” indicator, Cary appears to be ahead of other towns in
providing basic healthcare services.
Because of Cary's high ratings for the development and connectivity of the town, it
is evident that Cary has focused on these components of its 2040 plan. The overall
livability of Cary in terms of public transport quality and social connectivity is very
apparent, but the town appears to be lacking in environmental planning and
the extent of the transit system. With no publicly available climate change strategy
and high levels of suburban sprawl, Cary has room to learn and expand their
environmental initiatives.
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Raleigh
The City of Raleigh's 2030 Comprehensive Plan was adopted in 2009 and updated
in 2017 (City of Raleigh). Raleigh has also published the 2013 City of Raleigh
Sustainability Report, which details the activities and outcomes of the Raleigh
Sustainability Office (City of Raleigh Sustainability Report 2013).
The 2013 Sustainability report discusses seven main areas that the city of Raleigh
indicates are a focus for sustainability improvement. The economic benefits section
places a priority on the city investing wisely in assets that will save resources and
taxpayer dollars over time. Additionally, there is emphasis on the importance of
small businesses and equal business opportunities for women and minorities. The
renewable energy section places an emphasis on Raleigh's renewable
energy investments, and the idea that public private partnerships are a great way
to create renewable energy projects in Raleigh. The mobility and
transportation areas encourage the city to provide sustainable
infrastructure, including greenway trails, bike paths, and EV charging stations.
Additionally, there is a focus on public transformation initiatives. The category of
energy efficiency and conservation focuses on two main things: intelligent buildings
and the use of LEDs for energy efficiency. The solid waste
management section outlines the fact that, although Raleigh is attempting to
adopt sustainable practices, it is still necessary to facilitate waste disposal that is
safer and more efficient. Two interesting areas discussed are the revenue created
from recycling as well as the potential value of compost created from materials from
the landfill. The natural resources category details issues concerning urban
sustainability such as “clean air and climate change, water quality and quantity,
land conservation and habitat protection” as important issues for Raleigh’s
leadership to address. Finally, education and outreach show how Raleigh is creating
opportunities for partnership and engagement with the community (City of Raleigh
Sustainability Report 2013).
In the Planet category, it is the indicators in the Energy and Mitigation subcategory
that give Raleigh the biggest advantage. Raleigh has much higher scores for the
indicator measuring a city’s municipal energy consumption and the indicator
measuring the amount of renewable energy production the town facilitates per
capita. Raleigh has clearly made this a priority as in the 2013 Sustainability Report
the renewable energy section places an emphasis on Raleigh investing in renewable
energy, and how public private partnerships are a great way to create renewable
energy projects in Raleigh (City of Raleigh Sustainability Report 2013).
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In the Governance category, Raleigh is ranked the highest because of the
city’s outstanding results in the Organization subcategory. Raleigh has the most
open government data available compared to the other three cities, which means
they have a comparatively high score for the “availability of government
data” indicator. Additionally, Raleigh scores the highest for their progress towards
becoming a smart city, which is an indicator based on how requirements and
monitored and then reported.
In the People category, Raleigh is by far the strongest city in the Quality of Housing
and the Built Environment subcategory. This is especially due to the fact that
Raleigh has the highest mixed use zoning area as a percentage of the city’s total
area. Raleigh also comes in first in the Innovation subcategory, due to their high
amount of innovation hubs per 100,000 inhabitants.
In the Prosperity category Raleigh outshines the other cities in the Economic
Performance subcategory. Raleigh has great scores in both the “GDP per
capita” and “number of businesses per capita indicators”. This suggests that Raleigh
is achieving its goals in the economic benefits section of the 2013 Sustainability
Report. Raleigh places a priority on investing wisely in assets that will save
resources and taxpayer dollars over time. Additionally, there is an emphasis on the
importance of small business and equal business opportunities for women and
minorities (City of Raleigh Sustainability Report 2013). However, Raleigh’s
downfall in this category can be attributed to their unemployment rate, which is the
highest out of all four cities, as well as the fact that their percentage of annual
procurement that went towards environmental efforts is the lowest out of all four
cities.
Overall, the Smart Cities analysis conducted indicates that all of Raleigh’s work on
achieving a sustainable city seems to be paying off. Compared to the three other
Triangle municipalities in the analysis, Raleigh is ranked as the smartest city in
three categories: Planet, Governance, and People. In the Prosperity category,
Raleigh comes in third place. Cary is significantly in first place in the Prosperity
category, followed by Chapel Hill and Raleigh for a very close second and third
place.
This analysis emphasizes internal functions of municipalities. It evaluates
comparison scores to make conclusions about individual entities. This comparison
method of analysis is intentional. It is not meant to merely rank municipalities
against each other, but to inspire collaboration amongst them. Municipalities have
the powerful opportunity to take advantage of each other's strengths and learn from
each other's mistakes. With this regional mindset, the smart city analysis enables
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the Triangle region to progress towards “smartness” faster and more efficiently than
ever before.
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Section 6: Assumptions
Because of the influence of its parent organization, Horizon 2020, CITYKeys has a
particular emphasis on the development of European Cities. The first major
assumption in this report is that this European metric system is also applicable to
cities in the Research Triangle area. The Triangle is composed of cities and towns of
various sizes, so adjusting for these different sizes is critical in order to compare
them. The CITYKeys metric system was made to accommodate different sized cities
and projects, further indicating it to be an appropriate method of analysis for this
report’s purpose. Additionally, by calculating values ‘per capita’ for many of the
metrics and normalizing them using z-transformations, considerable effort was
made to keep the analysis unbiased between different sized cities.
Many of the metrics from the CITYKeys method were modified to meet the needs of
our analysis and accommodate for available data. A decision to omit certain metrics
from the “smart” categories was also made in order to refine the scope of the
analysis. This report assumes that the CITYKeys approach was still an appropriate
analysis method despite the omission and modification of certain metrics.
Since much of data collection depended on independent online research, many
assumptions were made about the quality of the data used. Due to the fact that the
data was published for public usage, it was assumed to be as accurate and up-todate as possible. ArcGIS 10.4 and 10.5 were used when calculating metrics
involving land area. The 2010 Census tract data was used in tandem with shape
files found from various government GIS sources. Some data were assembled using
independently created, georeferenced .csv files, layered with census blocks and
clipped by municipal boundary polygons. To calculate proximity to resources such as
bus stops, buffer and intersect tools were used. A 0.5-mile buffer distance was
assumed to be representative of proximity to resources, and it was used to calculate
any intersection with buffers and census blocks in order to add the entire
population of that census block into the overall population ratio calculations. This
approach assumes that the entire population of the census block can be represented
by any portion of the census block that falls within the 0.5-mile buffer.
The following assumptions refer to indicators used for smart city analysis found in
Section 2, Table 2 of this report. Further details on indicators are found in Table 3
in the Appendix.

Planet Assumptions
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For “Extent of a publicly available climate resilience strategy”, it was assumed that
if a town had a plan dealing with climate change preparation and mitigation, it
would be published online for the public. Since this is a crucial part of future
planning, if a town had a plan that was unavailable to the public online, that was
considered to be inadequate and resulted in a lower value for this indicator within
the smart city analysis.

People Assumptions
For “ground floor usage”, it was assumed that all data found referencing mixed use
buildings was an accurate representation for each of the respective cities. Some
areas of mixed use housing may have been omitted by this analysis because they
were not explicitly labeled mixed use.
For “access to commercial amenities”, it was assumed that access to shopping
centers was an appropriate metric. Shopping center availability is a chief concern
for cities, and they serve as a hub for businesses within a municipality.

Prosperity Assumptions
For “Fuel poverty”, it was assumed that to be considered fuel impoverished, a
household needed to have an income that would not support the average utility cost
per citizen, which was considered to be 10.22c/watt ("North Carolina Electricity
Rates").
For “Net migration”, it was assumed that the overall change in population from
2006 to 2016 would demonstrate trends in immigration and emigration for the
respective cities.

Governance assumptions
For “Availability of government data”, all of the municipalities being analyzed were
ranked as having four-stars for 'open data' (5 Star Open Data). Since all of the
scores would have been identical, it was assumed that the number of datasets
available online would be an appropriate metric to compare municipalities.
“Voter participation” was assumed to be a percentage of voters in the 2013 mayoral
election in each city, divided by the total population of the city, projected for 2013
from the 2010 census.

31

Section 7: Conclusions
The term “smart city” is somewhat of a neologism. It has a vaguely idealistic tone to
it, and is difficult to define. By using a quantitative metric system to analyze
municipalities, we attempted to remove some ambiguity from the term.
The CITYkeys indicators, as well as other similar metric systems, take the broad
term “smart city” and break it down into its most basic components. This
decomposition leads to a clearer picture of what criterion are necessary for a city to
be considered “smart”. The result is a systematic approach to compare cities to one
another.
A strength of this comparison method is that municipalities have a clearly defined
assessment of their current degree of smartness. This serves as a foundation to
build off of and can be used as a tool to help create realistic and attainable goals for
smarter planning in the future. It also provides a means of holding municipalities
accountable for the goals they have put in place. By having a base assessment,
progress—or lack thereof—can be easily tracked for each town, further advancing
the process of moving towards a smarter way of living. Finally, the metric-based
approach allows towns to identify their strengths and weaknesses when it comes to
meeting the needs of citizens. Each category, People, Governance, Planet, and
Prosperity, within the CITYkeys method, represents some aspect of life a town is
responsible for providing its citizens. Municipalities can see in which categories, or
specific indicators, they are thriving or lacking. As a result, they will be able to
prioritize their planning efforts in those areas that could use the most
improvement.
There are, however, many shortcomings when it comes to using metric systems for
analysis. First, the results are highly contingent upon the quality of data collected.
For example, if a municipality is lacking data for a particular indicator, or its data
is less exhaustive than that of another town, their score for that indicator will
appear to be much lower than it may actually be. As a result, the municipality’s
total score for the category under which that indicator falls may ultimately be
negatively affected. Subsequently, the final outcomes of the smart city analysis may
not be as comprehensive as is necessary to effectively compare municipalities to one
another. Furthermore, the comparisons in themselves are another limitation to the
metric-based analysis approach. After the analysis and z-transformation, the final
calculated scores are restrictive due to the fact that they indicate relative levels of
“smartness”. We are able to conclude which municipalities are “smarter” or
“smartest” overall or in any given category, but are unable to draw any meaningful
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conclusions about whether or not a city is inherently “smart”. Without another
dataset available to compare alongside each municipality’s final result, the outcome
of the smart city analysis has little value.
With that being said, using metrics to analyze cities and calculate degrees of
smartness, implies that there is some ultimate level to be attained. In reality,
improving the quality of life within a city is a continuous process, so there is no
standard level of smartness for which all municipalities should strive. However,
there is value in comparing municipalities to one another, as it offers a chance for
increased collaboration and mutual progress towards improvement. If a
municipality is lacking in a smart city category, in which another municipality is
prospering, local government officials within each town can share strategies and
ideas with each other in order to make improvements within each category. As a
result of these mutually beneficial cooperatives, cities can collectively advance
towards a smarter way of living.
The goal of this project and report is to assist with that collective advancement. Our
smart city analysis for the Research Triangle area, serves as a starting point for
municipalities, and our interactive smart map web application serves as a means of
collaboration between them, by showcasing smart city projects within the region.
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Appendix
Detailed Indicator Methodology
While our metrics are borrowed from CITYkeys, many of them required creative
data collection methods. These methods are detailed below in Table 3.

Table 3

People
Access to basic
health care
services

Waiting time

Cybersecurity

A measurement of the average number of urgent care
hours available to residents per week. These data were
collected using a multitude of steps. First, urgent care
centers were compiled within each municipality, the
locations of each urgent care being found on individual
emergency room websites. Then, from those websites, we
collected hours of operation, Monday through Sunday.
After finding the total hours of operation for each urgent
care, these totals were averaged by the number of urgent
cares within the town to give us the average number of
hours per week that residents have access to urgent care.
It should be noted that this method fails to encapsulate
the entire scope of the metric, because it does not include
each person’s proximity and transportation to each urgent
care center.
A measurement of the average time (in minutes) to be seen
by a doctor in the Emergency Room. This was collected by
finding all of the Emergency Rooms available within each
town by simple Google search. Each ER provides average
wait times on its website. After collecting those, the times
were totaled and averaged for each town. This method of
calculation does not account for other wait times in the
Emergency Room, like the amount of time it takes to be
admitted and the amount of time it takes to be sent to
room. These two times tend to be significantly greater
than the time it takes to be seen.
Based solely upon how much money the municipality has
explicitly dedicated to cybersecurity or information
security in their proposed 2018 budgets, which are
published on municipal websites. The values were
translated directly into our scoring system. If we could not
find money called out by name, the municipality was
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Access to public
transport

Vehicle sharing
solutions

Access to bike
route network

recorded as $0. This method was chosen because it is clear,
concise and quantitative. However, it does not account for
non-financial cybersecurity initiatives, such as awareness
weeks or months, which also display town commitment to
the indicator.
Measured using GIS data in ArcMap 10.4. Municipal
boundary data was acquired from NCDOT, bus stops
from GoTriangle, GoDurham, GoRaleigh, and Chapel Hill
Transit and Census Block data from the 2010 U.S. Census.
First, the census block data was clipped to portray the
shape and area of each municipality. One census
block/municipality was opened at a time. Next, the bus
stops were selected by location to set apart those that were
actually within the currently municipality. A 0.5 mile
buffer was made around each of these selected features.
Next, the census blocks that intersected with the buffers
were selected. Finally, summary statistics were run on the
selected census blocks to find the SUM of the field POP10
(or the population in 2010). This population sum was then
divided by the total population of that municipality in the
year 2010 (based again on the US Census). This final
proportion represents the proportion of people living
within 0.5 miles of a bus stop in each municipality. We are
operating under the assumption that 0.5 miles is close
enough to be considered accessible by the population. Also,
if the municipal boundary touches a census block, the
population in that census block will count towards the
total. So, in essence, we are allocating the entire
population of a census block to the area within 0.5 mile of
the feature, regardless of where those people actually
live.
Measured using a Boolean system. If the municipality
detailed city-sponsored ride-sharing options on its website,
it was given a score of 1. If it did not, it received a 0. This
does not account for the extent of detail or options on
municipal websites.
Measured using GIS data in ArcMap 10.4. Municipal
boundary and bike route data was acquired from NCDOT
and Census Block data from the 2010 U.S. Census. First,
the census block data was clipped to portray the shape and
area of each municipality. One census block/municipality
was open at a time. Next, the bike routes were selected by
location to set apart those that were actually within the
municipality. Then, we made a 0.5 mile buffer around each

38

Access to
commercial
amenities

Access to
educational

of these selected routes, dissolving all. Next, we selected
the census blocks that intersected with any of the buffers.
Finally, summary statistics were run on the selected
census blocks to find the SUM of the field POP10 (or the
population in 2010). This population sum was then divided
by the total population of that municipality in the year
2010 (based again on the U.S. Census). This final
proportion represents the proportion of people living
within 0.5 miles of a bike route in each municipality. We
are operating under the assumption that 0.5 miles is close
enough to be considered accessible by the population. Also,
if the municipal boundary touches a census block, the
population in that census block will count towards the
total. So, in essence, we are allocating the entire
population of a census block to the area within 0.5 mile of
the feature, regardless of where those people actually
live.
Measured using GIS data in ArcMap 10.4. Municipal
boundary data was acquired from NCDOT, shopping
center data from ESRI, and Census Block data from the
2010 U.S. Census. First, the census block data was clipped
to portray the shape and area of each municipality. One
census block/municipality was open at a time. Next, the
shopping centers were selected by location to set apart
those that were actually within the municipality. Then, a
0.5 mile buffer was made around each of the selected
points. Next, the census blocks that intersected with the
buffers were selected. Finally, summary statistics were
run on the selected census blocks to find the SUM of the
field POP10 (or the population in 2010). This population
sum was then divided by the total population of that
municipality in the year 2010 (based again on the U.S.
Census). This final proportion represents the proportion of
people living within 0.5 miles of a shopping center in each
municipality. We are operating under the assumption that
0.5 miles is close enough to be considered accessible by the
population. Also, if the municipal boundary touches a
census block, the population in that census block will
count towards the total. So, in essence, we are allocating
the entire population of a census block to the area within
0.5 mile of the feature, regardless of where those people
actually live.
Measured as the percent of public schools rated above
average using the Great Schools rating (Great Schools).
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resources

Environmental
education
Digital literacy

Traffic incidents

The Great Schools rating system ranks schools from 1 to
10 based on test scores and year-to-year academic
improvement. An above average rating is an 8 or above.
The metric is the percentage of schools rated 8, 9, or 10 out
of the entire count of public schools in the municipality.
Cary has a total of 41 schools; Raleigh, 142; Durham, 97;
Chapel Hill, 28.
Measured using a Boolean system. If the municipality has
environmental education programs listed on its website, it
was given a score of 1. If it does not, it received a 0. This
does not account for the extent of the programs offered.
Measured using a Boolean system. If the municipality has
mentioned digital literacy on its website, it received a
score of 0. If the municipality has actual digital literacy
programs, it received a score of 1.
The number of vehicles involved in a crash divided by the
population. The inverse of this result is used in the
normalization because a higher result indicates more
accidents occurred. Traffic accidents serve as an indicator
of the safety and congestion city’s transportation system.
This metric also indicates the quality of both a city’s
transportation infrastructure and traffic law enforcement
(CITYkeys, 208). The data of traffic accidents was obtained
from North Carolina Crash Data, a static copy of extracted
data from the NCDOT live crash database. North Carolina
Crash Data is provided by the Highway Safety Research
Center at the University of North Carolina at Chapel Hill
(North Carolina Crash Data). The traffic accidents data is
from the year 2016, and the population data was obtained
from the 2016 US Census. CITYkeys calculates this metric
using traffic fatalities rather than traffic accidents, which
provides advantages and disadvantages compared to the
method used in this analysis. Often minor injuries and
accidents are not reported, while fatal accidents have a
much higher rate of reporting (CITYkeys, 209). A
disadvantage is that accidents that do not cause fatalities
would be left out of the analysis, but an advantage is that
a comparison of fatality data between cities is more
reliable. If this metric was calculated using injuries, there
could be inconsistencies in different countries definitions of
what is reported as an injury (CITYkeys, 209). This also
applies to the method of using accident data, and that all
accidents might not be reported. Since this analysis was
conducted on four cities in the same US state this does not
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Crime rate

Quality of public
transport

skew the analysis. However, this is an assumption made
that would need to be considered if this analysis is
repeated on a larger scale or using cities that are not
located in extremely close proximity.
The number of Part I crimes divided by the population.
The inverse of this result is used in the normalization
because a higher result indicates more crimes occurred.
This calculates the prevalence of crime in a city, which is
an indicator of the city’s overall safety. Part I offenses are
criminal homicide, forcible rape, revised rape, robbery,
aggravated assault, burglary (breaking or entering),
larceny-theft, motor vehicle theft, and arson
(Uniform Crime Reporting Statistics). Crime data from
2016 was obtained through each city’s respective open data
source and the population data was obtained from the
2016 US Census. The CITYkeys analysis uses the total
number of violence, crimes, and annoyances to calculate
this metric. However, not all crime is reported and the law
enforcement of different cities might not be consistent in
how similar incidents are handled. For this reason, the
analysis in the report uses Part I crimes to calculate this
metric because this category of crimes is more likely to be
reported to the police (Uniform Crime Reporting
Statistics).
Calculated using community and resident surveys of each
city’s population. The 2016 Durham City and County
Resident Survey asks from very dissatisfied, dissatisfied,
neutral, satisfied, to very satisfied for the “Ease of travel
by bus (GoDurham/Bull City Connector).” The Chapel Hill
2015 DirectionFinder Community Survey also asks from
very dissatisfied to very satisfied for “Town’s bus service.”
The 2016 City of Raleigh Community Survey Raleigh asks
from poor, below average, neutral, good, to excellent for
the “Overall quality of GoRaleigh bus system.” The Town of
Cary 2016 Biennial Citizen Survey uses a one to nine
rating system rather than five as was used in the other
cities. The Town of Cary asked about “Satisfaction with
the Job the Town is Doing on Transportation.” For
Durham, Chapel Hill, and Raleigh the percentage of the
most favorable response is multiplied by five and the
percentage of the second most favorable response is
multiplied by four. These results are summed to get the
city’s the final score. For the Town of Cary the nine and
eight percentage of responses are added together and then
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Access to online
government
services

Diversity of the
city

multiplied by five, and then the seven and six percentage
of responses are added together and then multiplied by
four. These results are summed to get Cary’s final score.
All the questions are slightly different, but the responses
are being compared to each other. This could cause data
inaccuracies because the data for each city was not
collected in the exact same manner.
Calculated using community/ resident surveys of each
city’s population.” The 2016 City of Raleigh Community
Survey Raleigh asks from very difficult, difficult, neutral,
easy, to very easy for the “Locating information on City's
website.” The 2016 Durham City and County Resident
Survey asks from very dissatisfied, dissatisfied, neutral,
satisfied, to very satisfied for the “Ease of locating
information on County website.” The Chapel Hill
2015 DirectionFinder Community Survey also asks from
very dissatisfied to very satisfied for “Quality
of www.townofchapelhill.org.” The Town of Cary 2016
Biennial Citizen Survey uses a one to nine rating system
rather than five as was used in the other cities. The Town
of Cary asked about “Most Used Information Sources in
2016: Cary's Website.” For Durham, Chapel Hill, and
Raleigh the percentage of the most favorable response is
multiplied by five and the percentage of the second most
favorable response is multiplied by four. These results are
summed to get the city’s the final score. For the Town of
Cary the nine and eight percentage of responses are added
together and then multiplied by five, and then the seven
and six percentage of responses are added together and
then multiplied by four. These results are summed to get
Cary’s final score. All the questions are slightly different,
but the responses are being compared to each other. This
could cause data inaccuracies because the data for each
city were not collected in the exact same manner.
Calculated by adding together squared proportion of each
race in the city, and then subtracting this result from one.
This result is known as the citywide diversity
index (Silver). Data from the 2011-2015 American
Community Survey was used to provide the number of
people identifying in each racial group as a percentage of
the total population. The racial groups used in this
analysis are Hispanic or Latino (of any race), white alone,
black or African American alone, American Indian and
Alaska Native alone, Asian alone, Native Hawaiian and
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Preservation of
cultural heritage

Ground floor
usage

Other Pacific Islander alone, Some other race alone, and
two or more races. However, this metric does not provide
information on a city’s neighborhood diversity. It is
possible for a city to be very diverse on a citywide level,
but extremely segregated by neighborhood
(Silver). CITYkeys calculates diversity of housing for the
calculations. Diversity of the city was used in this analysis
due to the availability of accurate data.
Calculated using community and resident surveys of each
city’s population.” The 2016 City of Raleigh Community
Survey Raleigh asks from poor, below average, neutral,
good, to excellent for the “Availability of arts & cultural
programs in Raleigh.” The 2016 Durham City and County
Resident Survey asks from very dissatisfied, dissatisfied,
neutral, satisfied, to very satisfied for the “Cultural
programming.” The Chapel Hill
2015 DirectionFinder Community Survey asks from
unimportant, not sure, somewhat important, to very
important for “Reasons to Live in Chapel Hill: Availability
of cultural activities/arts.” The Town of Cary 2016
Biennial Citizen Survey does not pose a similar question in
their survey For Durham, Chapel Hill, and Raleigh the
percentage of the most favorable response is multiplied by
five and the percentage of the second most favorable
response is multiplied by four. These results are summed
to get the city’s the final score. An assumption made
involves the fact that there are only four responses for
Chapel Hill, but the highest two response choices are still
given scores of five and four. Additionally, all the questions
are slightly different, but the responses are being
compared to each other. This could cause data inaccuracies
because the data for each city were not collected in the
exact same manner.
Calculated by dividing the amount of mixed use zoning
area by the total area of the city. The GIS data for zoning
districts was obtained from each city’s open source data
site. When a ground floor has commercial or public uses it
enhances the lives of people living in that neighborhood.
Ground floor usage can also contribute to the success of
businesses in the city (CITYkeys, 232). The most recent
zoning district data were obtained through each city’s
respective open data source as a shapefile. An assumption
made is that all areas zoned for mixed use are included in
this calculation. Additionally, there may be buildings that
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Public outdoor
recreation space

Green space

make use of ground floors that are not zoned as mixed use
even though there is a mix of residential and commercial
activity occurring in the building.
Calculated by dividing the total number of people within
0.5 miles of a park by the total population. The GIS data
for park locations was obtained from each city’s open
source data site. Recreation is an important part of a
healthy lifestyle (CITYkeys, 232). This metric indicates the
availability of publicly available spaces that a city provides
for the benefit of its citizens. CITYkeys calculates this
metric using the total area of public outdoor recreation
space per capita. This method could not be replicated in
this analysis because three out of four cities analyzed in
this report did not provide data on park area. Rather, data
containing a point location of each recreation location was
obtained through each city’s respective open data source.
This assumes that each park is only a point when in
reality the park would have an area. A 0.5 mile buffer was
created around each point rather than a polygon of the
park’s area. If a buffer of the polygon area of each park
had been used to determine the population within a 0.5
mile radius, the results might be different. The total
number people contained in each census block touching
that buffer was used to calculate the total number of
people within 0.5 miles of the park. This number assumes
the entire population of the census block to be within 0.5
miles of the buffer regardless of where the people are
located within the census block. This method was used to
the lack of available geographical population data at a
more precise level.
Calculated by dividing the total number of people within
0.5 miles of a greenway trail by the total population. The
GIS data for greenway trails was obtained from each city’s
open source data site. Green space benefits the health of
those living in neighborhoods nearby and green space can
reduce heat (CITYkeys, 233). A 0.5 mile buffer was created
around each city’s greenway trail. The total number people
contained in each census block touching that buffer was
used to calculate the total number of people within 0.5
miles of the trial. This number is not accurate because it
assumes the entire population of the census block to be
within 0.5 miles of the buffer regardless of where the
people are located within the census block. This method
was used to the lack of available geographical population
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data at a more precise level.

Prosperity
Net migration

Share of certified
buildings

Congestion

Measurement of the rate of population change between
the years 2006 and 2016 (data from the US Census
Bureau). This was measured using the rate of change
formula: the present population minus the past
population divided by the past population, divided again
by the number of years. That number is multiplied by 100
to get a percentage.
The number of LEED certified buildings that are owned
by the city. This metric is an indicator of a city’s
commitment to the environment and sustainability
(CITYkeys, 268). Data was obtained from each city’s
published list of their LEED certified buildings. An
assumption of this metric is that relatively few buildings
are certified and that it is very possible for companies to
be sustainable and not have a certified building
(CITYkeys, 269).
Calculated by dividing the activity of all road segments
within each municipal boundary by the municipality’s
population. Specifically, the sum of activity on any road
segments, as represented by Average Annual Daily Traffic
(AADT), of urban restricted and urban unrestricted road
types from a modified version of the 2013 High
Performance Monitoring System (HPMS) road network
from the Federal Highway Administration, is divided by
2010 TIGER census block population estimates. The
HPMS dataset was modified by UNC Institute for the
Environment researchers for other research projects and
changes to the dataset include: 1) providing average
AADT values by road type and county for any road
segments without an AADT value and 2) mapping HPMS
function classes to function classes used by the EPA’s
Motor Vehicle Emission Simulator (MOVES) 2014
emissions model. This reclassification of HPMS function
class to MOVES 2014 categories depends on the HPMS’
urban code to determine whether a segment is urban or
rural, and then it uses the following HPMS to MOVES
mapping: rural + function class 1 = rural restricted; rural
+ function class 2,3,4,5 = rural unrestricted; urban
+ function class 1,2 = urban restricted; urban + function
class 3,4,5 = urban unrestricted. This approach assumes
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that daily road activity, as represented with AADT, is
related to traffic congestion, such that roads with higher
AADT also have higher congestion.
Businesses
registered

Affordability of
Housing

Innovation Hubs

Fuel Poverty

Median Disposable
Income

Calculated using GIS. Business data was acquired from
ESRI Business Analyst 2010 and municipal boundaries
from NCDOT. In a series of four steps, for each
municipality, businesses that intersected with each
municipal boundary were selected. The total number of
businesses selected was recorded as the total businesses
registered for 2010.
This indicator was calculated using affordable housing
statistics published by the individual municipalities. This
is the percentage of people living in affordable housing for
the area. Affordable housing is defined as housing that
individuals pay less than or equal to 30% of their income
for
For calculations a list of innovation hubs by city was selfgenerated through web queries. The number of locations
were summed and a total for innovation hubs was
calculated per city. We normalized this for population by
dividing the sum of the hubs by the population of the
municipalities. Because of the small numerator, hubs per
100,000 citizens was used to get a workable
ratio. Innovation hubs could be privately
or publicly owned and university affiliated hubs
were also counted towards this score.
Fuel Poverty is a metric that quantifies what percentage
of the population lacks access to the most basic energy
needs. This was calculated using the average monthly NC
Utility bill ($117/ month) and calculating what income
could support this monthly payment. People below that
income were considered fuel impoverished.
Data was collected from the 2012 American Community
Survey for the median disposable income in each
municipality.

Governance
Availability of
government data

Calculated by multiplying the number of stars times the
number of data sets with those stars, and dividing this
result by the total number of datasets. The number of
stars is determined using the 5-star deployment scheme
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for Open Data:
•
One star is given for data that is “available on
the Web (whatever format) with an open
license" (5stardata).
•
Two stars are given for data “available as
structured data (e.g., Excel instead of image scan of a
table) (5stardata).”
• Three stars are given are data “available in a nonproprietary open format (e.g., CSV instead of
Excel)" (5stardata).
•
Four stars are given for data that “use URIs
to denote things, so that people can point at your
stuff" (5stardata).
•
Five stars are given for data linked “to other
data to provide context" (5stardata.info).

In this analysis all four cities provided four star data,
which meant that the result of this metric is the total
number of open data sets that city provides. The number of
currently available data sets was found on each city’s
webpage for open data. It is important for a city to provide
updated and maintained open data (CITYkeys, 156). An
advantage of the 5-star deployment scheme is that it
quantifies a city’s available open data, but it does not take
into account other important qualities of open data for
example, accuracy, relevance, and/or timeliness
(CITYkeys, 157).
Open public
participation

Calculated using community/resident surveys of each city’s
population. The 2016 Durham City and County Resident
Survey asks from very dissatisfied, dissatisfied, neutral,
satisfied, to very satisfied for the “Level of public
involvement in local decisions with County.” The Chapel
Hill 2015 DirectionFinder Community Survey also asks
from very dissatisfied to very satisfied for “Opportunities
to participate in local government.” The 2016 City of
Raleigh Community Survey Raleigh asks from never,
rarely, frequently, to very frequently for “Attended or
watched a local public meeting.” The Town of Cary 2016
Biennial Citizen Survey uses a one to nine rating system
rather, while Raleigh uses a four choice ranking rating
system and Durham and Chapel Hill use five choice

47

ranking rating system. The Town of Cary asked about
“Satisfaction with the Job the Town is Doing on
Transportation.” For Durham, Chapel Hill, and Raleigh
the percentage of the most favorable response is multiplied
by five and the percentage of the second most favorable
response is multiplied by four. These results are summed
to get the city’s the final score. An assumption made
involves the fact that there are only four responses for
Chapel Hill, but the highest two response choices are still
given scores of five and four. For the Town of Cary the
nine and eight percentage of responses are added together
and then multiplied by five, and then the seven and six
percentage of responses are added together and then
multiplied by four. These results are summed to get Cary’s
final score. All the questions are slightly different, but the
responses are being compared to each other. This could
cause data inaccuracies because the data for each city was
not collected in the exact same manner.
Establishment
within the
administration

This metric was measured by the municipalities'
number of staff that is dedicated to sustainability as their
Job. Any sustainability department positions were eligible
for 1 point in this category. This score was normalized by
dividing the amount of sustainability jobs by the
population (per 100,000 residents)

Monitoring and
Evaluation

This metric measures how well the municipal governments
were keeping track of their sustainable goals. To quantify
this, municipalities had to have transparent trackable
sustainability plans. If a municipality has a sustainability
or smart-city plan they could receive a point. This had to
be a stand-alone plan with the goal of sustainable
development. If the municipality had regular
Sustainability Updates, they could also receive a point.
This could be an annual sustainability report or the like.
If the municipality had any active visuals to show this on
their website they could also get a point. The
maximum amount of points possible is 3, and acted to
show how well the municipality monitored their smart city
progress.
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Voter
Participation

The Voter participation metric was found by looking at the
voter turnout for the 2013 mayoral election, and the
percentage of voters compared to the 2013 projected
population of the cities. This specific election was used
because it was the most recent election that had data just
about the municipalities in question. State election results
were only shown by voting precinct. This election had the
best turnout for the year and spanned across all cities in
question. (North Caroline State Board of Elections)

Planet
Municipal energy
consumption in
kWh/capita

Amount of
renewable energy
production
the town facilitates
produce/capita

Emissions in

Calculated from the most recent available data on the
energy consumption for local government operations. This
includes town operations as well as street lights, waste
operations, vehicle fleet usage, and building consumption.
These figures were then adjusted for population differences
within the towns using Census population estimates for the
corresponding years in order to obtain a per capita
estimation.
Defined as any energy the municipality had a part in
installing that is then put back into the grid. Due to the
nature of energy in North Carolina being governed by a few
private companies, the influence towns have on renewable
energy is limited to town level installations and
incentivization. The faciliatory role could include
purchasing renewable energy infrastructure with town
funds and putting it back into the grid, leasing land to
private companies for energy infrastructure, and using
renewable energy in internal operations. Data were
acquired through both the internet and contacts within
municipalities regarding the different renewable projects
located within the municipality and the number of kilowatthours these projects produce annually. These figures were
then divided by current Census population estimates for
each town in order to capture a current per capita value.
Captures emissions in metric tons from municipal
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Metric
Tons/year/capita

Water
consumption/capit
a/day

People/km2

Local food
consumption and
availability

The extent of a
climate resilience
strategy

Municipal solid
waste/capita/year
Percent of waste

operations. This is then divided by the Census population
estimate for the year the data was acquired for a per capita
measure. This measure includes the emissions produced for
the energy required to power town buildings, street lights,
vehicles within the town fleet, and was taken based on what
the town deems local governmental operations.
Measures the daily water usage in liters by an individual in
the town. This data was mostly obtained through
documents on the town websites, though some information
was received from local contacts. This was then adjusted for
with the Census population estimates for the respective
year.
The measure of population density in all of the
municipalities. This was calculated using the 2016 Census
population estimates divided by the Census geographic area
for each town in square kilometers.
The measure of the amount of local food that is consumed
within a municipality. Since there are no thorough data for
the percentage of local food consumption as compared to the
total food consumption, a proxy measurement of the number
of farmers markets per capita was used to determine local
food availability. This information was obtained through an
internet search of farmers markets within the respective
towns. This was then adjusted for using the 2016 Census
population estimates to obtain a per capita figure.
Captures the degree to which the municipality has a climate
plan for their town. Due to the varying nature of qualitative
plans, a system was designed to rate existing plans based on
different metrics. In order for a document to be counted as a
climate resilience strategy, it must explicitly mention
climate or climate change, have an outlook for the future,
and directly address climate issues with action statements
or quantitative goals. If the town did not have a plan that
met all of these requirements, they were given a value of ‘0’.
If the town had a plan that was from before 2010, between
2011 and 2016, or after 2016, they were given a value of ‘1’,
‘2’, or ‘3’, respectively. This is measuring the proactive
and continued efforts of the towns to mediate the effects of
climate change and reduce their contributions.
Measures the amount of waste produced by the town on an
annual basis, adjusted for based on the Census population
estimate for the respective year. This figure includes any
waste processed by the town in metric tons.
Captures the percent of waste that is recycled and used for
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that is recycled

Percent of
greenspace

other purposes as opposed to being sent to a landfill. This
was not adjusted based on the populations of the towns
since it is already a percentage. These data are based on
numbers reported by each of the towns.
Measures the amount of greenspace within a municipality
as compared to the total amount of land in km2. This was
calculated using the National Land Cover Database data for
the different municipalities and calculating the amount of
undeveloped greenspace area as compared to the total area
within a municipality.

Map Methodology
In order to showcase the smart city initiatives currently being conducted in the
Research Triangle, a comprehensive “Cleantech Project” survey was developed
based off our research methods described in Section 3 of this report. The survey was
then introduced to local government officials in the cities of Raleigh and Durham, as
well as the towns of Chapel Hill, Cary, Benson, and Apex. Figure 5 is a replication
of the original survey presented to municipalities during these interviews.
The goal of the survey was to help the municipal contacts understand the type of
projects we hoped to feature. This helped keep our data collection relevant, despite
the nebulous definitions of “smart city projects” and “clean tech”. In order to narrow
the scope of research, the focus of the survey was on projects that involve modern,
high-tech solutions to problems faced by municipalities. Furthermore, using this
technological lens, helped satisfy the specifications of our client Research Triangle
Cleantech Cluster for the final product.
Determining the types of projects that should be considered ”smart,” and therefore
be included on the map, was ultimately a collaborative effort between interviewer
and interviewee. Using the survey as a guideline, we discussed with each contact
their interpretation of a smart city and how aspects of “smartness” aligned with
projects and planning efforts within their municipality. Based on data collected, we
were able to further develop our definition of clean tech and smart cities, and adjust
the survey accordingly. Consequently, our “Cleantech Projects” survey may serve as
a template for future smart city and municipality research.
In order to display the results of the survey in a meaningful way, we created an
interactive map web application. Project data were stored on a back-end Postgres
database and displayed on the front-end using Google Maps API,
HTML, JavaScript, and Bootstrap. The website was designed using the pythonbased framework Django and sits on an Openshift cloud server.
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Projects were categorized and a filter feature was added to the map to allow users to
select specific types of projects. The filter has seven project categories: Safety,
Energy, Transportation, Citizen Involvement, Water, Innovation, and Open-Data.
These categories were derived based on our survey data and incorporate the
majority of projects deemed appropriate for the map, consequently helping to
classify under which aspects of municipal life “smart projects” tend to fall.
One intention of the map is to enable municipalities to search for innovative
solutions to challenges they may be facing. With this in mind, we included
information detailing the primary contact or government department involved in
each project, the cost, private partnership, and any relevant grants associated with
the projects. The inclusion of contact information is essential for collaboration, since
it allows municipalities to reach out to one another if they are interested in pursuing
a particular project. The costs and benefits are necessary, since financial
considerations can often be one of the biggest hurdles for municipalities
when planning new initiatives. The private partnerships and grants are equally as
important, as they show who else was involved in each project and offer insight on
the means of financing potential future projects. Partnerships and grants
can often make projects more feasible for municipalities, and highlighting them
may encourage creative means of funding for future projects.
Finally, the website includes a section that highlights several “featured projects” for
each municipality surveyed. In addition to the name, cost, benefits, partnerships,
and department or contact information, these project descriptions also include story
component. Adding pictures and context to some of the projects within each town,
makes the projects more relatable. The goal of this aspect of the map is to make the
concept of “smartness” seem more attainable for municipalities.
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Figure 5

Cleantech Projects
If known, we are interested in hearing about:
1) Project Name
2) Associated City Department
3) Year Established/ Year Completed
4) Location of Project
5) Costs of Project
6) Benefits of Project
Energy:
☐ Waste Heat Recovery
☐ Biogas Usage
☐ Solar PV
☐ Geothermal Energy Usage
☐ Other Energy Projects?
Transportation:
☐ Electric Car Charging Stations
☐ Electric Priority Lane
☐ Solar Roadways
☐ Smart Pavement
☐ Alternative Public Transit (Zip Car)
☐ Electrification of Public Transit
☐ Hybridization of Public Transit
☐ Public Transit Apps
☐ Parking Apps
☐ Other Transportation Projects?
Lighting:
☐ LED Streetlights
☐ Smart/ Motion Sensored Streetlights
☐ Solar or Wind Powered Streetlights
☐ Other Lighting Projects?
Any Others Projects?

Buildings:
☐ LEED Certification Requirements
☐ Rainwater Harvesting
☐ Green Roofs
☐ Grey Water Reuse
☐ Smart Thermostats
☐ Thermally Driven AC
☐ Other Building Projects?
Essential Services:
☐ Smart Meters
☐ Reverse Osmosis Water Treatment Plants
☐ Sewage Recycling
☐ Public Wifi
☐ Emergency Response Apps
☐ Other Essential Services Projects?
Citizen Engagement:
☐ Living Labs/ Innovation Hubs
☐ Startup Incubators
☐ Open Data Initiatives
☐ “SeeClickFix” Apps
☐ Other Citizen Engagement Projects?

