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Executive Summary

gdechnologies

Executive Summary

Emerging Technologies Research

Through the Connected Communities
initiative, the Tennessee Valley Authority
(TVA) is helping communities throughout
its service territory (the Tennessee
Valley) leverage tech- and data-driven
solutions to improve quality of life,
deliver environmental benefits and scale
economic opportunities. Connected
communities are towns, main streets,
neighborhoods and cities that use data
and technology-driven innovations to
offer new and improved services to
people and businesses. We are working
together with a variety of stakeholders
to jumpstart innovative pilot projects
and programs to deliver on Valley-wide
Connected Communities’ goals. The
information presented here can serve as
a starting point to inform TVA’s planning,
as well as efforts by the range of
stakeholders engaging.

This report provides a high-level overview
of 24 key technology applications that
can support progress toward the region’s
connected community mission and
vision. The report highlights barriers,
drivers, market players and experience
with deployment in the Valley to date.
This information can help inform our
decision-making as we clarify priorities

for the ways in which we will advance
the Valley-wide Connected Communities
mission and vision. While many of the
identified technologies are mature enough
for pilot projects or even programs, there
are a variety of adoption barriers. The
barriers presented suggest that several
forms of support will be necessary,
including financing, education, technical
support, facilitation and building viable
business models to name a few. One of
the most prevalent barriers across many
technologies is the lack of education and
awareness. We can support Connected
Communities’ progress by sharing
knowledge, experiences and lessons
learned in the Valley. Easy access to
high-quality information is a first step
toward increasing adoption of Connected
Communities technology applications.

We hope this information makes it easier
for our local power companies (LPCs),
governments, community groups and
other stakeholders to identify and begin
to evaluate the technology applications
that make sense for their communities.
Each community is unique in its needs
and existing infrastructure, but we can all
work together to achieve our Connected
Communities goals.
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Introduction

Introduction

Research Methodology

With the endless possibilities of technology solutions available today, how did we come
up with a list of just 24? To start, our main objective was to identify and characterize
options that may serve as a catalyst for innovation across the Valley or emerging
technology applications with the potential to advance Connected Communities concepts

within our own programs or operations.

Key Questions

What emerging technologies are
currently being tested within the
Connected Communities space?

©

How are the
technologies applied?

WA 6 | Connected Communities Emerging Technologies
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What activity is happening in

TVA'’s territory regarding these
technologies, and which jurisdictions
are leading in this space?

(4]

Which companies are leaders in the
research, testing and deployment
of these relevant technologies?

Shortlist Development

Using the key questions as a guideline, our team
started by looking at over 80 technologies that

relate to the Boyd Cohen Smart City Framework
(smart people, smart economy, smart government,
smart environment, smart mobility and smart living),
drawing on sources such as Guidehouse Insights,
federal departments, national laboratories, industry
organizations and others. To create a shortlist of
technologies on which to focus efforts, the research
team filtered the original 80+ options looking at the
potential applications for current or near-term TVA
activities, how each of those technologies may fit into
one of the focus areas of Connected Communities,
potential impact and whether the technology is
already a focus of another initiative (e.g., electric
vehicles (EVs) and EV charging were excluded as
they are heavily researched under TVA’s EV initiative).

Once a smaller list was compiled, the team expanded
the research to investigate case studies, use cases,
vendors and any potential information on current
market adoption of those technologies. This enabled
us to find 24 technology applications that may be
well-suited for the various communities we serve.

80+

technologies
researched

that relate to the
Boyd Cohen Smart
City Framework.

24

technologies
selected

to focus efforts on for
Connected Communities.
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Introduction

Findings
Based on our research, applying the following

technologies can help the Tennessee Valley to meet

its Connected Communities goals. Each community is Building-Scale Energy
unique, and some technologies may be better suited in
one community while a different set of technologies is

(e.g. lighting, heating)

a better fit in another community. While some may be Energy Analytics

related, each of these technology applications serves a (e.g., energy modeling)

specific purpose in the Tennessee Valley’s Connected

Communities vision. In the following pages, you’ll see Community-Scale Energy
a description of each of the identified technologies, the (e.g., community solar, microgrids)
value it presents, current examples, as well as barriers

Connectivity
(e.g., Wi-Fi kiosks)

to adoption.

Many of these technology applications require
collaboration across multiple stakeholders and require Other Analytics

input from various departments here at TVA, as well as (e.g., smart water management)
external stakeholders. This highlights the importance

of various entities working together to bring forward

the shared vision of Connected Communities. Every
stakeholder plays a role in bringing these solutions to light.

Agriculture

(e.g., agrivoltaics)

Economic Development

(e.g., virtual reality for
workforce development)
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Emerging Technologies

Emerging Technologies

EE‘ 2 HEATING
E -*

Building-Scale Energy

These technologies can be found in homes,
multifamily buildings, commercial buildings
and industrial complexes and often involve
enhancements to or integration of existing
technologies such as thermostats, HVAC
systems, lighting and windows.

INCLUDES

v Connected Lighting v Smart Ventilation

v Behind the Meter Storage v Smart Windows & Glass
v Building Thermal Storage v Grid-Interactive
+ Smart Heating Solutions Efficient Buildings
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Emerging Technologies

AT A GLANCE

(53

TECH READINESS

Commercially
available

V%

POTENTIAL

High market
adoption anticipated
in education and
retail buildings

=

FOCUS AREA

Energy and
Environmental Justice

Connected Lighting

Internet-connected lighting systems, or smart
lighting systems, are used to increase energy
efficiency and occupant controls. This is done by
using sensors or controllers that allow for the lights
to communicate with each other and transmit data
to make decisions about lighting

in individual rooms.!

What is driving this type of lighting? Things like
energy efficiency, the savings that come from
reduced energy use, utility incentives and rebates
and popularization of smart building management
systems all encourage the wider adoption of
smart lighting systems in commercial buildings.?
Smart lighting systems face barriers to greater
adoption, including higher costs compared to basic
lighting systems, a small pool of knowledgeable
professionals in this space, lack of awareness and
no standardization in smart lighting system setup.2

Benefits
e Improved energy efficiency
¢ Reduced peak electric load

¢ Reduced energy costs

WA 12 | Connected Communities Emerging Technologies

Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley

The state of Tennessee partnered with Osram, a
smart lighting company, to retrofit lighting systems
in state buildings, reducing their consumption by
an expected amount of 60-80%. Updates included
daylight harvesting and occupancy sensors. Osram
also completed projects for other Tennessee
buildings, including the Tennessee Supreme

Court, East Tennessee Fire Services and Codes
Enforcement and East Tennessee Regional Health
Office, all using advanced lighting controls and LED
lights.® TVA's Consortium for Energy Efficiency (CEE)
group is also involved in connected lighting work.

Beyond the Valley

Signify and Enlightened
are two smart lighting
companies that can
provide smart

lighting solutions.

13 | Connected Communities Emerging Technologies
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AT A GLANCE
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TECH READINESS

Commercially
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market growth
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FOCUS AREA

Energy and
Environmental Justice

Behind the
Meter Storage

Small-scale battery storage (serving residential and
small commercial consumers) can help reduce peak
load, support adoption of renewable energy and
provide resilience. Community energy storage, which
is similar to community solar, is an uncommon but
growing opportunity. Currently, most community
energy storage projects are front-of-the-meter and
utility-owned.*

Several drivers are increasing interest and use in

this technology, including declining battery costs,
high solar penetration, demand for resilience and
more favorable incentives and rate structures.® Some
barriers of behind the meter battery storage include
the lack of net energy metering, storage incentives
and favorable rate structures.®

Benefits
e Improved energy efficiency
¢ Reduced peak electric load

¢ Reduced energy costs

WA 14 | Connected Communities Emerging Technologies

Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley

ORNL operates the country’s largest
open-access battery manufacturing

R&D center, supporting manufacturing
efficiency and a domestic supply chain
for batteries by providing access to
any U.S. battery manufacturer, material
supplier, equipment manufacturer or
battery end user.’

Beyond the Valley

National laboratories conduct various
types of research into behind the meter
battery storage projects including
PNNL, ORNL and NREL. Some
states, like California, New York and
Vermont, have crafted state policies
that either incentivize or encourage
the adoption of battery storage.
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AT A GLANCE

Q.

TECH READINESS

Limited commercial
deployment

TS
A
POTENTIAL

Limited anticipated
market growth

=

FOCUS AREA

Energy and
Environmental Justice

Building
Thermal Storage

Thermal energy storage (TES) at the building

level can be used for heating and cooling as well

as reducing energy usage.® Building-scale TES
traditionally uses large tanks of hot or cold water as
the storage, but current research is exploring phase-
change materials that can be used as a layer of the
building’s walls.

TES shows promise for reducing building heating
costs, which drives ongoing research. However,
drivers for commercialization are currently
limited. Adoption requires buy-in from many
stakeholders, including utilities, building owners,
designers, architects and engineers, which slows
implementation of TES on a broader scale.

Benefits
e Improved energy efficiency
¢ Reduced peak electric load

¢ Reduced energy costs

WA 16 | Connected Communities Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley

Identified current activity in TVA’'s

service area is limited to water
heaters. However, ORNL is actively
researching this technology and

its applications.

Beyond the Valley

Various national laboratories such
as NREL, LBNL and ORNL conduct
research on this topic. Due to the
limited commercial deployments

of this technology, there are few
commercial companies.
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Smart Heating Solutions

Smart heating solutions include heat pumps, water heaters,
thermal energy storage and heating control systems (e.qg.,
thermostats), that are capable of being internet connected
for remote monitoring and control. Remote control of such
devices allows them to be coordinated for grid management
needs and to better accommodate home preferences.

There are many reasons to adopt this technology, including
potential energy savings, improved environmental
regulations and increased comfort. Smart thermostats
allow users to remotely adjust settings, pre-condition a
space and monitor status via an app - saving an average
of 10-12% of heating usage in homes, with additional
savings potential in more extreme climates.® Tax
incentives, updated energy standards and subsidies help
encourage utilities and consumers to use more efficient
heating systems.™ Challenges facing smart heating
solutions involve detailed planning. Systems must have
interoperability with other building and utility systems to
work seamlessly. For those who rent, there is a smaller
incentive for the landlord to install these items — especially
items with high upfront costs, as the landlord does not pay
the electricity bill. However, renters who pay the electricity
bill would benefit from such improvements.®"

Benefits
e Improved energy efficiency
¢ Reduced peak electric load

¢ Reduced energy costs

WA 18 | Connected Communities Emerging Technologies
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UPSTAIRS

EXAMPLES & RESOURCES

In the Tennessee Valley

TVA has a variety of experience in this space. TVA
conducted a smart water heater demonstration

project with EPRI and Bristol Tennessee Essential
Services in 2009." For customers, TVA's EnergyRight
Marketplace helps direct people to smart
thermostats for purchase. TVA continues to research
this topic with their Advanced Heat Pump group.

Beyond the Valley

Other utilities across the
nation have experience
with smart heating
solutions, particularly
smart thermostats. PNNL
also focuses research on
this topic.
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AT A GLANCE

Smart
Ventilation

&/ Similar to other smart technologies, smart ventilation N
uses air quality sensors and smart vents to maintain v

TECH READINESS . . : o
indoor air quality and to support more efficient

heating and cooling of buildings. Smart ventilation
may be part of a larger smart heating, ventilation and
air conditioning (HVAC) solution and/or a larger set
1S of controls for a grid-interactive building.

' ( ‘ Advanced smart ventilation systems are becoming
POTENTIAL more commonly commercially available, spurred
by the COVID-19 pandemic, though adoption is
not widespread. Prior to COVID-19, there was less
awareness regarding indoor air quality concerns,
which led to slow adoption of this technology.™

@ Benefits

T EXAMPLES & RESOURCES

Energy and ¢ Reduced peak electric load

Limited stand-alone
commercial options

High anticipated
market growth

In the Tennessee Valley Beyond the Valley

At this time, no smart ventilation projects were NREL and PNNL have
identified as active in the TVA area, though both conducted research

Environmental Justice * Reduced energy costs

EnergyRight continues to have an incentive for on this topic.
ultraviolet germicidal irradiation (UVGI) systems.

UVGI systems, which can operate year-round,

may help reduce and deactivate certain

airborne pathogens.
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AT A GLANCE
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Moderate anticipated
market growth

=

FOCUS AREA

Energy and
Environmental Justice

Smart Windows
& Glass

Any glass or windows that can automatically change
their properties to reduce heat and glare in a building

are considered smart windows or glass. These
smart windows can also provide privacy to those

inside the building. This, combined with the reduced

heating and glare, improves the comfort levels of
the occupants of the building and can help reduce
energy costs.™

Driving increased use of smart windows and
glass is smart windows’ ability to integrate into
smart buildings, enabling all smart devices to be
connected. Another driver is the desire to improve
occupant comfort levels inside buildings.™ Growth
has been slower than expected due to both a lack
of stakeholder education on smart windows and
the expensive price in comparison with traditional
windows and glass. There is currently a lack of
market competition that would cause the price of
these products to decrease.™

Benefits
e Improved energy efficiency
¢ Reduced peak electric load

¢ Reduced energy costs

WA 22 | Connected Communities Emerging Technologies

TINT 1

EXAMPLES & RESOURCES

In the Tennessee Valley

View, a private smart glass company,

installed their smart windows at three
locations in Tennessee: Methodist
University Hospital, Erlanger Children’s
Hospital Outpatient Center and the
Memphis International Airport.'s'®

TINT 2 TINT 3

Beyond the Valley

View, SageGlass, Halio, PHYSEE,
PowerWindows and EControl-Glas are
all smart lighting companies across
the globe. NREL also researches
applications of this technology.
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Grid-Interactive
Efficient Buildings

Grid-interactive efficient buildings (GEBs) use

smart building controls, sensors and analytics to
communicate with the grid, reducing the amount of
energy required during periods of peak demand. This
capability is used to optimize buildings and DERs to
maintain the comfort of the building occupants, lower
utility bills and reduce grid system costs.

GEB adoption is receiving large support from the
DOE with the National Roadmap for GEBs released
in May 2021 and the Connected Communities DOE
grant (separate from TVA’'s Connected Communities)
for coordinating multiple GEBs, which announced 10
projects in October 2021."

Challenges faced by GEBs include the interoperability
of various systems in the building (like HVAC, water
heater, lighting, solar, storage, EV charging), high
upfront costs of GEBs and the lack of consumer
understanding and awareness for adoption.

Benefits
¢ Improved resilience and reliability
¢ Reduced peak electric load

¢ Reduced energy costs

WA 24 | Connected Communities Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley Beyond the Valley

ORNL is very involved with GEB technology, Various national

having deployed VOLTTRON, an open-source laboratories, including
communications platform, and a microgrid for the ORNL, PNNL and NREL,
DOE Alabama and Georgia Smart Neighborhood conduct research related to
projects.’®™® ORNL is also involved in the Building GEBs as well as the DOE.
Operations Testing Framework project.2 TVA There are some private

is involved with GEBs by working with EPRI to companies in the GEB
better understand the technical feasibility of this space like GridOptimal
technology to then provide lessons learned to and VOLTTRON.

LPCs. TVA also launched a related pilot project

testing an open-source home energy management

system that can connect to and control multiple

electric devices in a home. Learn more here.
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Emerging Technologies

of

Energy Analytics

The technologies found in this category

are often software tools that use advanced
analytical models to provide greater insights
into energy usage. Using data, LPCs and
customers can make more informed decisions
about their energy use.

INCLUDES

v Building Energy Modeling

v Energy Load Disaggregation
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Building
Energy Modeling

Building energy modeling (BEM) is a physics-
based software simulation used for building and
HVAC design, building performance assessment
and development of energy codes and standards.
BEM projects will provide valuable support to
development and adoption of GEBs and

GEB controls.?

BEM software is mature, widely used and
commercially available. However, the increasing
complexity of building energy systems and controls
needs is driving development of more complex BEM
solutions to support urban planning, energy codes,
energy efficiency and demand response efforts, and
building controls development. However, adoption
difficulties come up in building business cases

that support energy cost savings as well as limited
educational offerings.

Benefits
e Better informed planning for energy efficiency
e BTM DER

WA 28 | Connected Communities Emerging Technologies

Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley

ORNL developed the modeling software

suite AutoBEM, which uses satellite imagery

to develop large-scale models across many
buildings at once and enables the creation of
digital twins of a community’s buildings. ORNL is
testing the accuracy of AutoBEM by comparing
its outputs for an analysis of over 178,000
buildings across Chattanooga against actual
energy data from EPB and other data for

the community.?22

Beyond the Valley

Both the DOE and national
laboratories across the US
produce BEM research
and tools. Additionally,
there are some open-
source software for use
including EnergyPlus

and OpenStudio and
OptiMiser (specifically
residential focused).

29 | Connected Communities Emerging Technologies

M



Emerging Technologies

Emerging Technologies

AT A GLANCE

(53

TECH READINESS

Commercially
available &
growing quickly

A

POTENTIAL

Very high market
adoption potential

=

FOCUS AREA

Energy and
Environmental Justice

Energy Load
Disaggregation

Load disaggregation is the use of analytics and other
data to identify individual electricity loads. This data
can be useful for residential and small commercial
customers to help them better understand their
energy use and take action to improve energy
efficiency or reduce peak demand without requiring
additional hardware to be installed. This data can also
help utilities identify customers that have or could
benefit from certain distributed energy resources
(DER), such as heat pumps, electric water heaters

or electric vehicles (EVs). While load disaggregation
using smart meter data is a utility-driven solution,
end-use customers can also purchase in-home
energy management devices that monitor loads
directly and in real time.

Smart meters are helping to enable the
implementation of load disaggregation. As utilities
install smart meters, load disaggregation becomes
feasible as the meter can now collect data. However,
the amount of data collected and processed may be
a barrier for widespread adoption.?

Benefits

e Customer outreach and support for behind the
meter (BTM) opportunities

WA 30 | Connected Communities Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley

In creating this report, no load

disaggregation projects were
identified in TVA’s service area. Let us
know if your community is exploring
or implementing load disaggregation.

Beyond the Valley

Oracle, Bidgely, Uplight and Itron
OpenWay are all resources for utilities
interested in load disaggregation. For
residential or commercial customers,
Sense is a good resource for this topic.
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Emerging Technologies

Community-Scale
Energy

Community-scale energy includes technology
applications applied to energy use at the
community level. Some of these technology
applications improve resilience and reliability for a
community, while others aggregate energy across
an entire community to use as a shared resource.

INCLUDES

v Community Solar v Smart Energy Community

v Microgrids v Virtual Power Plant
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Community Solar

Community solar is any solar project or purchasing
program, within a geographic area, in which the
benefits of a solar project flow to multiple customers.
Community solar customers can either buy or

lease a portion of the solar panels in the array and
typically receive a credit on their electricity bill for
electricity generated by their share of the community
solar system. The benefit of this over rooftop solar
systems is that it allows a wide variety of customers
to access renewable energy without needing to install
solar themselves, while providing the grid additional
generation capacity and resilience.

Community solar projects are driven by rising fuel
costs, advances in solar technology, an increase
in federal and state tax incentives and a desire

to reduce carbon emissions and increase energy
independence.®® Community solar must be done
in coordination with the local utility and requires
significant up-front investment, which may hinder
widespread adoption.

Benefits
¢ Reduced energy costs

¢ Renewables adoption

WA 34 | Connected Communities Emerging Technologies
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EXAMPLES & RESOURCES

In the Tennessee Valley

Several LPCs and their communities have
community solar programs including Nashville
Electric, the City of Chattanooga and Middle

Tennessee Electric. Knoxville Utilities Board

will soon begin construction on Knoxuville’s first
community solar project in summer 2022.% In
total, TVA's Valley Renewable Energy programs
have provided access to community solar to over
one million people.?”

Beyond the Valley

The DOE’s Solar Energy
Technologies office is

a great resource for
community solar as well
as NREL.
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Microgrids

Microgrids control and optimize parts of the electric
grid, including distributed energy resources (DERs)
and loads that can isolate from the larger overall
electric grid to provide greater energy resilience
and reliability for a small area (e.g., community
area, military base, college, hospital or commercial
campus) in times of grid instability.

Increased frequency of extreme weather events, more
favorable regulations and decreasing technology
costs are all drivers behind an increase in microgrid
activity. Business and industrial customers are the
leading adopters. Community microgrids, serving
residential and commercial customers, are most
difficult to deploy and have the slowest adoption due
to upfront costs, regulatory challenges and varying or
required public input and collaboration.?®

Benefits:
e Improved resilience and reliability
¢ Reduced peak electric load

¢ Reduced energy costs

WA 36 | Connected Communities Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley

EPB of Chattanooga has three
microgrids in its service territory that are
used for research and are supported

by DOE funding. Additionally, ORNL
researchers use Al and a test bed
named “Commander” to create
simulations and perform research on
secure controls and hardware using
these research microgrids.?

Emerging Technologies

MICROGRID

Beyond the Valley

Honeywell and Duke are both located
close to TVA’s service area and

have experience with microgrids.
There are several private companies
that provide design, procurement

and construction of microgrids,
including Siemens, Enel Green Power,
Ameresco, Bloom Energy, etc.
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Smart Energy
Community

A smart energy community combines distributed
energy and demand response resources to

provide lower energy costs and higher levels of
resilience, flexibility and control for a community.
These communities may use a variety of other
technologies, including microgrids, virtual power
plants, distributed power generation, energy storage,
smart inverters, smart meters, DSM devices and
vehicle-to-grid (V2G) systems.

Environmental regulations as well as energy
consumers’ desire for more reliable, controllable,
inexpensive and locally generated energy are

driving interest in this technology application.
However, more widespread pursuit of smart

energy communities faces slow policy change and
technology adoption as well as hesitation from some
residential groups.*

Benefits
¢ |mproved resilience and reliability
¢ Reduced peak electric load

¢ Reduced energy costs
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EXAMPLES & RESOURCES

In the Tennessee Valley

ORNL, in partnership with the DOE,
implemented Smart Neighborhoods
in Alabama and Georgia that manage

energy for dozens of homes. The
Alabama Smart Neighborhood,
completed in 2017, has a microgrid
and utilizes transactive energy;

the Georgia Smart Neighborhood,
opened in 2019, is powered by solar
and battery energy.>!

Beyond the Valley

ComEd has a natural gas microgrid
that incorporated solar and batteries.
Additionally, the DOE has a series of
“Connected Communities” projects
(separate from TVA’'s Connected
Communities) that highlights other
smart energy communities.
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Virtual
Power Plant

A virtual power plant (VPP) is a system that relies
on software and a smart grid to dispatch distributed
energy resource (DER) flexibility services remotely
and automatically to a distribution or wholesale
market via an aggregation and optimization
platform.® VPPs can be managed by a utility or
third-party provider. These systems focus on
dispatching DERs to meet capacity, energy or
ancillary service needs defined by market signals,
while DER management systems (DERMS) focus on
grid reliability defined by utility system operations.

Electrification, policies supporting DER adoption
(which lead to an increase in DER penetration) and
the adoption of time-of-use electricity pricing all play
a role in driving the use of VPPs.* The complexity
and cost of a chosen system, convolution of labels,
privacy and cybersecurity concerns and customer
outreach and education are just some of the hurdles
for increased deployment of VPPs.*

Benefits
¢ |Improved resilience and reliability
¢ Reduced peak electric load

¢ Reduced energy costs

WA 40 | Connected Communities Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley Beyond the Valley

In 2019, TVA awarded a research project to Other utilities that have
University of Kentucky to study VPPs for DER experience with VPPs
aggregation and demand response (DR) controls, include PG&E, Con Edison
which would evaluate the impact of coordinated and Green Mountain

operation of appliances on future distribution Power. There are also
systems for communities.** Also, Kentucky’s private companies such as
Glasgow Electric Plant Board partnered with AutoGrid, Swell, Sunverge,
Sunverge for a 3-year solar plus storage VPP pilot Sunrun and Tesla that have
project in 2016 that leveraged time-of-use electricity experience with VPPs.
rates to reduce peak demand and support

frequency regulation and voltage optimization.®
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Connectivity

Connectivity technologies allow for more
accessible and higher quality forms of
communication between various entities. This
includes technologies that provide connectivity
services, like internet access, in public areas
rather than just at home.

INCLUDES
v 5G v Smart Poles
v Edge Computing v Wi-Fi 6

v Public Wi-Fi Kiosks

om ites Emerging Technologies
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5G

Fifth generation wireless (5G) is now standard for
broadband cellular networks. 5G provides faster and
more accessible internet for consumers and other
internet-connected devices. Broad deployment
began in 2019 and was rolled out quickly across the
U.S. by major telecom companies, with deployment
to less populated areas continuing. Greater
understanding and awareness of 5G use cases can
support further deployment.

Local government support of 5G adoption can help
to bridge the digital divide, support local economic
expansion and improve services and public
involvement. 5G faces cybersecurity and data privacy
risks and concerns. Local governments may also
lack the resources and skills needed to manage and
benefit from 5G connectivity. The initial upfront cost,
financial risk or lack of clear financial benefits may
be barriers to municipalities improving public internet
access. There are also unresolved public concerns
over health risks and aesthetics for 5G.%

Benefits
e Access to high-speed internet

e Host loT devices
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EXAMPLES & RESOURCES

In the Tennessee Valley

Knoxville is partnering with
telecommunications company CNX

to deploy 5G. To deploy 5G services
more quickly across Knoxville, CNX
completed an inventory on city-
owned assets.*®

Beyond the Valley

Ongoing research into 5G is conducted
by national laboratories, like NREL
and PNNL, in conjunction with large
communication companies. 5G
infrastructure technologies are mature
and deployment now is focused on
bringing 5G to more rural areas.
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Edge
Computing

Edge computing pulls together solutions that
process data at or near the source of data
generation, generally Internet of Things (IoT) devices,
rather than in a centralized location such as a cloud
or data center. This allows for faster processing
and more efficient data delivery, as well as reducing
the bandwidth necessary to share data to the

cloud or end users. Other benefits include reduced
operational costs due to reduced data storage
needs, improved system resiliency and

flexible scalability.®

Open source loT/Edge Computing platforms are
becoming increasingly popular due to their flexibility
and customization options as well as the cost
advantages.* However, the lack of awareness of this
technology and cybersecurity concerns are barriers
to greater adoption.*

Benefits

¢ Improved computing to enable analytics
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EXAMPLES & RESOURCES

In the Tennessee Valley

AT&T has partnered with University of
Tennessee, Knoxville to expand 5G
coverage and Edge Computing on

Campus.*? Additionally, TVA, ORNL
and University of Tennessee are
collaborating to help startups focused
on the “industries of the future,”
including edge computing, through
the Techstars Industries of the Future
Accelerator program.*

12:04 pm

Beyond the Valley

Dell, Microsoft and Amazon Web
Services have all created edge
computing platforms, and many large
telecommunication providers have
already implemented edge computing
for their cellular networks.
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Public
Wi-Fi Kiosks

Public Wi-Fi kiosks are placed in public spaces and
provide free Wi-Fi. These kiosks can have a screen
that shares details on community events, provide
maps of the area, offer device charging, display
advertisements to support local businesses, etc.
Advertising can provide revenue to fund the kiosks.

The growing necessity of the internet for daily life
and the need for equitable access are driving the
advancement of these kiosks. When deploying
these kiosks, be mindful of privacy concerns about
both data collection and the security of the internet
access, as the networks offered by the kiosks are
often less secure than others.*

Benefits

e Access to high-speed internet
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EXAMPLES & RESOURCES

In the Tennessee Valley

Beyond the Valley

Public Wi-Fi has been deployed in some cities, Link and IKE Smart City

but no use of Wi-Fi kiosks was identified through are companies that have
this research. Chattanooga’s NoogaNet is one experience with public
such public Wi-Fi network that is accessible at Wi-Fi kiosks.

locations such as libraries, recreation centers

and parks.*
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Smart Poles

Smart poles integrate connected lighting, wireless
connectivity (Wi-Fi or cellular) and Internet of Things
(IoT) sensors into one cohesively designed unit,
typically on streetlight poles. This technology can
provide public connectivity, charging for phones
or EVs, reduced energy use from better managed
connected lighting, as well as data via loT sensors
for air quality, noise, traffic movement, gunshot
detection, etc. Poles can host public Wi-Fi access
points and/or the small cells needed for mobile
broadband networks, or space on poles can be
leased to third parties for municipal revenue.*

The overall technological shift of our world is leading
towards increased public connectivity and safety,
and smart city sensor infrastructure. The high cost
per unit, data privacy concerns, ownership model
and use case justification are some of the current
challenges smart poles need to overcome for
broader implementation. The use of cameras on
smart poles also has caused public concern in the
past due to privacy concerns.

Benefits
e Access to high-speed internet

e Host loT devices
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EXAMPLES & RESOURCES

In the Tennessee Valley

Johnson City, Tennessee is partnering

with TVA and Brightridge to install
smart poles in downtown Johnson
City. The poles include lights, cameras,
speakers, pedestrian counters, parking
kiosks and a Wi-Fi hotspot.*

Beyond the Valley

There are several companies that
have experience with smart poles,
such as Siemens, GE, Signify,
ENE.HUB and Nokia.
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Wi-Fi 6

Sixth generation Wi-Fi (Wi-Fi 6) technology, also
known as high-efficiency Wi-Fi, is an Institute
of Electrical and Electronics Engineers (IEEE)
standard for wireless local area networks aimed
at improving data rates in high-density areas,
allowing it to support more devices at once, use
less battery power from connected devices

and provide faster speeds.*

Wi-Fi 6 can support more data-intensive uses
which makes this very useful in denser population
centers. While many new products support Wi-Fi
6, it is inaccessible to older devices and requires
upgraded hardware on the consumer side as well
as upgraded Wi-Fi network hardware.*

Benefits

e Access to high-speed internet
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EXAMPLES & RESOURCES

In the Tennessee Valley

Numerous internet providers throughout the

Tennessee Valley offer Wi-Fi routers that
support Wi-Fi 6 for residential and commercial including Cisco Systems,
customers. This is a mature technology deployed NETGEAR, Intel, Linksys
across the United States, and there are many Holdings, among others.
players in this space.

Beyond the Valley

Many key players exist
in the Wi-Fi 6 marketing
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Other Analytics

Similar to energy analytics, these tools allow

users to gain more information about existing
systems, like wastewater treatment, allowing for
more informed decision-making from advanced
data analytics.

INCLUDES

v Digital Twin Modeling
v Smart Water Management

v Smart Wastewater Management
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Digital
Twin Modeling

One-to-one digital recreations, or digital twin
models, of real-world objects or systems and have
many applications. Digital twins are a visual tool for
monitoring present conditions and simulating future
scenarios and may use machine learning or artificial
intelligence (Al).*® Depending on the sensors and
data available, digital twins can inform municipal
operations, flood planning, heat islands, water
treatment, building efficiency, traffic management,
air quality and more.

Digital twin models are relatively low cost as
communities can create basic digital twins with
easily accessible, open source or low-cost data such
as GIS data or satellite imagery.* While digital twins
present valuable use cases to a variety of sectors,
there is a knowledge gap about its applications and
benefits. Utilities and municipalities, which may
benefit from this technology, will need employees
comfortable and knowledgeable about working with
digital twins.*® There is also a lack of digitized data,
loT sensors and data for the digital twin and proper
data security and privacy.®

Benefits

¢ Better informed planning for electricity, water,
buildings, etc.
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EXAMPLES & RESOURCES

In the Tennessee Valley Beyond the Valley

ORNL has done a lot of work in this space, ORNL leads research

including creating a modeling program called and development on
Automatic Building Energy Modeling (AutoBEM), this topic.
developing a power grid digital twin and working

with multiple Departments of Transportation on a

digital twin model looking at traffic congestion.*
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Smart Water
Management

Smart water management uses sensors and data

to inform better overall management. It can apply
analysis to historical data and/or sensor data

for applications such as detecting water leaks,
checking water quality and enabling predictive
maintenance. Another possible application of smart
water management is to narrow the search for lead
water service pipes so that cities can replace them,
which has traditionally been difficult due to a lack of
installation records.®

Climate change and increasingly scarce

freshwater resources are driving forces for more
smart water management implementation.*
However, implementing smart water management
technologies requires collaboration between city
departments, funding that may be difficult to gather
and data integration that may not yet exist.>

Benefits

e Improve water and wastewater management,
efficiency and contamination monitoring
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EXAMPLES & RESOURCES

In the Tennessee Valley

Spencer, Tennessee implemented a sensor
system to detect leaks in the city’s primary raw
water pipeline in partnership with Electro Scan

Inc. after receiving a grant in 2019 under the
Water Infrastructure Improvements for the Nation
Act.>s Additionally, White House Utility District
(WHUD) implemented a leak detection program

in collaboration with Esri. Data from smart water
meters throughout the district is pulled into ArcGIS
in real-time. WHUD also installed high- and low-
flow alarms that trigger if water flow goes below or
above a certain threshold.%

Beyond the Valley

Smart water
management research
and implementation

are conducted by the
U.S. Geological Survey
(USGS). There are also
some private companies
out of Singapore that
have experience in this
space, including Optiqua,
ZWEEC and AquaTEC.
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Smart Wastewater
Management

Smart wastewater management focuses on using
sensors to monitor water quality, presence of
chemicals in water and system capacity. Sensors can
also detect leaking pipes and the impact of rainfall on
sewage systems. loT technology in these applications
grants insights into wastewater issues by looking at the
patterns of leaks, floods and contamination, and can
enable quick reaction times and problem solving.*

The sensors for smart wastewater management are
easy to use and have a fast response time.* Using
these for remote monitoring also removes the need
for maintenance staff to check pipes as regularly, or to
collect samples for lab monitoring. Some industries,
such as manufacturing, are required to use devices to
monitor wastewater quality to ensure wastewater does
not contain trace metals or chemicals.* A challenge
to implementing sensors across a system requires
significant build out, and companies may be unwilling
to spend large sums to accomplish this.*®

Benefits

¢ |mprove water and wastewater management,
efficiency and contamination monitoring
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EXAMPLES & RESOURCES

In the Tennessee Valley

The City of Memphis implemented a
smart sensor monitoring system for
industrial wastewater discharge. The

system monitors water quality over
more than 100 industrial sampling sites
in the city’s wastewater service area.
The city staff can use the data collected
by these sensors to see information
about discharge in real-time.®

Beyond the Valley

The USGS Upper Midwest Water
Science Center is testing using
optical sensors to detect sewage
contamination in the Great Lakes.
The sensors will be able to identify
sources and timing of contamination.
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Agriculture

The technology applications featured

in this category connect the farming
and energy industries to create a new
intersection of opportunities for both of
these sectors of the economy.

INCLUDES:

v Agrivoltaics

v Internet of Things for Agriculture
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Agrivoltaics

Agrivoltaics involves the co-location of solar
photovoltaics and agriculture (typically crops
growing underneath elevated panels) that can lead
to water savings, increased food production and
improved energy production. Current research

into agrivoltaics indicates increased solar panel
efficiency and crop yields, particularly in shade-
tolerant and temperature-sensitive crops.®' Solar
panels can require a large area for installation, and
there is limited building rooftop space available.
Using this approach retains and potentially enhances
agricultural land use and soil quality.

While NREL does not believe agrivoltaics will likely
be feasible for large scale, single crop farms, it has
benefits particularly in hotter regions and regions
with more limited farmland.®* Regulations regarding
land use and project siting can cause problems for
interested farmers, as regulations often restrict uses
on agricultural land.®

Benefits
e Reduced water/electricity use and costs
e Reduced operational costs

e Potential to reduce food costs
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Emerging Technologies

EXAMPLES & RESOURCES

In the Tennessee Valley Beyond the Valley

The Tennessee Department of At the national level, NREL and
Environment and Conservation the U.S. Department of Agriculture

(TDEC) has offered funding (USDA) are good resources for more
opportunities to farmers interested in information on agrivoltaics. UMass
on-farm renewable energy projects, and Oregon State University are two
though not specifically agrivoltaics.® universities that provide additional
information on this topic.
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Internet of Things
for Agriculture

The Internet of Things (loT) for agriculture includes
using sensors and drones to monitor and manage
farms more accurately. These allow for precision
farming, smart greenhouses, livestock tracking,

as well as remote and smart technologies for
irrigation, fertilization and field monitoring.

Three key sectors are driving the adoption

of lIoT across farming and agriculture: smart
greenhouses, precision agriculture and livestock
tracking and monitoring.s* Upfront costs and
connectivity/bandwidth needs are the main barriers
to adoption. loT networks require many sensors
and consistent, reliable internet connectivity to

be effective, both of which can be difficult for
interested parties to obtain.®

Benefits
¢ Reduced water/electricity use and costs
¢ Reduced operational costs

e Potential to reduce food costs
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EXAMPLES & RESOURCES

In the Tennessee Valley

The University of Tennessee announced in July
2021 that it would be standing up a precision
livestock farming research initiative.** The
University of Tennessee Knoxville also has a Smart
Agriculture Laboratory researching sensors, robots
and loT networks for farming applications.®

Outside of the university setting, AgLaunch is a
non-profit based in Tennessee that works to support
start-ups focused on agriculture technology and
supporting farmers looking to modernize.®

Beyond the Valley

Some large companies

in the agriculture space,
like Farmers Edge, Bayer
and John Deere, are good
additional resources for
this topic.
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Economic
Development

The technology featured in this category
focuses on reimagining workforce
development in a virtual setting. Newly
available technologies, such as virtual
reality, are utilized for previously in-person
requirements like training and orientations.

INCLUDES

v Virtual Reality for Workforce Development
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Virtual Reality for
e Workforce Development
©

Virtual reality (VR) or augmented reality (AR) can
provide digital spaces for workforce development
and training. These applications could be particularly
useful to mitigate cost, maintain social distancing or

TECH READINESS

Commercially

available avoid safety concerns in training.
VR training for workforce development is becoming
" ~‘ more common and necessary due to the declining
A cost of VR technology, increasingly realistic and
POTENTIAL advanced experiences and the need for training

employees remotely.®” As with many digital
technologies, there are data privacy concerns with
this technology. Other barriers include virtual fatigue,
as VR may be uncomfortable or disorienting after

; long periods of time, and the lack of applicability for

visually impaired trainees.®”

Moderate anticipated
market growth

FOCUS AREA ] In the Tennessee Valley Beyond the Valley

Economic Benefits Walmart has VR headsets in all stores for Some of the commercial

Empowerment * Decreased time for workforce training employee training, with headsets from Oculus players in this space are
* Increased ability for remote training and software from STRIVR.®® TRANSFR is a STRIVR, HTC Vive and

company based in Alabama that offers hands- Quest for Business.
on simulation-based training for workforce

development and has collaborated with Alabama

Industrial Development Training (AIDT) on a pilot

study by offering VR training to a major defense

manufacturer which saw increased job retention.®®
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Conclusion

Final Thoughts

Strengths

Current activity in the Valley
demonstrates strengths in the
deployment of some of the identified
emerging technology applications:
community solar, smart energy
communities, digital twin modeling and
behind the meter battery storage all
have a strong presence in TVA’s service
area. By leveraging the knowledge
gained from these projects as well as
the research provided by ORNL, others
have an opportunity to create their own
pilot projects or programs with these four
technologies and applications.
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Opportunities

The identification of these four strength
areas also highlights the current gaps in
the Valley when it comes to the remaining
20 technologies previously outlined. This
research did not identify projects in energy
load disaggregation, smart ventilation

or public Wi-Fi kiosks. Additionally, only
limited activities were identified with virtual
reality for workforce development, smart
heating and building thermal storage.
These technologies have been tested or
piloted in other areas around the United
States or the globe and communities

in TVA’s service area may benefit from
learning from those projects in pursuing
their own related projects. By leaning on
the experience of others, TVA and LPCs
have the potential to create successful pilot
project or program highlighting some of
these technologies. If you have a planned
or current project in any of these areas,
please let us know by reaching out at:

connectedcommunities@tva.gov

Considerations

TVA continues to evaluate ways to engage in projects
that demonstrate the technologies described

in this report. To do this there are a number of
considerations, including prioritizing goals for
Connected Communities, identifying available
funding opportunities and assessing existing
expertise and technical resources. Partnerships

are an important aspect of continuing to explore

the technologies listed above as well. By working
together with stakeholders, Connected Communities
can help demonstrate the ways in which technology
and data can improve lives across the Valley.

Conclusion

The technology applications discussed have varying
degrees of market maturity and barriers to adoption.
While some technologies are well established in

the Valley, others present an opportunity for TVA
and LPCs to test pilot projects and gain a better
understanding of how these technology applications
operate in the region. By working together with
national laboratory experts, universities and private
companies, these emerging technologies can

be implemented to help achieve our Connected
Communities goals.

Conclusion

selected
technologies

currently have a
strong presence in
TVA’s service area.

20

selected
technologies

have been identified as
having the potential for
pilot project or program
application in TVA’'s
service area.
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Resources

Acronyms
5G Fifth generation wireless
Al Artificial intelligence
AIDT  Alabama Industrial
Development Training
AR Augmented reality
BEM  Building energy modeling
BTM  Behind the meter
CEE Center for Energy Efficiency
DER Distributed energy resources
DOE Department of Energy
DSM Demand side management
EPB Electric Power Board
of Chattanooga
EPRI  Electric Power
Research Institute
EV Electric vehicle
GEB Grid-Interactive
Efficient Buildings
IEEE Institute of Electrical

and Electronics Engineers
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loT
KUB
LBNL

LPC
MTE
NREL

PNNL

ORNL

TDEC

TVA
USGS

V2G
VPP
VR

Internet of Things
Knoxville Utilities Board

Lawrence Berkeley
National Laboratory

Local power company
Middle Tennessee Electric

National Renewable
Energy Laboratory

Pacific Northwest
National Laboratory

Oak Ridge National Laboratory

Tennessee Department of
Environment & Conservation

Tennessee Valley Authority

United States
Geological Survey

Vehicle to grid
Virtual power plant

Virtual reality

WHUD White House Utility District

Resources

Sources

1

Connected Lighting Provides Many Benefits but Adoption Remains Limited.

https://quidehouseinsights.com/news-and-views/connected-lighting-provides-many-
benefits-but-adoption-remains-limited

Connected Lighting Provides Many Benefits but Adoption Remains Limited.

https://quidehouseinsights.com/news-and-views/connected-lighting-provides-many-
benefits-but-adoption-remains-limited

Tennessee Installs Energy-Efficient Lighting for State Buildings.

https://www.smartcitiesworld.net/news/news/tennessee-installs-energy-efficient-
lighting-for-state-buildings-2773

Community Energy Storage and Energy Equity. https://www.pnnl.gov/sites/default/
files/media/file/Community %20Energy %20Storage % 20Memo.pdf

Battery Storage in the United States: An Update on Market Trends.
https://www.eia.gov/analysis/studies/electricity/batterystorage/

Market Data: DER in Commercial Buildings.
https://guidehouseinsights.com/reports/market-data-der-in-commercial-buildings

Energy Storage. https://www.ornl.gov/content/energy-storage

Turning Up the Heat: Thermal Energy Storage Could Play Major Role in Decarbonizing

Buildings. https://newscenter.Ibl.gov/2021/11/18/turning-up-the-heat-thermal-
energy-storage-could-play-major-role-in-decarbonizing-buildings/

Energy Savings from the Nest Learning Thermostat: Energy Bill Analysis Results.

https://storage.googleapis.com/nest-public-downloads/press/documents/energy-
savings-white-paper.pdf

10 Decarbonizing Heat in Buildings.

https://guidehouseinsights.com/reports/decarbonizing-heat-in-buildings
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https://guidehouseinsights.com/news-and-views/connected-lighting-provides-many-benefits-but-adoption-remains-limited
https://www.smartcitiesworld.net/news/news/tennessee-installs-energy-efficient-lighting-for-state-buildings-2773
https://www.smartcitiesworld.net/news/news/tennessee-installs-energy-efficient-lighting-for-state-buildings-2773
https://www.pnnl.gov/sites/default/files/media/file/Community%20Energy%20Storage%20Memo.pdf
https://www.pnnl.gov/sites/default/files/media/file/Community%20Energy%20Storage%20Memo.pdf
https://www.eia.gov/analysis/studies/electricity/batterystorage/
https://guidehouseinsights.com/reports/market-data-der-in-commercial-buildings
https://www.ornl.gov/content/energy-storage
https://newscenter.lbl.gov/2021/11/18/turning-up-the-heat-thermal-energy-storage-could-play-major-role-in-decarbonizing-buildings/
https://newscenter.lbl.gov/2021/11/18/turning-up-the-heat-thermal-energy-storage-could-play-major-role-in-decarbonizing-buildings/
https://storage.googleapis.com/nest-public-downloads/press/documents/energy-savings-white-paper.pdf
https://storage.googleapis.com/nest-public-downloads/press/documents/energy-savings-white-paper.pdf
https://guidehouseinsights.com/reports/decarbonizing-heat-in-buildings

Resources

Sources Continued

11 A National Roadmap for Grid-Interactive Efficient Buildings. https://gebroadmap.lbl.
gov/A%20National%20Roadmap %20for%20GEBs %20-%20Final.pdf

12 Tennessee Valley Authority/Bristol Tennessee Essential Services Smart Water Heater
Pilot. https://www.epri.com/research/products/1020674

13 Indoor Air Quality Market Boom Extends to Services. https://guidehouseinsights.
com/news-and-views/indoor-air-quality-market-boom-extends-to-services

14 Smart Windows and Glass Overview.
https://guidehouseinsights.com/reports/smart-windows-and-glass-overview

15 View Customer Overview. https://view.com/projects

16 View Continues Aviation Sector Expansion with Smart Window Installation at
Memphis International Airport. https://investors.view.com/news-releases/news-
release-details/view-continues-aviation-sector-expansion-smart-window

17 Grid-Interactive Efficient Buildings.
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings

18 Smart Buildings. https://www.ornl.gov/content/smart-buildings

19 Energy Efficiency Research Supports Grid-Interactive Townhome Development.
https://www.ornl.gov/blog/energy-efficiency-research-supports-grid-interactive-
townhome-development

20 BOPTEST: Building Operations Testing Framework. https://www.energy.gov/eere/
buildings/boptest-building-operations-testing-framework

21 About Building Energy Modeling.
https://www.energy.gov/eere/buildings/about-building-energy-modeling
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Resources

22 ORNL’s Simulation Tool creates Digital Twin of Buildings from Coast to Coast. https://
www.ornl.gov/news/ornls-simulation-tool-creates-digital-twin-buildings-coast-coast

23 Argonne Supercomputing Resources Power Energy Savings Analysis. https://www.
anl.gov/article/argonne-supercomputing-resources-power-energy-savings-analysis

24 Load Disaggregation Made Easy. https://www.itron.com/-/media/feature/products/
documents/brochure/101610mp01_load-disaggregation-technology-briefing-web.pdf

25 A Guide to Community Solar: Utility, Private, and Non-Profit Project Development.
https://www.nrel.gov/docs/fy110sti/49930.pdf

26 Sharing the Sun Community Solar Project Data.
https://data.nrel.gov/submissions/149

27 Tennessee Valley Renewable Energy: Bringing Clean Energy to the Valley for Over 20
Years. https://www.tva.com/energy/valley-renewable-energy

28 Microgrids Powered By Renewable Energy Will Generate Half A Million Jobs & $72

Billion In GDP Growth By 2030. https://cleantechnica.com/2021/11/17/microgrids-
powered-by-renewable-energy-will-generate-half-a-million-jobs-72-billion-in-gdp-

growth-by-2030/

29 Researchers Use Chattanooga Fiber Network to Defend US Grid. https://www.
govtech.com/analytics/researchers-use-chattanooga-fiber-network-to-defend-us-grid

30 Cities and Communities Smart Energy Market Expected to Reach $64 Billion by 2020.

https://guidehouseinsights.com/news-and-views/cities-and-communities-smart-
energy-market-expected-to-reach-$64-billion-by-2020

31 Smart Buildings. https://www.ornl.gov/content/smart-buildings

32 Smart Neighborhood with ORNL Microgrid Technology Wins Smart Grid Award. https://
www.ornl.gov/blog/smart-neighborhood-ornl-microgrid-technology-wins-smart-grid-award

77 | Connected Communities Emerging Technologies WA


https://gebroadmap.lbl.gov/A%20National%20Roadmap%20for%20GEBs%20-%20Final.pdf
https://gebroadmap.lbl.gov/A%20National%20Roadmap%20for%20GEBs%20-%20Final.pdf
https://www.epri.com/research/products/1020674
https://guidehouseinsights.com/news-and-views/indoor-air-quality-market-boom-extends-to-services
https://guidehouseinsights.com/news-and-views/indoor-air-quality-market-boom-extends-to-services
https://guidehouseinsights.com/reports/smart-windows-and-glass-overview
https://view.com/projects
https://investors.view.com/news-releases/news-release-details/view-continues-aviation-sector-expansion-smart-window
https://investors.view.com/news-releases/news-release-details/view-continues-aviation-sector-expansion-smart-window
https://www.energy.gov/eere/buildings/grid-interactive-efficient-buildings
https://www.ornl.gov/content/smart-buildings
https://www.ornl.gov/blog/energy-efficiency-research-supports-grid-interactive-townhome-development
https://www.ornl.gov/blog/energy-efficiency-research-supports-grid-interactive-townhome-development
https://www.energy.gov/eere/buildings/boptest-building-operations-testing-framework
https://www.energy.gov/eere/buildings/boptest-building-operations-testing-framework
https://www.energy.gov/eere/buildings/about-building-energy-modeling
https://www.ornl.gov/news/ornls-simulation-tool-creates-digital-twin-buildings-coast-coast
https://www.ornl.gov/news/ornls-simulation-tool-creates-digital-twin-buildings-coast-coast
https://www.anl.gov/article/argonne-supercomputing-resources-power-energy-savings-analysis
https://www.anl.gov/article/argonne-supercomputing-resources-power-energy-savings-analysis
https://www.itron.com/-/media/feature/products/documents/brochure/101610mp01_load-disaggregation-technology-briefing-web.pdf
https://www.itron.com/-/media/feature/products/documents/brochure/101610mp01_load-disaggregation-technology-briefing-web.pdf
https://www.nrel.gov/docs/fy11osti/49930.pdf
https://data.nrel.gov/submissions/149
https://www.tva.com/energy/valley-renewable-energy
https://cleantechnica.com/2021/11/17/microgrids-powered-by-renewable-energy-will-generate-half-a-million-jobs-72-billion-in-gdp-growth-by-2030/
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Resources

Sources Continued

33 Virtual Power Plants Infiltrate the Real Estate Market. https://guidehouseinsights.com/
news-and-views/virtual-power-plants-infiltrate-the-real-estate-market

34 New Research Project on Virtual Power Plants for Distribution Systems Sponsored by

TVA. https://www.engr.uky.edu/news/2019/12/new-research-project-virtual-power-
plants-electric-distribution-systems-sponsored-tva

35 Community Storage: The Path Forward.
https://www.peakload.org/assets/35thConf/Anderson.pdf

36 What’s Holding Businesses Back? https://www.nokia.com/networks/5g/readiness-
report/whats-holding-businesses-back/

37 Knoxville Partnering with CNX to Prepare for 5G Network.

https://www.smartcitiesdive.com/news/knoxville-partnering-with-cnx-to-prepare-for-
5g-network/516761/

38 CNX and the City of Knoxville Announce Agreement to Prepare for Small Cell

Infrastructure. https://markets.businessinsider.com/news/stocks/cnx-and-the-city-of-
knoxville-announce-agreement-to-prepare-for-small-cell-infrastructure-1014977437

39 Top 5 Benefits of Edge Computing for Businesses. https://internetofthingsagenda.
techtarget.com/tip/Top-5-benefits-of-edge-computing-for-businesses

40 Eclipse: loT and Edge Computing Adoption is Accelerating. https://iottechnews.com/
news/2021/jun/09/eclipse-iot-edge-computing-adoption-accelerating/

41 Burgeoning Adoption of Internet of Things (loT) to Steer Global Edge Computing
Market Past US$69 Bn Through 2032. https://www.prnewswire.com/news-releases/

burgeoning-adoption-of-internet-of-things-iot-to-steer-global-edge-computing-
market-past-us-69-bn-through-2032-301484811.html
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42 The University of Tennessee and AT&T are Bringing 5G to the University’s Knoxville
Campus to Power Research, Education and Innovation.
https://about.att.com/story/2021/the university of tennessee 5g.html

43 Techstars Industries of the Future Accelerator.
https://www.techstars.com/accelerators/industries-of-the-future

44 Are the Free Wi-Fi Kiosks on New York Streets Safe?

https://www.nytimes.com/2016/08/27/technology/personaltech/are-the-free-wi-fi-
kiosks-on-new-york-streets-safe.html

45 Tech Goes Home Chattanooga. https://www.techgoeshomecha.org/wifi.html

46 Smart Pole Deployments Are Expected to Experience a 50% Compound Annual
Growth Rate Through 2028.

https://guidehouseinsights.com/news-and-views/smart-pole-deployments-are-
expected-to-experience-a-50-compound-annual-growth-rate-through-2028

47 Johnson City Commission Announces “Smart Pole” Partnership. https://www.wijhl.
com/news/local/johnson-city-commission-announces-smart-pole-partnership/

48 What Is Wi-Fi 67_https://www.cisco.com/c/en/us/products/wireless/what-is-wi-fi-6.
html#~related-topics

49 Wi-Fi 6 Networks Understanding the Fundamentals: Benefits, Challenges, and Design
Principles. https://ibwave.com/wi-fi-6-networks/

50 Annual Municipal Digital Twin Revenue is Expected to Grow at a Compound Annual
Growth Rate of 25% by 2031.

https://guidehouseinsights.com/news-and-views/annual-municipal-digital-twin-
revenue-is-expected-to-grow-at-a-compound-annual-growth-rate-of-25-b
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https://about.att.com/story/2021/the_university_of_tennessee_5g.html
https://www.techstars.com/accelerators/industries-of-the-future
https://www.nytimes.com/2016/08/27/technology/personaltech/are-the-free-wi-fi-kiosks-on-new-york-streets-safe.html
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Resources

Sources Continued

51 Comparing Congestion: ORNL Computing Researchers Help Unclog Traffic Jams.
https://www.ornl.gov/news/clearing-congestion-ornl-computing-researchers-help-
unclog-traffic-jams

52 Cities are Using Big Data to Replace Lead Water Pipes with Copper.
https://guidehouseinsights.com/news-and-views/cities-are-using-big-data-to-
replace-lead-water-pipes-with-copper

53 Smart Water Solutions Can Help Meet the Challenges of Climate Change.
https://guidehouseinsights.com/news-and-views/smart-water-solutions-can-help-
meet-the-challenges-of-climate-change

54 Examining Common Barriers to Smart City Implementation.
https://waterfm.com/examining-common-barriers-smart-city-implementation/

55 City of Spencer, Tennessee, Deploys Innovative Technology for Potable Water
Detection. https://www.einnews.com/pr_news/539712584/city-of-spencer-

tennessee-deploys-innovative-technology-for-potable-water-leak-detection

56 Tennessee Utility Proactively Stops Water Leaks. https://www.esri.com/about/
newsroom/arcuser/tennessee-utility-proactively-stops-water-leaks/

57 Why Are Smart Cities Employing Wastewater Management? https://www.biz4intellia.
com/blog/why-are-smart-cities-employing-wastewater-management/

58 Biosensors for Wastewater-Based Epidemiology for Monitoring Public Health.
https://www.sciencedirect.com/science/article/pii/S0043135420313208

59 Sensors in the Water Industry: The Next Steps for loT Cities, Reports IDTechEx.

https://www.prnewswire.com/news-releases/sensors-in-the-water-industry-the-next-
step-to-iot-cities-reports-idtechex-301125700.html
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60 Community Sewage Sensors for Monitoring Public Health.
https://pubs.acs.org/doi/10.1021/acs.est.5b01434

61 Harvesting the Sun: On-Farm Opportunities and Challenges for Solar Deployment.

https://kleinmanenergy.upenn.edu/research/publications/harvesting-the-sun-on-farm-
opportunities-and-challenges-for-solar-development/

62 Beneath Solar Panels, the Seeds of Opportunity Sprout. https://www.nrel.gov/news/
features/2019/beneath-solar-panels-the-seeds-of-opportunity-sprout.html

63 Global Spending on loT for Agriculture Is Expected to Grow from $8 Billion in 2021 to
$26 Billion in 2030.

https://guidehouseinsights.com/news-and-views/global-spending-on-iot-for-
agriculture-is-expected-to-grow-from-8-billion-in-2021-to-26-billion-in-2

64 UT AgResearch Announces New Precision Livestock Farming Initiative.

https://utianews.tennessee.edu/ut-agresearch-announces-new-precision-livestock-
farming-initiative/

65 Smart Agriculture Library. https://www.ut-smartagriculture.com/research
66 Agriculture Needs a Revolution. https://aglaunch.net/what-we-do/

67 Emerging Virtual Reality Trends for Workplace Training.
https://www.forbes.com/sites/forbestechcouncil/2021/04/06/emerging-virtual-reality-

trends-for-workplace-training/?sh=3566755d5b2c

68 How VR is Transforming the Way we Train Associates. https://corporate.walmart.com/
newsroom/innovation/20180920/how-vr-is-transforming-the-way-we-train-associates

69 States Look to VR for Workforce Development. https://gcn.com/emerging-
tech/2022/04/states-look-vr-workforce-development/365765/
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