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	The Smart, Sustainable Neighborhood: A Case Study (GT Business)

	Discipline: Business
	Type: Reading; Discussion; Take-home assignment, project; In-class exercise
	Time Commitment: 30-60 mins
	Category: Case Studies on Sustainable Communities

	Big Ideas: Energy Efficiency

	OVERVIEW:
In this case study, gas and electric utility holding company Southern Company has embarked on an ambitious experiment to learn more about energy usage at a household level, as well as community scale microgrids. Every minute, sixty-two homes in Reynolds Landing upload appliance level data to Southern Company. How can Southern Company use this vast amount of data to promote energy efficiency? Are microgrids a key to creating a more sustainable and resilient energy future? How can microgrids impact or change traditional power generation business models like those used by Southern Company? Read on to learn more and consider what kinds of experiments you would run if this was your project. 
This tool was developed by Bob Myers.

	INSTRUCTIONS: 
1. Use this case study in the way that works best for your class: assign it as a take-home reading, or as an in-class reading. Supplement the case study with sources from the Additional Readings section.
Either as a take-home assignment, or in-class discussion, answer the Discussion Questions, or craft your own.

	SLS STUDENT LEARNING OUTCOMES & ASSESSMENT:
The Serve-Learn-Sustain toolkit teaching tools are designed to help students achieve not only SLS student learning outcomes (SLOs), but the unique learning outcomes for your own courses. Reflection, concept maps, rubrics, and other assessment methods are shown to improve student learning. For resources on how to assess your students’ work, please review our Assessment Tools.    
This tool achieves SLO 4. See the end of this tool for further details.


Want Help? 

Bob Myers is the contact for this tool. You can reach him at bob.myers@scheller.gatech.edu
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The Smart, Sustainable Neighborhood 
[image: Image may contain: sky, outdoor and nature]On a cold December morning in Birmingham, Alabama, Tracy West arrives in her office. As the Director of End Use, Power Delivery and Fleet R&D at Southern Company, lately it seems like all she does is run from one city to another for different meetings. In fact, she's just returned from a senate hearing in Washington DC, where she provided testimony on some of Southern Company’s research and development (R&D) work on buildings-to-grid integration (Exhibit 1). While busy, this is an exciting time for West. The Senate Energy and Natural Resources Committee was very interested to hear about the research her company is doing around microgrids and Smart NeighborhoodTM in suburban Birmingham, Alabama.
She takes a deep breath and leans back in her chair. In her hand is her favorite morning drink (black coffee, no cream). As she takes a sip, she looks south out of her 14th story window. In the distance, she can see the Ross Bridge community: the site of Reynolds Landing and her research. She wonders, 'Will Reynolds Landing be the future of energy efficient neighborhood construction, offering a more sustainable method of energy generation and transmission?' She certainly hopes so.
Southern Company
With 46,000 MW of generating capacity, 1,500 billion cubic feet of combined natural gas consumption, and throughput volume serving 9 million customers through its subsidiaries, Southern Company is one of the largest energy providers in the United States. Operations include nearly 200,000 miles of electric transmission and distribution lines and more than 80,000 miles of natural gas pipeline. The company provides clean, safe, reliable and affordable energy through electric operating companies in four states and natural gas distribution companies in seven states. It is a competitive generation company serving wholesale customers across America and a nationally recognized provider of energy solutions, as well as fiber optics and wireless communications.
The makeup of Southern Company's generating plants has been a subject of scrutiny by various NGO's (Non-Governmental Organizations) over the years. Most are fossil fuel plants—meaning they use coal, natural gas, or oil as their main fuel input. Nuclear energy makes up for 15% of the energy, and renewables produce roughly 10% of the energy depending on weather. Until recently, coal was the dominant fossil fuel in the United States. As business, regulatory and economic conditions have changed, Southern Company continues to transition its fleet and diversify its generation mix. Last year coal generation accounted for less than 30% of the power they produced, while gas generation made up for nearly half. New nuclear power is also under construction. More recently, Southern Company has made investments in solar power across the USA.
Government RegulationFigure 1 – Southern Company Service Territory


In the US, electric generation and transmission is heavily regulated by the government at not only the federal level, but also the state and local level. This regulation exists partly because, in this industry, a single provider can often provide service at a much lower cost than a combination of smaller companies. This leads to a natural monopoly. Monopolies have the power to restrict output and set prices at levels higher than economically justified. Electricity is considered an essential service for our society, so as this natural monopoly revealed itself, stricter government regulation naturally followed.
Regulation here means that government agencies oversee the prices utilities charge as well as terms of service to consumers, construction and budget plans, programs for energy efficiency, and other services. Government agencies also impose safety and environmental standards on utilities. A good example is the Clean Air Act Amendments of 1990 that limited the amount of NOx and SOx emissions into the atmosphere by fossil fuel power plants. The Mercury Air Toxics Standards (MATS) issued in 2011 drove several coal plant retirements as well as retrofitting three existing coal plants to burn natural gas at Southern Company. Regulation also helps drive the industry toward sustainable and renewable energy sources, including distributed energy resources like microgrids.
Microgrids
Getting electricity to your house has two main steps: 1) Creating the electricity (generation) and 2) getting that electricity from where it was generated to you (transmission and distribution). The physical infrastructure developed across the U.S. to mediate this process is often referred to as “The Grid.”
As technology has advanced, some have wondered if generation, transmission, and distribution could be achieved at a much smaller, local or “micro” level. The Microgrid Institute defines a microgrid as “a small energy system capable of balancing captive supply and demand resources to maintain stable service within a defined boundary.”[endnoteRef:1] The DOE defines a microgrid as “a group of interconnected loads and distributed energy resources within clearly defined electrical boundaries that acts as single controllable entity with respect to the grid…enabling grid modernization and integration of multiple smart grid technologies."[endnoteRef:2] A microgrid example would be solar panels on the roof of your house that convert heat into electricity, batteries in the garage to store power and lines connecting them to your house to supply power. [1: End Notes
. See http://www.microgridinstitute.org/about-microgrids.html]  [2: . Definition developed by the US Department of Energy Microgrid Exchange Group, which is comprised of an ad hoc group of individuals working on microgrid deployment and research.] 

Most microgrids employ multiple sources of power, but solar is almost always the dominant source in the southeast. It is not the only source, however. Consider what happens with solar power on a cloudy or rainy day--you're unlikely to store more energy. So, in that event, microgrids use supplementary sources like diesel and gas generators, batteries, wind, and water.
A big benefit of a microgrid is the ability to provide resiliency, or uninterrupted power. If power from “The Grid” is interrupted for any reason, a microgrid can take over and continue to provide power. This can be critical for hospitals and other essential services. 
Reynolds Landing 
Since 1969, Southern Company has funded a dedicated Research and Development (R&D) organization focused on developing technologies that will provide clean, safe, reliable and affordable energy to customers. In recent years, researchers have been following advances in microgrid technology. Microgrids represent a potentially disruptive technology, given how utilities have traditionally operated. 
Southern Company R&D has a strong focus on ways to increase energy efficiency. In 2014, they came up with the idea to build a community scale microgrid that would connect a full neighborhood of homes with connected/smart appliances and features. Exhibit 2 shows an overview of the project. It took a full two years to gather the stakeholders, obtain funding and gain regulatory approval. In partnership with Signature Homes and others, they selected Reynolds Landing in Ross Bridge, AL as the site for the 62 smart homes and a community-scale microgrid. 
The microgrid was designed to produce 600,000 kWatts annually (Exhibit 3). It is comprised of a non-rotating solar panel array, lithium ion battery storage and a natural gas back-up generator. The microgrid site is 13.9 acres and is located about 1 mile away from Reynolds Landing opposite an existing apartment complex. A dedicated line to the neighborhood from the microgrid is in place, but the facility can also send its power to “The Grid.” 
The homes range in price from around $340,000 to $450,000. Homes have a square footage of around 1,900 sq ft to 3,000 sq ft depending on the model. Between their grand opening on June 24, 2017 and the year’s end, Signature Homes had sold all 62 home sites. Reynolds Landing has been one of their top-selling communities. The first homeowner moved in before Thanksgiving and there are 22 families currently settling into their new homes.
All the homes come standard with energy efficient features and smart appliances. The refrigerator, oven, dishwasher, microwave and washer/dryer are connected appliances included with each home. 
Table 1 gives an example of some of the energy efficient features. 
	2017 State Efficiency Standards
	Reynolds Landing

	2x4 walls with R-13 blow in blanket insulation
	2x6 walls with R-24 blown in blanket insulation

	Standard roof decking
	Radiant barrier roof decking to reduce hot attic temperatures

	R-30 blown attic insulation
	R-49 blown attic insulation

	Double Pane Low E windows
	Triple Pane Low E windows


Table 1 – Energy Efficiency Comparison
The window shades, lights, and thermostat can all be controlled remotely with an iPad or other connected device. The doors have smart locks with keyless entry and the house alarm is voice activated.  Figure 2 give an example of a dashboard homeowners can pull up showing detailed energy usage. In return for many of these standard upgrades, each homeowner has to agree to data collection for 2 years. They also have to respond to monthly surveys and questionnaires.
[image: ]
Figure 2 – Sample Homeowner Dashboard
R&D at Reynolds Landing
With 62 different families coming early in 2018, West knows she will have a fertile test environment. She has two main research focuses. The first centers around learning from a community-scale microgrid: How to connect distributed energy sources (like a microgrid) to a larger grid or how to operate them as “islands” (apart from the grid). What kind of benefits may microgrids provide to the larger grid such as load and frequency control or voltage regulation? How can adverse impacts such as storm outages be mitigated with microgrids?
The second research focus concerns how people use energy in their homes. The depth of data she'll collect from these homes is unprecedented. Data will be collected every minute from a variety of sensors in most appliances, as well as temperature gauges throughout the home, the HVAC system, and the water heater. Exhibit 5 shows the data collection and transmission point on the wall in the garage. Researchers have studied single houses before, but never a full neighborhood and never one with all the features and technology here. 
Discussion Questions 
Given all the factors involved, West is facing some big questions. How would you answer them? 
1. What kind of new business models can come out of this? Will consumers engage demand response signals and should the residential rate structures be overhauled? What issues/concerns should one anticipate?
2. What are the main issues and opportunities that will come with owning and operating a community scale microgrid? Do any commercial applications exist?
3. [bookmark: _GoBack]What are some must-test scenarios for the next 2 years?
4. Consider that over 45% of Southern Company's customers make less than $40,000 a year. What smart technologies seem the most promising to this segment of the customer base?
5. What should R&D include in the next phase of research (like bi-directional EV charging)?


Exhibit 1 Tracy West 2017 Congressional Testimony
Buildings-to-Grid Oversight Hearing for U.S. Senate Committee on Energy and Natural Resources
Written Testimony of Tracy West, Director, End Use, Power Delivery and Fleet R&D
Southern Company, 600 North 18th Street, Birmingham, AL 35203
(205) 757-3123; tlhawkin@southernco.com
Chairman Murkowski, Ranking Member Cantwell and distinguished members of the Senate Committee on Energy and Natural Resources, my name is Tracy West, and I am a director in research and development (R&D) at Southern Company, overseeing the power delivery and end-use research programs. I would like to thank the Committee for the opportunity to speak with you today as we discuss buildings-to-grid integration and how these technologies can bolster the relationship and interaction between customers and their utility.
As you know, the U.S. energy industry is rapidly changing. Drivers include:
· Evolving customer expectations and choices
· New technologies
· Slow economic growth and reduced demand
· Reduced cost and growth of renewables, storage and other distributed infrastructure
· Changes in regulatory policy
· Stakeholder pressure
· New market competitors
Southern Company recognizes that accelerating technology development is more important than ever in this challenging environment. Since the 1960s, Southern Company has managed over $2.3 billion in R&D investment and remains the industry leader in the U.S. in research, development and deployment of innovative energy technologies. Over the past decade, Southern Company’s leveraged R&D investment of $436 million has returned benefits exceeding $3.4 billion.
At Southern Company, we put our 9 million customers at the center of everything we do. From operations and maintenance to R&D, America's premier energy company provides 46,000 megawatts of generating capacity, 200,000 miles of power lines and 1,500 million cubic feet of combined natural gas consumption and throughput volume. And through a joint venture, Southern Company and Kinder Morgan share ownership of the 7,000-mile Southern Natural Gas pipeline system and are exploring future infrastructure development opportunities. Southern Company provides clean, safe, reliable and affordable energy through electric operating companies in four states, natural gas distribution companies in seven states, a competitive generation company serving wholesale customers across America and a nationally recognized provider of customized energy solutions. 
Through an industry-leading commitment to innovation, Southern Company and its subsidiaries are inventing America's energy future by developing the full portfolio of energy resources, modernizing the grid for resiliency and security, and creating new products and services to benefit our customers. 
Today I’m here to share with you Southern Company’s buildings-to-grid efforts, and how we’re building the future of energy through our diverse, innovative research, development and demonstration portfolio. 
Buildings-to-grid communication and integration technologies could revolutionize the way we make, move and sell energy. So, what exactly does it mean? Buildings-to-grid communication allows the utility to actively engage with end-use assets scattered across a geographic area, enabling utilities to meet customer demand while employing fewer peaking generation assets or cycling our assets and increasing the resiliency and flexibility of the grid. 
I’d like to discuss a handful of our R&D projects currently underway in the buildings-to-grid space. I’m going to start with and spend the most time describing our newest buildings-to-grid initiative – the Smart Neighborhood projects.
Back in 2014, we were having conversations about what the utility industry might look like in the future. These conversations were bracketed by disparate views. On one hand, people thought the industry would remain the same with a focus on centralized power as the low-cost provider. Others recognized rapidly advancing technology and changing economics could drive the industry toward microgrids and distributed energy resources (DER). 
As a result, the Smart Neighborhood concept was born.
Two Smart Neighborhoods were proposed to proactively simulate two scenarios for residential customers in a world where DER and microgrids become key to powering the country. The first focuses on a community-scale microgrid, where resources are shared and managed at the neighborhood level to provide cost savings through economies of scale. The second focuses on customer-owned, behind-the-meter DERs that are managed on behalf of the homeowner to reduce energy costs, improve comfort and supply energy to the grid as a resource. By implementing these projects now, we prepare ourselves to remain the energy experts and adapt to maintain our competitive advantage in the utility space. These projects consist of three main pillars:
1. High-Performance Homes: Building codes and appliance standards continue to drive energy efficiency changes throughout the country. In anticipation for these changes, these projects include technologies and building practices that are much higher than the minimum of today. These high-efficiency construction techniques will model the energy performance of homes that will be the norm 20 years from now. 
2. Distributed Energy Resources: DER assets on both residential and community-scales are a key component to these two projects. As DER costs continue to decrease, these projects allow us to study the impacts of solar panels, natural gas generators and batteries at the edge of our grid, while developing new strategies to integrate them seamlessly into real-time grid operations.
3. Buildings-to-Grid Communication:  The third pillar is a way to integrate customer resources onto the grid by using their energy flexibility and thermal energy storage (in heat pump water heaters). This integration capability is enabled by the proliferation of low-cost and robust communications, as well as the widespread adoption of the Internet of Things. Shifting toward a utility that can actively engage with assets scattered across a large geographic area will enable us to meet customer demand while employing fewer peaking generation assets and increasing the flexibility and resiliency of the grid.
To continue providing value-driven solutions for our customers, we must understand the challenges and opportunities currently unfolding in the industry and how it impacts them. With that, these Smart Neighborhood projects are the first large-scale projects of their kind, integrating connected technologies with DER assets to explore how these independently-tested technologies can benefit both customers and the grid.
Alabama Power’s Smart Neighborhood in Birmingham, Alabama, consists of 62 single-family dwellings and a community-scale microgrid located nearby. This project aims to:
· Understand high-performance homes and customer experiences
· Determine which programs and services can provide new energy solutions for customers
· Evaluate community-scale microgrids
· Explore buildings-to-grid opportunities for load shaping within a community-scale microgrid
· Build relationships with homeowners to obtain real-world feedback on new home technologies and future utility business cases
[bookmark: _Hlk496526354]Georgia Power’s Smart Neighborhood in Atlanta, Georgia, is made up of 46 townhomes that make up the first phase in a larger community buildout of an additional 224 townhomes and commercial facilities over the next several years. Each townhome will be equipped with rooftop solar, battery energy storage, connected heat pump water heaters and thermostats. The goal of this project is to:
· Understand the impacts of behind-the-meter rooftop solar and battery storage
· Understand the impacts of customers supplying energy back onto the grid
· See how highly-efficient townhomes perform
· Develop new methods to integrate rooftop solar, battery storage and controllable devices to benefit the homeowner and the grid
· Investigate how heat pump water heaters can be used for thermal energy storage
· Investigate future rate design models to incorporate new technologies and customer behaviors
Before concluding this discussion about our Smart Neighborhood efforts, I stress that these projects would not be possible without our partnerships with key stakeholders, research organizations and influencers across the industry. Through funding from the Department of Energy (DOE), Oak Ridge National Laboratory (ORNL) has been developing the control systems, VOLTTRON and CSEISMIC, for the Alabama Smart Neighborhood project. VOLTTRON is the home energy management system that will communicate with the water heater and HVAC systems, and CSEISMIC is the microgrid controller that will control the generation assets and communicate with VOLTTRON. The value of the Alabama project has been strengthened by working across unit lines at DOE. The collaboration between the Buildings Technology Office and the Office of Electricity has been key to enabling the success of this multidisciplinary project.
Successes and obstacles from these projects will be applicable across the country, as the Southeast sets the stage for future Smart Neighborhoods. With these projects, we will be able to envision tomorrow’s homes, today.
While these Smart Neighborhood projects are gaining national interest, Southern Company is leading additional buildings-to-grid initiatives that include:
· Sustainable and Holistic Integration of Energy Storage and Solar PV (SHINES): This Electric Power Research Institute-led, DOE-funded project is integrating solar PV systems, advanced solar forecasting techniques, load management and energy storage with the power delivery network at three test sites across the country. Southern Company R&D and Gulf Power are performing a residential demonstration at two side-by-side Pensacola homes to better understand the capabilities of residential appliances to respond to grid and solar PV signals. 
· ORNL Grid Modernization Lab Call: Unified Control of Connected Loads to Provide Grid Services, Novel Energy Management and Improved Energy Efficiency. This project looks at a way to upgrade the controls within small commercial convenience stores to use the flexibility and thermal storage capability of refrigeration for non-perishable items (soft drinks, etc.). Southern Company is working with ORNL and Emerson Climate Controls to develop, test and implement this control strategy within our footprint.       
· Integration of Responsive Residential Loads into Distribution Management Systems (IDMS): In a partnership between ORNL, EPRI and other utilities across the southeast, Southern Company is investigating how a fully open standard-based technology framework can be integrated into our distribution management system. This project will allow us to understand different value streams that connected buildings can offer to the grid and the appropriate internal function of control and hierarchy of priorities to gain the most beneficial implementation.  
· [bookmark: _Hlk496532787]Water Heaters as Thermal Energy Storage: We are deploying a small number of grid-interactive water heaters across our service territory to integrate them with our daily grid operations. The work will include open protocols for integration and may be expanded to proprietary algorithms and information exchanges to extract the most value from the water heaters as possible.  
At the forefront of technology development for making, moving and selling electricity, Southern Company actively collaborates with other utilities, universities, U.S. government, national labs and vendors. Our leadership and vision helps invent real solutions for America’s energy future. We are focused on meeting customers' energy needs today and building the future of energy as we anticipate tomorrow. With these buildings-to-grid projects, Southern Company will remain energy experts and adapt to maintain our competitive advantage in the utility space. As these programs develop and the energy landscape shifts, we intend to lead the change to serve our customers with clean, safe, reliable and affordable energy. 
Thank you for the opportunity to testify today – I am looking forward to answering any questions you may have.
 


Exhibit 2 – Reynolds Landing Project Highlights/Overview
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Exhibit 3– Reynolds Landing Community Microgrid 
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Above: Schematic of Microgrid
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Above: Actual Solar Array and Prof		Above: Actual Load Bank and Profs

Exhibit 4 – Reynolds Landing Smart Home Technologies/Features
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Exhibit 5 – Data Collection Hub at a Smart Home (Wall of garage)
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SLS Student Learning Outcomes 

1. [bookmark: _Hlk511745906]Identify relationships among ecological, social, and economic systems.
2. Demonstrate skills needed to work effectively in different types of communities.
3. Evaluate how decisions impact the sustainability of communities.
4. Describe how to use their discipline to make communities more sustainable.*

* Note: SLO 4 is intended to be used by upper division, project-based courses such as Capstone.
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HEATING & COOLING
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Incredibly energy efficient technology.

Carrier® Infinity® Heat Pump
with Greenspeed™ Intelligence
Pplus Infinity® Remote Access Touch Control Thermostat

* Adapts to the needs of your home

* Operates longer at steadier, lower capacities,
ensuring incredible energy efficiency and quiet
operation

* Touch control thermostat can manage
temperatures, humidity, ventilation, airflow,
indoor air quality and up to eight zones

* Wi-Fi enabled remote access

Photos courtesy of Carrier
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The rﬁost efficient way to heat water.

Rheem Professional Prestige® Series
Hybrid Electric Water Heater
* 50, 65, 80 gallon capacities

+ LCD display with built in water sensor alert with
audible alarm

* EcoNet WiFi- connected technology and mobile app
gives users control over water system

* Customizable temperature control with energy
savings mode and vacation mode

Photo courtesy of Rheem MFG
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Slide-in Induction Range for the most
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Over-range microwave with
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Electric Dryer with FlexDry Technology
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