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The Global City Teams Challenge (GCTC) is now a four year‐long initiative designed to help 
communities around the world work together to address issues ranging from air quality, traffic 
management, city services, and visitor experience using Smart Cities solutions. The challenge 
facilitated partnerships between communities, innovators and providers through “Action Clusters” 
to identify solutions that are scalable and reproducible. Pennsylvania Avenue (PA) 2040 was one 
of the Action Clusters. 
 
The PA 2040 Grand Urban Boulevard GCTC had several goals to benefit residents and visitors: 

• Wayfinding, including location‐aware, self‐guided tours, and other augmented reality on 
mobile devices, as well as multi‐lingual interactive experiences. 

• Parking demand management allowing visitors to see where parking is plentiful or scarce. 
• Public safety improvements using proximity lighting. 
• Improved maintenance response times. 
• Technology applications to enhance the visitor experience  
• Emergency response management. 

 
In 2015, as part of the initial project development phase, NCPC along with DC Net / Office of the 
Chief Technology Officer, defined the scope for PA 2040 Grand Urban Boulevard. NCPC also 
participated in and led networking, team building, concept planning, design development, and 
resource generation.  
 
The initial pilot has been installed along the west end of Pennsylvania Avenue between 17th and 
20th Streets, NW. The tasks required in the project build-out included: 

• Updating existing PEPCO fiber optic cable to meet the needs of the project. 
• Installing new junction boxes to receive the required data connections for the sensor 

network. 
• Installing the Cisco components. 
• Installing new light-emitting diode fixtures within the pilot area. 
• Installation of Sensitivity (now Verizon) lighting Wi‐Fi nodes for the Light Sensory 

Network. 
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SMART CITY EXPO WORLD 
CONGRESS –  PROJECT AWARD  

WASHINGTON DC’S PENNSYLVANIA AVENUE 2040 “PA 2040” SMART 

AND CONNECTED CORRIDOR 

 AN URBAN LIVING LAB 

 

SUMMARY 

Advances in innovation and technology are rapidly paving the way for cities around the world to become 

smarter and more connected. As cities embed Internet of Things (IoT) devices into city infrastructure, these 

technologies enable city governments to enhance quality of life for residents, advance public safety, 

increase economic development, improve city mobility and services, and help conserve natural resources. 

Today, as urban planners reshape cities, the buzzwords “smart city” and “intelligent city” are prevailingly 

used to suggest that cities are becoming more technologically equipped and connected. However, for a city 

to be truly “smart” it must ensure the technology components integrated into the cityscape are effectively 

scalable, sustainable, and work in concert with other technologies as part of a holistic system.  

Washington, DC, through our Pennsylvania Avenue 2040 (“PA 2040”) Smart and Connected Corridor, has 

created an innovative urban ecosystem to evaluate technologies against business needs and gauge 

feasibility for smart city efforts citywide. As this ecosystem grows and matures, we can evaluate 

technologies across different business sectors to develop interoperability models and frameworks. Through 

PA 2040, we have defined business and technology models for sustainability and scalability that enable us 

to integrate meaningful, innovative solutions in a more informed, efficient, and effective manner. This 

transformative project enables the District of Columbia to increase success, reduce cost, and hasten the 

deployment of smart city initiatives that will positively impact citizens and businesses. 
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PA 2040 provides an ecosystem for numerous IoT sensor capabilities from smart parking, information kiosk, 

environmental sensors, CCTV video nodes, intelligent lighting, smart waste management, public Wi-Fi, fire 

hydrant sensors that feed to backend applications, creating powerful data analytics. 

PA 2040 Highlights 

Highly Innovative 

 Integrated Information Communications Technology (ICT) Architecture – Leverages the 
city’s expansive fiber network and extends it further to the city’s traffic and street 
lighting infrastructure to create an integrated ICT model for the city. 

 Scalable, Flexible Design – Underlying wireless design allows for ready deployment and 
addition of IoT services in a secure and scalable fashion. 

 Increased efficiency of government services through real-time sensing platforms – 
Through the deployment of a common lighting control and video sensing platform in the 
PA2040 area, use cases are wide from transportation to public safety business areas. 

Delivering 
Impact 

 Phased Approach for Service Delivery – Phase 1 focuses on delivering Gigabit Wi-Fi and 
sensor-based lighting control.  Phase 2 expands to transportation and public safety 
applications using video sensors.  

 Measurable goals – Each smart city application in this project is defined through 
measurable goals to identify impact through Key Performance Indicators (KPIs). 

 Easy service addition – Through partnerships and available underlying infrastructure, 
new IoT services can be readily deployed and tested within the pilot area to study  quick 
impact 

Very Feasible 

 Cost-effective and scalable solution – This proof of concept project has yielded new 
standards for integration of the fiber network to that of the transportation 
infrastructure, making it cost-effective and scalable citywide. 

 Sustainable operations model – By leveraging existing right-of-way assets and areas of 
expertise leveraged across agencies, an optimal operations model was developed to 
scale across the project as well as citywide. 

 Common technology framework – The integrated ICT environment allows a common 
underlying technology infrastructure to support applications for distinct business 
verticals. 
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PROBLEM STATEMENT  

In the District of Columbia, with more than 80 distinct city government agencies, our significant challenge 

was to find an environment and methodologies to pilot and collaboratively evaluate technologies in a way 

that helped defined interoperability standards or scalability models for citywide deployment of smart city 

efforts. Most smart city technologies provide unique value independently; the delicate balance lies in 

incorporating numerous technologies across multiple business sectors in ways that are operationally 

supportable, financially sustainable, and appropriately scalable. The PA 2040 Smart and Connected Corridor 

initiative has been instrumental to our successfully overcoming that challenge—enabling our city to 

perform evaluation across the spectrum of technologies in a real-world urban environment. 

CHALLENGES 

Before the PA 2040 project, the District’s numerous agencies were exploring smart city technology 

solutions in an effort to better serve residents and businesses in the city, but in a highly isolated and 

independent manner. While these efforts initially achieved some level of success, this fragmented 

approach highlighted gaps outlined in the following table.  

Key Issue Problem Overview 

Siloed Approach City agencies tended to operate in siloes with little cross-agency coordination, leading to gaps and 
duplication in efforts addressing similar or complementary problems. 

Inconsistent Solutions Unsynchronized approaches led to unique, non-repeatable process solutions that would be 
extremely difficult to scale and sustain. 

Scalability / Sustain-ability 
Issues 

Lack of citywide standards and broader framework hampered opportunity for long-term 
interoperable solutions and the ability to leverage lessons learned. 

Cyber Security Issues Numerous unsynchronized smart city solutions across the city were creating new gaps in cyber 
security and introducing new vulnerabilities to the city’s critical infrastructure, which was an 
enormous issue in protecting vital business systems and sensitive data. 

Unnecessary Complexity Having more than 80 municipal agencies investing and deploying smart city solutions in 
fragmented manner led to significant gaps in capability and coverage, which in turn resulted in 
technology conflicts and confusing services across the city. 

Adoption Issues The inconsistent user experience and gaps in service or coverage hampered citizen adoption. 
 

To effectively devise a strategic model and framework that successfully guided smart city solutions from a 

scalability and sustainability perspective, the city needed an environment that enabled cross-agency and 

cross-technology evaluation pilots. To accomplish this, the District identified an area of the city we could 

transform into a smart city ecosystem, enabling solution-evaluation in a real-world environment. The PA 

2040 project is an interagency collaboration across numerous business sectors and technology solutions 

working in concert to define effective and scalable models and frameworks that are interoperable and 

complementary.  
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PA 2040 PROJECT OVERVIEW 

The District of Columbia is a thriving, modern, diverse city with a rich historical presence. As the nation’s 

capital, it is a landmark destination to over 20 million visitors every year to its many beautiful monuments, 

public spaces, museums, architecture, and distinctive neighborhoods. As a major city, the District is 

addressing challenges faced by other major cities in the US and around the world, among these the need 

to drive economic growth while maintaining equity and inclusion for all residents. In response to these 

needs, we created the PA 2040 ecosystem in the heart of our city, on America’s Main Street, “Pennsylvania 

Avenue,” a national symbol and destination constantly bustling with visitors, workers, and residents.  

Initially focusing on a three-square block area west of the White House, the PA 2040 Smart and Connected 

Corridor initiative was born out of collaboration among the District’s Office of the Chief Technology Officer 

(OCTO) which manages the city’s technology infrastructure, oversees technology spending, and innovates 

solutions to enhance city services, the federal National Capital Planning Commission (NCPC) and the Golden 

Triangle neighborhood Business Improvement District (BID). This proof-of-concept project takes a 

collaborative, standards-based approach to bring smart city technology to Pennsylvania Avenue, redefining 

its role in 21st century Washington, DC.  

Even more importantly, PA 2040 provides sustainable and scalable business and technology working 

models for evaluating smart city technologies in a real-world urban environment. By integrating meaningful 

and innovative solutions in a more informed, efficient, and effective manner in the PA 2040 ecosystem, the 

District is able to increase success, reduce cost, and hasten the deployment of it smart city initiatives 

throughout the city. The positive impact of these models and best practices are not just for Washington, 

DC; other cities around the nation and the world can also leverage them. 

Another key benefit spurred by PA 2040 was the formation of the District-wide inter-agency, inter-

disciplinary Smarter DC governance body. As a living urban test bed, PA 2040 informs Smarter DC efforts 

to define required standards, establish policies and frameworks, drive cost-effective and efficient use of 

city infrastructure, and improve communications across city stakeholders. Smarter DC is addressing city 

challenges through a smart city approach in achievable, affordable, and sustainable ways.   

Based on the need to formulate a clear vision for a new Pennsylvania Avenue and collaboration to realize 

this vision, the PA 2040 project marked a new approach for the city by fostering interagency coordination, 

feasible deployment, and sustained operations as highlighted in the following table.  

Approach Description 

Interagency Collaboration Project success depended on forming a comprehensive collaboration model.  Because 
Pennsylvania Avenue falls under multiple city jurisdictions and because PA 2040 efforts required 
coordination across District government agencies, NCPC, the Golden Triangle BID, the public 
utility, and other key stakeholders, engagement was an involved and complicated process. OCTO 
engaged the District Department of Transportation (DDOT), the Department of Energy and the 
Environment (DOEE), and George Washington University, along with industry partners. 

Feasible Deployment To ensure cost-effective deployment, the team identified existing city assets it could leverage 
along the right-of-way within the pilot area. A cost-effective, scalable solution was needed to 
consider replicating this architecture to other parts of the city. 

Sustained Operations As part of defining reusable frameworks, the team not only identified approaches in deploying 
smart city capabilities, but also solutions that were sustainable beyond the initial capital 
investment. The proof-of-concept included retraining current operational resources to sustain 
operations for the technologically integrated pilot area. 
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  PROJECT GOALS 

With city-focused goals in mind, the District established PA 2040 as a living test environment that aimed 

to: 

 Deliver a smart city prototype solution that identifies the scalability, sustainability, and 

investments for future smart city projects and initiatives.  

 Create an environment of contribution, inclusion, and recognition that inspires cross-domain 

sharing and participation that can be replicated in other projects and initiatives.  

 Support the development of a citywide smart city governance framework. 

 Spur the development of a robust and flexible smart city architecture that can support not just PA 

2040 but a true citywide approach. 

 Inform the definition of smart city applications, data, and interoperability standards, along with 

cyber security, resiliency, and privacy policies.  

 Provide a best practices working model for other smart city projects in the District, cities in the 

US, and internationally. 

Specific project goals relate to the project’s two phases. Phase 1 focuses on deploying public Wi-Fi and 

connected LED street lighting to establish a robust smart city infrastructure. Phase 2 expands applications 

to include smart parking, environmental and water level sensing, video surveillance capabilities, and more. 

The following table highlights the project’s specific urban planning and business goals, which focused on 

enhancing visitor experience and economic development and improving city services in the area. 

Project Goal Description 

Enhance visitor 
experience along 

Pennsylvania Avenue 

Phase 1 implementation of meshed, ubiquitous, outside public Wi-Fi over fiber infrastructure and 
sensor-based, networked LED street lighting provides a foundation for future applications in 
Phase 2 to include smart parking, environmental and water level sensing, transit kiosks, video, 
smart waste management, and more. 

Improve maintenance and 
transportation options in 

the area 

Public works and transportation applications projected for Phase II will address better wayfinding 
opportunities and more efficient city services. 

Enhance economic 
development 
opportunities 

Public Wi-Fi with speeds up to 1 Gbps enhances street-level retail capabilities and enables more 
interactive visitor experience. 

Leverage performance 
monitoring model from 

PA 2040 Phase 1 

Phase 1 efforts serve as a springboard for measuring and evaluating project impact through key 
performance indicators and developing a model for Phase 2 and other smart city project 
outcomes aligned with Mayoral priorities, scientific standards, and best practices. 

INNOVATION  

The District’s innovative approach starts with reliance on an expansive Information Communications 

Technology (ICT) infrastructure that has the capacity to support technology innovation and citywide growth 

of smart city efforts for the coming decades. However, only until the team was able to leverage city right-

of-way assets through key partnerships within the District government and with external stakeholders, did 

the full potential for efficiencies become realizable. 
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INTEGRATED INFORMATION COMMUNICATIONS TECHNOLOGY ARCHITECTURE 

The District manages one of the most advanced government owned citywide networks in the nation; it is 

comprised of an expansive 650-mile fiber footprint that spans the entire city with a one-of-a-kind 100Gbps 

optical backbone equating to more than 4.4Tbps of aggregate capacity. By extending the city’s ICT 

infrastructure further to right-of-way elements, we created an integrated wireless high-bandwidth last mile 

network within PA 2040 that can scale to enable technology innovation and citywide growth. 

Built upon a 100Gbps District network backbone, the smart city network architecture leverages a 

centralized, redundant outdoor wireless infrastructure that delivers enterprise-wide connectivity for public 

Wi-Fi, sensors, video cameras, and secure services for government users. For example, the District already 

provides free public Wi-Fi at 225 hotspot locations citywide, which it manages centrally. The solution can 

securely extend connectivity to a range of applications anywhere in the city and be replicated and scaled 

citywide for current and newly developing smart city applications.  

FIGURE 1: PA 2040 PHASED APPLICATION 

 

Developed upon the underlying technology framework (see Figure 1), functional areas of PA 2040 provide 

public Wi-Fi, location analytics services for urban planning and economic development, sensor-based 

lighting for smart street lighting, environmental sensing for sustainability, and demand-based parking for 

smart transportation. Additional applications include public safety CCTV monitoring in coordination with 

the Metropolitan Police Department (MPD), wayfinding kiosks and intelligent traffic management in 

coordination with DDOT, smart building sensing in cooperation with the Department of General Services, 

expanded environmental sensing in coordination with the Department of Energy and Environment, and 

waste management in cooperation with the Department of Public Works and local BIDs. Functional 

architecture will develop and grow as stakeholders define new business needs. 

As the IoT industry matures and connectivity options standardize, the architecture will be flexible and 

modular. It will use Wi-Fi and cellular as standards for District IoT applications, while exploring new 

technologies such as Low-Power WAN and LTE-M, which enable low bandwidth connectivity for distributed 

sensors. A central smart city processing and storage platform will enable real-time data collection and 

analytics within the city. The District will also expand its data management strategy to accommodate 

growing data needs. 
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LEVERAGING CITY ASSETS THROUGH COLLABORATION 

PA 2040 has succeeded because each stakeholder saw value in 

participating, as aspects of the project aligned with agency key 

performance indicators (KPIs). A key component in this success 

included leveraging city infrastructure to enable critical 

connectivity between the project’s IoT devices and the city’s 

network. For example, this was the first-ever sharing of city 

traffic light cabinets and cabling conduits to house ICT network 

equipment and route fiber cabling. This approach significantly 

reduced the project’s overall cost and eliminated unnecessary 

street construction, which is disruptive to the city. In addition 

to developing stronger working relationships across agencies at 

the operational and technical levels, this will lead to future 

partnerships as the prototype model expands across the city. 

At the project level, collaboration between the different stakeholder groups across different city agencies 

enabled a new and innovative approach that will dramatically benefit the city and serves as a model for 

other cities to consider. These key steps established working models that we are already applying to new 

projects. 

PROJECT IMPACTS 

As the District’s established living test area for smart city applications, PA 2040 provides a robust 

environment to measure smart city technology impacts on residents and visitors to the District, businesses, 

city services such as parking and waste management, public safety, environment, and overall quality of life. 

This prototype initiative demonstrates important, measurable aspects of smart city projects such as 

scalability, sustainability, collaboration, and investments.  

MEASURABLE PROJECT GOALS 

PA 2040 project Phase 1, operational in October 2016, will have a 

dramatic positive impact on the city providing Gigabit public Wi-Fi for 

citizens and significantly improve the efficiency of street lighting by 

integrating an intelligent lighting solution. This project modernizes 76 

streetlights with more energy-efficient LED lights, lighting control 

nodes, environmental sensors (CO2 and temperature), video sensors, 

and Wi-Fi services (public and IoT).  

The District and stakeholders are set to measure Wi-Fi usage over time 

to analyze the potential impact of public Wi-Fi on increased activity 

within the pilot area. Key goals of the sensor-based lighting pilot are 

reduced energy consumption and cost. Additional metrics include:  

 Increased foot traffic in the pilot area due to available public 

Wi-Fi and improved visitor experience. 
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 Increase in number of smart city applications in the pilot area as well as number of innovation 

corridors in the city where this architecture is replicated 

 Data collection over time to study pedestrian and vehicle movement for more effective urban 

planning and policies to improve pedestrian safety using video analytics. 

 Data collection over time to study temperature impact within pilot area for more effective 

climate adaptation policies and urban heat island mapping efforts. 

The following table details the range of new applications planned for Phase 2 deployment. 

Application Description 

Environmental sensing  A pilot with the District-based George Washington University, DOEE, the University of Chicago’s 
Argonne Labs Array of Things, and OCTO will support the deployment environmental sensors 
that provide data on climate, air quality, and other ambient information. 

CCTV An MPD/OCTO pilot will support a video surveillance pilot that leverages cameras deployed in 
the PA 2040 area, which MPD can manage and control centrally, improving situational 
awareness and ability to respond. 

Smart parking A DDOT/OCTO pilot is underway using sensor-based parking to rebalance supply and demand 
using real-time parking availability information and demand-based pricing. 

Smart waste management A planned DPW/OCTO pilot will support efforts to test sensor-based city-managed trash 
management to help drive improved use of resources and more efficient scheduling. 

Water management A planned water sensing initiative monitors water levels at tree beds. Related initiatives include 
water quality monitoring at drinking fountains, level monitoring at drains, and pressure 
monitoring at fire hydrants. 

Wayfinding and Transit 
kiosks 

A proposed DDOT/OCTO initiative explores kiosks that provide transportation related 
information, Wi-Fi connectivity, emergency communications, opportunities for citizen 
engagement, and information about cultural sites, events, and local retail locations.   

 

Additional opportunities include the coordination of IoT efforts with planned placemaking areas and city 

planning in general, and expanded alignment with District government sustainability and smart building 

initiatives that can leverage PA 2040 smart city infrastructure. 

Evaluation criteria for applications include feasibility, sustainability beyond the initial capital investment, 

replicability to other projects, affordability, effectiveness in meeting existing KPIs, and the degree to which 

KPIs need to be updated. We will evaluate and adjust KPIs on an ongoing basis in light of District priorities, 

and the enhancement of data analysis and infrastructure capabilities.  

As a model for new smart city projects in the District, the measure of success for PA 2040 will not only be 

in developing and adopting a useful project-based framework for KPIs, measurable project impacts, 

metrics, and tools for measurement and analysis in relation to city priorities, but also in how well these 

help address associated city priorities and how flexibly the project can address changing priorities and more 

refined objectives. 

Figure 2 depicts the rich environment of applications provided to the city through the PA 2040 project. 
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FIGURE 2: PA 2040 – A STREET LEVEL VIEW OF APPLICATIONS 

 

GOVERNANCE 

The second successful outcome for PA 2040 lies in the development of a citywide framework for 

architecture, governance, standards, and policies. This interdisciplinary and interagency team approach 

taken in PA 2040 was instrumental in forming the District’s new citywide smart city governance structure, 

Smarter DC, in early 2016. Smarter DC engages District agencies and external stakeholders including the 

federal government, BIDs, universities, technology communities of interest, business, and the public to 

address city challenges through smart city efforts across the key focus areas of transportation, energy and 

environment, public safety, healthcare, urban planning, infrastructure and economic development. With 

PA 2040 as its flagship test bed, Smarter DC has begun to: 

 Define the use of enterprise connectivity services and the approach of leveraging shared 

resources across city agencies and public utilities.   

 Provide a citywide guidance framework and standards for application deployment that will 

maximize interoperability and capability sharing across the enterprise environment. 

 More efficiently prioritize, coordinate, design, and deliver smart city initiatives that are 

achievable, cost effective, sustainable, and aligned with public needs. 

 Demonstrate a model for showing metric-based results of project deployments and capability 

performance. 

 Define a data architecture that provides transparency of how smart city data will be stored, 

protected, and used, and maximizes its accessibility, usability, and impact. 

Define baseline security and resiliency reference models that will guide future smart city solutions for 

security controls, authentication methods, and appropriate measures needed to ensure a holistic security 

framework. 
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FEASIBILITY 

The PA 2040 project leverages existing District assets such as city-owned fiber infrastructure, streetlights, 

traffic cabinets, and other assets in the city’s right-of-ways to create a feasible deployment model. This 

model is being replicated for other large-scale urban planning and redevelopment efforts within the city to 

deploy an integrated ICT architecture to enable smart city applications. 

PA 2040 has developed a viable, cost-effective way of extending communications infrastructure to 

endpoints on the street to reduce last mile construction costs. With Wi-Fi and common video sensors, the 

integrated standards-based architecture enables expanded deployment of additional applications across 

several business/functional areas.  

The District’s inter-agency sharing model begun with PA 2040 has brought greater awareness of existing 

assets and areas of expertise that can be leveraged across agencies, thereby creating an optimal solution 

not just for the specific project but which can be scaled across the District through other Smarter DC 

initiatives. This has led to a sustainable operations model for infrastructure teams within the city.  Through 

clear demarcations of responsibility of underlying integrated environment, operational roles for various 

groups within the city are being redefined to optimize response and restoral times for government services. 

PA 2040 has enabled the District to be agile in how it addresses changes in operational requirements and 

challenges that invariably arise. 

CONCLUSION 

With the PA 2040 Smart and Connected Corridor project, the District began a systematic approach to 

deploying intelligent devices and sensors in public spaces, starting with a three-block area in downtown 

Washington, DC. As Phase 1 technology deployment of sensor-based street lighting and ubiquitous public 

Wi-Fi throughout the area completes, the District is already engaged in planning and preparing Phase 2 

deployment. As the PA 2040 project’s significant benefits are already being realized, future positive impacts 

will support additional sustainable and scalable smart city efforts in the District of Columbia. 

PA 2040 is not just about creating one technical and application-based smart city project in Washington, 

DC. It critically informs the District’s entire smart city framework focused on the innovative use of 

technology and data that assist city leaders to prioritize, develop, and deliver smart city strategies to meet 

current and future challenges. The District has expanded the scope of its efforts to generate actionable 

data from the use of its roadways, power grids, public utilities, buildings, and other assets. This data is 

shared across the District’s agencies and made actionable through smart applications that generate digitally 

enhanced services. 

The strategic use of technology and innovation is critical to transforming cities. In the District of Columbia, 

strategic means approaching smart city governance frameworks, standards, policies, and specific initiatives 

such as PA 2040 from an enterprise perspective that drives greater accessibility and interoperability and 

maximizes return on investments. As a sustainable and scalable model that can be replicated in other areas 

of the city, nation, and world, and as a catalyst to the District’s development of a broader smart city 

technology architecture and governance structure, the PA 2040 project is a critical step in making a Smarter 

DC. 


	PROJECT TIMELINE

