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FOREWORD SCIENCE 
PERSPECTIVE

The Sustainable Healthy Cities (SHC) Network is a U.S. Na-

tional Science Foundation-supported network of scientists, 

local governments, industry leaders, and policy partners 

committed to building better cities through innovations in 

key urban infrastructure and food provisioning systems. 

Our work is unique in that we are addressing multiple sec-

tors—energy, water, buildings, transportation-communica-

tion, wastewater and waste management, food supply, and 

public space/green space—and their interactions, as they 

shape multiple sustainability outcomes in cities. Through 

conversations with our city and policy-partners, our net-

work is focused on diverse sustainability outcomes, includ-

ing wellbeing, health, economy, environment, equity and 

livability. 

Core areas of work for the SHC network include advancing 

the science of tracking infrastructure-related sustainability 

outcomes, and applying those learnings to questions of 

localized and distributed infrastructure. Are our cities more 

sustainable when we invest in more localized and distrib-

uted infrastructure and food supply systems? What are the 

trade offs and co-benefits, and their distribution across so-

ciety? These are our overarching research questions, rele-

vant to many cities that are setting goals for local solar ener-

gy generation, urban agriculture, and food waste-to-energy 

projects, while also grappling with the advent of electric 

vehicles, smart meters and autonomous transport. 

Our research network is keenly aware that urban infrastruc-

ture transformations from spatial design and technology 

perspectives must go hand in hand with practice and pol-

icy considerations. So, at our network’s annual meeting 

in August 2017, we intentionally designed the agenda to 

enable conversations that would allow us to capture policy 

and practice responses to the research findings and ques-

tions being raised at the frontier of localized and distribut-

ed infrastructure research, as represented by the lines of 

research being pursued by SHC network researchers. 

This document presents a synthesis of those conversations. 

Indeed, documenting such science-policy dialogue is a 

core function of our research network.  Put simply, how city 

staff and policy makers react to emerging lines of research 

about new infrastructure configurations—the questions 

they have, the concerns that are raised by them, the top-

ics they are most excited by—are important data points for 

understanding the real-world political economy in which 

new science findings around localized and distributed in-

frastructure will be internalized and deployed. 

If you are a city practitioner or an urban policy-maker, we 

hope this document provides greater understanding of the 

science questions, advances and the knowledge gaps in 

the localized and distributed infrastructure research space, 

and their policy and practice implications, as articulated 

by your peers. For researchers, we hope this document 

paints a more complete picture of the policy and practice 

landscapes in cities where new science about local and 

distributed infrastructure systems is being processed and 

deployed. 

This science-policy dialogue report is designed to be the 

first in a series of reports that the SHC network will be devel-

oping over the next few years on the topic of sustainable ur-

ban infrastructure. The knowledge co-production captured 

in this report would not be possible without the ongoing 

and active engagement of our government and policy part-

ners with network researchers.

We thank our partners for their insight, excitement and com-

mitment in working with the research community to build 

better cities. We very much look forward to continuing the 

dialogue and journeying together to advance an action-

able science of sustainable urban infrastructure systems.

Sincerely,

Dr. Anu Ramaswami

Director, Sustainable Healthy Cities Network

Professor, Public Affairs and Engineering, University of 
Minnesota 



FOREWORD- PRACTICE 
PERSPECTIVE 

Successful collaborations that cross the academic-prac-

titioner “divide” to produce knowledge that is usable by 

practitioners, especially those in government, have always 

been a challenge to achieve. The area of sustainability re-

search is a multi-disciplinary area where it is important to 

achieve this type of success on a regular basis, as one of 

the goals of this type of research is to provide actors in the 

public sphere with research results to enable them to make 

necessary changes in practice and policy that are both effi-

cient and effective.

There are structural and institutional reasons that make 

successful collaborations difficult. It is because of these 

challenges that the Sustainable Healthy Cities (SHC) Net-

work has made the successful bridging of the academ-

ic-practitioner divide around sustainability science and 

decision-making one of its  key objectives. This translation 

document and the others to follow over the life of the Sus-

tainable Healthy Cities Network provide evidence of this 

objective.

Town+Gown is a university-community collaboration pro-

gram, utilizing several models of university-community 

collaboration, which is situated on the practitioner side of 

the divide and within a governmental unit—the City of New 

York. A named collaborator on the Sustainable Healthy 

Cities Network’s proposal to the National Science Founda-

tion, Town+Gown has participated in the development of 

post-convening materials aimed at local government prac-

titioners, including those working in the “test bed” cities for 

this network, such as New York City.

Town+Gown’s experience in facilitating work across the 

academic-practitioner divide involves negotiating differing 

expectations, motivations, understanding and language to 

produce work of benefit to both sides.  Academic institu-

tions need to publish and advance novel research, while 

government practitioners, despite the open data move-

ment, still have confidentiality concerns and, to some ex-

tent, discomfort in revealing to the public what they do 

not know. Government practitioners also need research 

to reflect their operational, jurisdictional and political con-

straints, all of which are not always readily evident to re-

searchers not directly involved in the day-to-day details of 

urban management, local and regional governance, and  

the public policy decision-making process.

The discussions captured in this document not only seek to 

cross the academic-practitioner divide, but they also pres-

ent peer-to-peer interactions across practitioners that are 

rare in practice, such as interactions among the nine test 

bed and partner cities of SHC.  

This translation document is the first of many that will fol-

low during the life of SHC and, with other planned transla-

tion documents, contributes to a model for successful col-

laborations to produce knowledge that practitioners in the 

public sphere can make actionable—either by changes in 

practice and policy or by leveraging future research based 

on continued interactions between practitioners and aca-

demic researchers.

Sincerely, 

Terri Matthews

Director, Town + Gown 

New York City Department of Design and Construction
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The Sustainable Healthy Cities Network represents an inter-

disciplinary group of researchers—working alongside city, 

industry, and policy partners—committed to advancing the 

science of distributed and localized infrastructure in cities. 

In August 2017, the network hosted a dialogue to consider 

the science, policy, and practice of distributed and local-

ized infrastructure in cities. Over the course of two days, 

the dialogue explored emerging science findings and key 

policy and practice responses to those findings. This docu-

ment highlights those policy and practice discussions. 

WHY DISTRIBUTED 
AND LOCALIZED 
INFRASTRUCTURE? 
Localization and decentralization of key infrastructure 

systems has emerged as a potential strategy for helping 

cities achieve multiple sustainability outcomes spanning 

environment, economy, health, wellbeing, and equity. Ex-

amples of this movement include cities declaring their in-

tention to increase local renewable energy generation, de-

crease reliance on imported water, or increase local food 

production. Distributed infrastructure systems can include 

rooftop solar panels, bike and car sharing options, autono-

mous vehicle fleets, urban farms, rain gardens, and on-site 

wastewater treatment, just to name a few. 

SCIENCE-POLICY DIALOGUE: 
A HIGH-LEVEL VIEW
Cross-cutting discussions from an opening plenary session 

helped frame high-level reactions to the following key ques-

tions: 1) What does the action-focused view from cities look 

like regarding distributed and localized infrastructure as a 

tool for advancing sustainability goals? 2) How do trends 

around localization and distributed infrastructure interact 

with larger trends in urban sustainability policy and action? 

3) What would a future with more distributed and localized 

infrastructure mean for city data collection and benchmark-

ing efforts? Below are key takeaways:

Supplementing, Not Replacing: It is important to 

frame conversations about distributed and localized infra-

structure as supplementing rather than replacing tradition-

al centralized or existing infrastructure systems.

Tangible, Locally Felt Co-benefits: Many cities 

want to depoliticize sustainability actions. One strategy is 

to keep the topic of conversation on tangible, locally-felt 

co-benefits. Community choice, resource efficiency, and 

local resilience are all important frames. 

Citizen Science for City Data: Increased direct inter-

action with community members on data collection efforts 

could improve the quality and legitimacy of fine scale data 

collection within city boundaries. 

Working toward a Dashboard: Developing a city-

wide dashboard that represents data from the full suite of 

Executive Summary: Policy Responses to 

Distributed and Localized Infrastructure in Cities 

Credit: Wikimedia Commons, Tony Webster



desired outcomes across sectors and operational areas 

within a city can help build understanding of how deci-

sions in one sector or operational area affect another.

Cross-sector and trans-boundary considerations of trade 
offs and synergies are an important part of any city effort 
to develop a comprehensive view of sustainability action. 
There is a need for more robust data, science, and research 
to inform, at fine scales, the processes of evaluating antic-
ipated benefits and trade offs from specific infrastructure 
actions that cities might take.

SCIENCE-POLICY DIALOGUE: 
A SECTORAL VIEW
Over the two-day workshop, network researchers present-

ed high-level research findings. City representatives shared 

perspectives on the implications of the research findings, 

and the group as a whole discussed challenges in trans-

lating science into actionable policy. The highlights below 

share select research takeaways and science-policy discus-

sion topics that emerged from the dialogue.

Energy

Select research takeaways: 1) Fine-scale data can reveal 

trends in actual energy use to inform broader system plan-

ning under new urban form and technology scenarios. 2) 

Consumers vary widely in how they respond to both billing 

and program-related messaging. 

Select science-policy discussion points: 1) Enlisting cus-

tomers in real-time load-balancing is a currently large and 

untapped opportunity. 2) Transitions from gas to electric 

heating will play out differently in different cities. 3) Expect-

ing a rapid transition to electric vehicles, cities are keenly 

interested in how this transition will play our spatially. 

Green Infrastructure (GI) & Food Systems

Select research takeaways: 1) Not all GI (trees, greenery 

and urban farms etc.) provide the same benefits, and not 

all areas of a city need or will benefit from all GI types in the 

same way. 2) There are not sufficient fine scale data or mod-

els to quantify benefits from small-scale GI, such as heat and 

flood mitigation. 3) Among urban food actions, diet change 

and food waste management can provide more environ-

mental benefits compared to urban agriculture. 

Select science-policy discussion points: 1) Understanding 

how GI interacts with more traditional grey infrastructure is 

critical. 2) There are potential urban sprawl trade offs when 
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considering how best to use land in an urban area for green 

cover or urban agriculture. 3) Urban food action  plans may 

benefit from clarifying the benefits of urban agriculture be-

yond food self-sufficiency. 

Transportation 

Select research takeaways: 1) Americans currently are rela-

tively unfamiliar with autonomous vehicle (AV) futures, and 

their opinions may evolve rapidly as the transition moves 

forward. 2) Early thinking suggests that fleet-operated AV 

service models may enhance equitable access to mobility 

services. 3) Land use and travel modes can affect subjec-

tive wellbeing, spanning concepts like in-the-moment hap-

piness or longer-term assessments of life satisfaction.

Select science-policy discussion points: 1) There are trade 

offs in the ways that AVs and electric vehicles (EVs) will im-

pact future vehicle miles traveled. 2) The widespread use of 

AV will have implications for urban development patterns 

and urban lifestyle preferences. 3) Under certain  policy 

scenarios, AV futures may unlock road space currently ded-

icated to parking, creating  opportunity for repurposing. 

Water and Wastewater

Select research takeaways: 1) Lab-scale research is incu-

bating new  technology for waste-to-value recovery from 

difficult-to-treat urban organic wastes, such as food waste. 

2) Value added products from waste include energy that 

can be used within circular economies in cities, as well as 

platform chemicals used in common cosmetic products. 

Select science-policy discussion points: 1) Food waste 

integration with wastewater treatment should be explored 

further as a possible greenhouse gas mitigation lever in 

cities. 2) Waste-to-value conversion viability is affected by 

public perception concerns. 3) Competing department/

agency regulations and goals can limit cross-sector waste 

reuse, especially around wastewater. 

LOOKING AHEAD
Answering the questions raised by this dialogue will require 

new modes of collaboration within and across research, 

practice, and policy communities. The Sustainable Healthy 

Cities Network is committed to advancing the science of 

knowledge co-production and science-policy communi-

cation on the topic of sustainable urban infrastructure. The 

ongoing work of the network and its partners intends to 

build on this foundation of joint science-policy dialogue on  

emerging distributed and localized infrastructure in cities. 
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INTRODUCTION
The Sustainable Healthy Cities (SHC) Network represents 

an interdisciplinary group of university researchers—work-

ing alongside city, industry, and policy partners—commit-

ted to advancing the science of distributed and localized 

infrastructure systems in cities for multiple sustainability 

outcomes.

The goal of the network is to better understand the ways 

in which distributed and localized infrastructure interven-

tions are—or are not—well positioned to deliver diverse 

sustainability gains relating to the economy, environment, 

equity, health, and wellbeing. SHC considers these diverse 

outcomes across key urban infrastructure sectors and their 

interactions, including: energy, green infrastructure and 

urban food systems, transportation, and water/wastewater. 

Why Distributed and Localized                 
Infrastructure in Cities? 

The localization and decentralization of key urban infra-

structure systems has emerged as a potential strategy for 

helping cities maximize sustainability outcomes. Examples 

include cities that have declared their intention to increase 

local renewable energy production within their boundar-

ies, decrease their reliance on imported water supplies, or 

increase their ability to produce food locally. Distributed in-

frastructure systems can include rooftop solar panels, bike 

and car sharing options, autonomous vehicle fleets, urban 

farms, rain gardens, micro-parks, and on-site wastewater 

treatment facilities, just to name a few, all of which are also  

often linked to larger systems. 

While transitions to localized and distributed infrastructure 

systems have recently gained momentum, scientific under-

standing about how the scale and spatial configuration of 

key infrastructure systems affects their ability to deliver mul-

tiple sustainability outcomes in cities is limited (Ramaswa-

mi et al., 2016). Advancing such science in partnership with 

cities and practitioners is a key goal of the network.

Purpose of this Report

In August 2017, the network convened more than 100 

participants—including faculty researchers, graduate stu-

dents, city and regional government representatives, poli-

cy partners, and industry representatives—to consider the 

implications of distributed and localized infrastructure sys-

tems for sustainability futures in cities. 

Over the course of two days, network-affiliated research-

ers presented high-level research findings from recently or 

soon to be published work. External experts, city represen-

tatives and practitioners shared reactions to the research 

findings, and the group as a whole discussed challenges 

in translating emerging science into actionable policy and 

implementable programs at the city level. 

This document represents a synthesis of the policy and 

practitioner reactions to emerging research on distribut-

ed and localized infrastructure, as represented by SHC re-

An Introduction to the Science, Policy and 
Practice of Distributed Infrastructure in Cities 

Credit: GraphicStock



searchers in 2017. The report can be read as a “state of” 

report regarding science-policy interactions on topics of 

localized and distributed infrastructure systems. 

Three Key Starting Points

Three key starting points undergirded the larger workshop 

conversation. 

First, urban sustainability concerns regularly cross juris-

diction boundaries and span multiple scales in terms of 

governance, implementation, and impact considerations. 

Put simply, considerations of sustainable urban infrastruc-

ture extend well beyond the boundaries of a city proper. 

Urban sustainability is complex, in part, because of these 

multi-jurisdictional, multi-scalar dynamics (Ramaswami et 

al., 2016). 

Second, to address this complexity, urban sustainabili-

ty science and policy will benefit from a systems thinking 

perspective. Understanding systems interactions—e.g. 

between natural, engineered, institutional, and social sys-

tems—as they impact diverse sustainability outcomes can 

better inform urban sustainability practice and policy-mak-

ing (Ramaswami et al., 2012). Dialogue that links systems 

science with values judgments  embedded in policy-mak-

ing can benefit both science and policy.  

The third key premise undergirding the workshop is a rec-

ognition that future-oriented conversations around dis-

tributed infrastructure are about distributed and localized 

infrastructures interacting with and complementing cen-

tralized infrastructure systems, not necessarily replacing 

them. From a practical perspective, all cities will be sub-

ject to “infrastructure lock-ins” whereby they have already 

committed to or are already reliant on centralized systems 

that have a useful life span expected to last decades. These 

lock-ins, however, do not mean that distributed infrastruc-

ture solutions cannot be strategically coupled with existing 

centralized systems to maximize sustainability outcomes 

and avoid new lock-ins. 

Structure of the Report

This document presents key policy and practitioner re-

sponses to emerging research on distributed and localized 

infrastructure systems, as represented by the work of SHC 

researchers in 2017. It does so across the major sectors in 

which the network is conducting research: 

Credit: Wikimedia Commons, Payton Chung

Credit: Wikimedia Commons, Howellboy

Credit: Wikimedia Commons Dllu
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energy | green infrastructure and urban food systems | 

transportation | water and wastewater 

To facilitate a discussion about policy and practitioner re-

sponses across these sectors, network researchers  first 

presented key areas of emerging research related to each 

sector. A panel discussion and open forum conversation 

followed each set of research presentations. For each sec-

tor discussion, this document presents: 

1) A brief synopsis of the emerging research topics present-

ed by SHC researchers

2) Science-policy dialogue that emerged in reaction to 

emerging research topics 

 3) Key policy & practitioner considerations looking to the 

future 

The report ends with a cross-cutting discussion about 

charting the path forward on managing transitions toward 

emerging localized and distributed infrastructure in cities. 

Discussion topics that arose from the workshop include a 

focus on the urban management and implementation con-

siderations of localized and distributed infrastructure, per-

spectives from multi-city organizations, factors influencing 

the success of science-policy communication in the urban 

sustainability space, and an explicit view towards the future 

regarding research and practitioner engagement efforts 

needed to answer key questions around distributed and 

localized infrastructure in cities. 

REFERENCES
Ramaswami, A., Russell, A., Culligan, P., Sharma, K.R., & Ku-

mar, E., (2016). “Meta-principles for developing smart, sus-

tainable, and healthy cities.” Science, 352(6288), 940-943. 

Ramaswami, A., Weible, C., Main, D., Heikkila, T., Siddiki, S., 

Duvall, A., Pattison, A.,  & Bernard, M. (2012). “A Social-Eco-

logical-Infrastructural Systems Framework for Interdisci-

plinary Study of Sustainable City Systems.” Journal of In-

dustrial Ecology, 16(6), 801-813.
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EMERGING 
SCIENCE FINDINGS
Sustainable Healthy Cities Network researchers are working 

to understand how distributed and renewable power gener-

ation in cities will interact with the larger electricity grid, in-

corporating new technologies, energy transitions, and con-

sumer interfaces. The panel session began with research 

presentations featuring emerging or recently published 

work. External researchers and city government discussants 

then reacted to the slate of research presentations. 

Modeling Fine-Grain Energy Distribution in Cities: Un-

derstanding a city’s electrical distribution system—how 

electricity gets from generator to customer—is an import-

ant part of understanding how distributed energy systems 

could be practically implemented.  Electrical models being 

developed by SHC researchers include real world informa-

tion on both electrical topology (wires and transformers) 

and premise-level meter data, collected at 15-minute inter-

vals for all meters in the system and at faster intervals for 

a subset of buildings in Fort Collins, CO and Tallahassee, 

FL.  All data is geospatially indexed, allowing the electrical 

system to be overlaid with property records and demo-

graphic data.  Using these data, it is possible to better un-

derstand detailed patterns of electricity usage across a city, 

and how distributed energy resources, such as rooftop and 

community photovoltaic generation, can best be integrat-

ed into the city’s energy system – all of which are nherently 

cross-disciplinary questions combining the  social, physical 

and political sciences.  (Zimmerle, 2017). 

City Energy Planning under Different Technology and 
Urban Form Scenarios: Understanding how today’s elec-

tricity usage patterns connect to equity and environmental 

outcomes requires understanding the spatial distribution 

of energy use at the census block-level or finer. It also re-

quires an understanding of how the “larger grid” operates 

both temporally and spatially, as new technologies are 

introduced within cities such as electric heating, electric 

vehicles and district energy. Both fine-grain and grid-level 

understanding is needed to accurately assess patterns of 

GHG emissions, air pollution, cost, and resilience. This type 

of data can also inform future energy planning in cities un-

der different technology scenarios, including waste-to-en-

ergy conversion and local renewable energy generation. 

Collecting data on the spatial distribution of energy use in 

particular allows for an understanding of how these future 

technologies could affect energy demand under different 

scenarios of urban form—compactness or sprawl (Modi et 

al., 2017). 

KEY RESEARCH TAKEAWAY 1: Understanding electric-
ity use data at finer temporal and spatial scales allows 
researchers to better understand actual patterns of 
use. More detailed understanding of energy use and 
demand can help inform efficiency and conservation 
efforts as well as future electricity planning in cities tak-
ing into account different technology and future growth 
scenarios. 

Energy Consumer Behavioral Data: A two-city study of 

Tallahassee, FL and Fort Collins, CO reveals trends in en-

ergy consumer behavioral data with respect to electronic 

billing and voluntary compliance programs. Electronic bill-

ing appears to be associated with decreased energy con-

Topics in Distributed and Localized Energy 

Infrastructure 

Credit: GraphicStockCredit: GraphicStock
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sumption. Electronic billing was more frequently adopted 

in smaller, older homes. Consumers who have opted for 

electronic billing tend to live in areas with a higher percent-

age of minority residents and in areas where residents are 

less likely to have achieved high levels of education. A con-

sumer’s level of energy use does not appear to influence 

the decision to receive electronic billing statements. With 

respect to voluntary participation (efficiency, conservation, 

etc.), low-compliance programs are more likely to be par-

ticipated in by people with homes of lower market value, 

by people with larger homes, and by people living in cen-

sus blocks with a higher percentage of minority residents. 

Those participating in high compliance programs are more 

likely to live in homes of higher market value, to live in small-

er homes, and to live in census blocks with a lower percent-

age of minority residents (Curley, 2017).

Seasonality in Behavioral Nudging: Behavioral nudg-

es can increase the effectiveness of policy program mes-

saging. SHC researchers find that the extent to which the 

content of messaging influences electricity utility custom-

er behavior – both consumption and participation in poli-

cy programs (i.e. energy conservation program, solar farm 

subscription) - is seasonal and sensitive to weather events. 

Moreover, all things being equal, the social media discus-

sion about utility programs increases in summer months. 

This likely reflects an attempt to focus on tips and programs 

that have the largest impact on summer’s peak demand. 

(Curley and Feiock, 2017). 

KEY RESEARCH TAKEAWAY 2: Energy consumers exhib-
it varied behavior when it comes to opting for electronic 
billing and participating in voluntary compliance pro-
grams for efficiency or conservation. Detailed under-
standing of current consumer behavior can help inform 
efforts to increase participation in electronic billing 
and voluntary compliance programs. Understanding 
patterns in messaging can help inform decisions about 
how to maximize positive reception of messaging and 
potentially trigger sustainable behavior change. 

KEY SCIENCE-POLICY
DISCUSSION POINTS
Are baseline expectations of 100 per cent reliability and 
industrial quality power supply (i.e. no load shedding 
or voltage fluctuations) necessary for all consumers? 

Would people or facilities with flexible power needs accept 

a rate cut in exchange for slightly reduced total reliability 

or power quality? From a utility and regulator perspective, 

total reliability is still a key concern when it comes to inte-

grating renewable supply to the grid. 

There is an opportunity to integrate real-time usage data 
with social media analysis trends and impacts in energy 
usage. In this type of effort, social media becomes a contex-

tual factor for understanding how people and events inter-

act with energy usage behavior.  

Opt-in programs for real time monitoring and feedback 
still require consumers to buy new hardware to install 
alongside their meters. The role of maintaining new hard-

ware has proven labor intensive for utilities. Cost consider-

ations and overall level of effort both seem to affect con-

sumer interest in opt-in programs. 

Benchmarking presents uncertainties with respect to 
consumer behavior. For those consuming electricity be-

low the area average, it is an open question whether their 

usage levels will trend towards the average after being 

made aware of their relatively low consumption habits. 

Utilities are anticipating a rapid transition to electric 
vehicles. They are expecting the transition will take place 

quickly once a widespread shift begins, but they are not yet 

sure when and where the transition will start, which makes 

current planning difficult. 

Strong and appropriately calibrated data-sharing agree-
ments are important for meeting the fine-scale data needs 

of researchers and the privacy and legal constraints of utilities 

who are responsible for protecting consumer data. 

Often, public utility commissions—not utilities—are the 
entities responsible for putting in place regulations that 
unnecessarily restrict data sharing. Utilities find them-

selves in a position where they would be willing to share data, 

but are trying to avoid violating current regulations. 

FUTURE POLICY AND 
PRACTICE  CONSIDERATIONS
Cities are interested in understanding how a transition 
to electric vehicles will play out spatially. This includes 

understanding how best to arrange charging infrastructure 

and how such transitions will be served by renewable energy.

Cities are still grappling with the equity and land use im-
plications of community and rooftop solar installation. 
Typologically, cities do not yet have a clear understanding 

of what makes a desirable distribution structure for rooftop 
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and community solar from either a technical or equity per-

spective. Furthermore, it is still unclear whether and how 

land use regulations will accommodate the physical foot-

print needs of distributed energy generation infrastructure. 

Cities are interested in research about the best informa-
tion and messaging strategies that influence consumer 
behavior. There is a particularly acute need for understand-

ing what affects consumer behavior vis-a-vis conservation ef-

forts as well as general usage trends.

A new frontier of utility consumer interaction is to offer 
real time messaging on usage data. Can a text message 

asking people to temporarily reduce usage in exchange for 

a rate benefit serve as a load balancing tool? Many major 

utilities have launched smartphone apps focused on gen-

eral information and billing, but less experimentation has 

happened around real-time demand updates. 

There are options for structuring data sharing agree-
ments such that university researchers are neutral bro-
kers.  This often involves considering researchers as contrac-

tors who, as a function of their contractor agreements, assume 

responsibility for protecting the data. 
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EMERGING 
SCIENCE FINDINGS
Sustainable Healthy Cities Network researchers are working 

to understand how travel behavior, new technologies and 

land use configurations interact to determine urban mobility 

futures. The panel session began with research presenta-

tions featuring emerging or recently published work. Exter-

nal researchers and city government discussants then react-

ed to the slate of research presentations. 

American Preferences for Autonomous Vehicles: Rough-

ly a third of adult Americans would choose an autonomous 

vehicle (AV) for their next vehicle purchase, assuming 

cost-competitiveness with human driven vehicles (HVs). 

For a vehicle that has dual autonomous and human driving 

modes, Americans estimate they will drive their vehicle in 

manual  mode (as in HV) 64 percent of the time. Less than 

20 percent of Americans choose shared AVs as their primary 

mode of travel under different per-mile cost scenarios. Re-

spondents indicated, however, that shared AVs are particu-

larly attractive for traveling to destinations where parking is 

a challenge. The average American thinks that AVs should 

be allowed to travel empty up to 20 percent of the time, 

whereas 25 percent of Americans think that all empty travel 

(a vehicle without passengers) should be banned. Ameri-

can public opinion on AV use, regulation, and willingness 

to pay could change rapidly as the technology becomes 

more ubiquitous (Quarles & Kockelman, 2018a; 2018b). 

Equity Implications of Autonomous Vehicle Adoption: 

The  Federal American with Disabilities Act requires pub-

lic transit services be made available to persons with dis-

abilities. A court case referred to as the Olmstead Decision 

sets standards for transit service provision for persons with 

disabilities. Services cannot be different from those with-

out disabilities. States develop and implement “Olmstead 

Plans” to comply with federal standards. The fleet model for 

AV operation—in contrast to privately owned AVs—is rela-

tively unfamiliar to many Americans accustomed to private 

vehicle ownership but is premised on flexibility and could 

complement existing transit services by enhancing first 

and last mile access. It is unclear whether the fleet model 

for AV operation can be made to effectively serve people 

with disabilities. There are open questions as to whether AV 

adoption will enhance the ability of seniors to age in place, 

as well as questions of who exactly among seniors will be 

best positioned to benefit from widespread AV adoption 

(Douma, 2017). 

KEY RESEARCH TAKEAWAY 1: Americans currently are 
relatively unfamiliar with what AV futures could look 
like, and their opinions may evolve rapidly, as was the 
case with other widespread technology shifts, includ-
ing smartphone adoption. Implications of AV technolo-
gies, both individually owned or fleet operated, for the 
elderly and people with disabilities are unclear. Early 
thinking suggests that fleet-operated AV service mod-
els could enhance equitable access to mobility services.  

Distribution of, and Investment in, Bike Share Stations: 

The Minneapolis/St. Paul Nice Ride bike-sharing program, 

in 2015, had a system of 190 stations, with 30 percent of the 

Topics in Distributed and Localized
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cities’ population and 71 percent of the cities’ jobs located 

within a quarter-mile service area surrounding the stations. 

The study assessed station accessibility (by income , race, 

and gender) between 2010 and 2015 as the system ex-

panded. Station-location strategies implemented in 2012 

that focused on densifying station accessibility in job-rich 

areas contributed to inequities in station distribution  across 

the broader service area (Wang & Lindsey, 2017). Station 

accessibility is positively correlated with frequency-of-use 

by bike share members. These effects (i.e., increased fre-

quency of use) are larger in the areas with more bike infra-

structure, higher population density, and a higher percent-

age of recreational, retail, or industrial land use (Wang and 

Lindsey 2018a). After controlling for station accessibility, 

bike infrastructure, and other correlates of bike demand, 

bike share members living in disadvantaged neighbor-

hoods tend to have higher frequency-of-use, take longer 

trips, and use more stations to satisfy their daily needs. The 

results demonstrate the importance of bike share programs 

in satisfying the travel needs of members living in disadvan-

taged neighborhoods (Wang & Lindsey 2018b).

KEY RESEARCH TAKEAWAY 2: Investment decisions fo-
cused on increasing ridership overall can sometimes be 
at odds with investments focused on meeting the mo-
bility needs of disadvantaged populations. Both goals 
must be considered and balanced in designing a sus-
tainable and equitable bike share system. 

Travel Mode and Subjective Wellbeing: With the use of 

a smartphone-based survey called Daynamica, SHC re-

searchers have been able to collect wellbeing predictors 

(e.g. happiness, meaningfulness, exhaustion, stress, sad-

ness, and pain) and correlate them to daily activities and 

travel behavior. This tool has led to a deeper understanding 

of how transportation and daily activities affect wellbeing. 

For example, with Daynamica, SHC researchers were able 

to identify biking and walking as the “happiest” modes of 

transportation and taking the bus as the least happy mode 

of transportation (Fan, 2017).

Neighborhood Design and Life Satisfaction: Urban and 

suburban neighborhoods vary across design and built en-

vironment factors. An outstanding question is how land 

use and transit, two components of neighborhood design, 

affect life satisfaction and considerations of subjective 

wellbeing. Population density, land use mix, the density of 

cul-de-sacs, and the presence of open space are all neigh-

borhood design variables that can impact residential satis-

faction and life satisfaction through individual perceptions 

(Cao, 2016).

KEY RESEARCH TAKEAWAY 3: The subjective wellbeing 
(SWB) of residents--which spans diverse concepts like 
happiness, cognitive wellbeing and life satisfaction--is 
one of many sustainability outcomes that transporta-
tion and land use policymakers can take into account. 
SWB is affected by multiple infrastructure-related fac-
tors and at multiple time scales, both “in the moment” 
and over longer periods of time. The science of measur-
ing infrastructure-SWB relationships is still evolving. 

KEY SCIENCE-POLICY 
DISCUSSION POINTS
There are critical trade offs in the ways that AVs and 
electric vehicles (EVs) will impact sustainability consid-
erations. AVs may increase mobility as well as total vehi-

cle-miles traveled, even if those added miles are ultimately 

more efficient and safer, on a per-mile basis. There are 10 

percent efficiencies to be gained just by smoothing the 

load on engines that AVs can deliver relative to human driv-

ers. EV technologies can promise reduced tailpipe emis-

sions—a critical factor affecting air pollution in cities—but, 

unless the underlying electricity gird is supplied with re-

newable energy, carbon emissions will be displaced (to the 

point of power generation) without necessarily being re-

duced. The full life-cycle environmental impacts of electric 

vehicle battery production and disposal are also a concern. 

The impact of AV technology on livelihoods will vary as 
onboard tasks evolve. For example, truck driving as an oc-

cupation is not going away, even in a future autonomous 

trucks. Commercial trucks are large and expensive pieces 

of equipment, often carrying valuable cargo, and will still 

require physical accompaniment by attendants. However, 

onboard tasks for a “driver” could evolve with employees 

serving as vehicle attendants doing other work en route.

The widespread deployment of shared AV technolo-
gy has implications for how we understand public and 
mass transit systems. Publicly provided mobility solutions 

may look significantly different from the various typologies 

of rail and bus lines that characterize transit today. 

The legal implications of a shift to AV technology are rel-
atively straightforward. Litigation of automobile crashes 

will transition from a personal liability framework to a prod-

uct liability framework under both private AV ownership 

conditions and fleet ownership conditions. 
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Fleet owners are the actors best positioned to generate 
economic returns through a shared AV business mod-
els. Current AV technology is still prohibitively expensive 

for most individuals. Management at the fleet level is where 

sufficient efficiencies can be generated to return economic 

profits early on.

Vehicle type and style for general-purpose travel will 
likely converge and become increasingly homoge-
neous in a shared AV future. At the same time, there will 

be increased specialization of vehicle types for populations 

with special needs or unique mobility situations.

Fragmented jurisdictions pose a challenge for greater 
investment in sustainable transit and mobility options. 
There is a challenge in getting city political leaders, espe-

cially at the council or district level, to consider what is best 

for the city overall, not simply what is best for a given neigh-

borhood or jurisdiction that they happen to represent. 

The physical separation of bike lanes from motorized 
vehicle traffic is critical for convincing hesitant riders to 
make the shift to biking as primary mode of transport. 
Physical separation can be facilitated most readily by the in-

stallation of a curb. Separated lane markings, street trees and 

other non-permanent boundaries represent a less robust form 

of protection for cyclists. 

FUTURE POLICY AND 
PRACTICE  CONSIDERATIONS
Expanding AV and EV technology will have revenue im-
plications for state and local governments. AV technol-

ogy can be programmed so that vehicles do not speed or 

commit traffic infractions, resulting in lost ticketing revenue 

for local governments. Gas taxes are a key financing mech-

anism for transportation infrastructures. Gas tax revenues 

will decrease as EV technology displaces fuel combustion 

engines. Shifts to a road-use tax or increased tolling are 

relevant alternative revenue streams in a future with wide-

spread AV and EV use. 

AV futures can unlock road space currently dedicated to 
parking. Under a fleet operated shared AV scenario, AV fu-

tures will likely mean less need for parking because AVs will 

be in regular motion during an approximately eight hour 

shift, on to pick up the next rider, needing roughly only one 

shared vehicle to do the job of eight private vehicles. Policy 

makers should consider what they will do with extra road 

space previously dedicated to parking (e.g. repurposing for  

bike or shared AV lane, extended sidewalks, etc.).  

The widespread use of AV will have implications for ur-
banization patterns and urban lifestyle preferences. AV 

technologies could encourage more sprawl as commuting 
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long distances becomes easier due to decreased driver 

responsibility. AV technologies could also promote densifi-

cation as parking and the challenges of owning a personal 

vehicle in a dense urban context would be less of a con-

sideration for why someone might choose not to live in the 

city.  Urban land use planning and travel policies are there-

fore critical to sustainable AV deployment, however we do 

not yet know what form such planning and policies should 

take.

The role that social cohesion plays in the successful out-
come of bike and car sharing programs is unclear. For 

example, installation of bike share stations and bike lanes 

is in some cases seen as a trigger for fears of impending 

gentrification in a given area of a city. 

AV technology presents an opportunity for reshaping 
the way para-transit mobility options are made avail-
able to seniors and other vulnerable populations. There 

are experiments and pilots underway considering the role 

that drivers retrained as para-transit caregiving attendants 

can play in a future AV landscape. 

REFERENCES
Cao, J. (2016). “How does neighborhood design affect life 

satisfaction? Evidence from Twin Cities.” Travel Behavior 

and Society, 5(2016), 68-76.

Douma, F., Andersen, K., and Lari, A.. (2017). “The Legal 

Obligations, Obstacles, and Opportunities for Automated 

and Connected Vehicles to Improve Mobility and Access 

for People Unable to Drive,” Michigan State Law Review 

2017(1): 75-96. 

Fan, Y. & J. Wolfson. (2017). “Measuring Wellbeing: Smart-

phone-based Approach.” Annual Conference on Distribut-

ed Infrastructure Solutions for Sustainable Healthy Cities, 

28-29 August 2017, Humphrey School of Public Affairs, 

Minneapolis, MN.

Quarles, N. & K. Kockelman. (2018a). “America’s Fleet Evo-

lution in an Automated Future.” Under review for publica-

tion in Transportation Research Part D.

Quarles, N. & K. Kockelman. (2018b). “Americans’ Plans for 

Acquiring & Using Electric, Shared & Self-Driving Vehicles.“ 

Under review for publication in Transportation Research Re-

cord. 

Wang J & G. Lindsey (2018a). “Do New Bike Share Stations 

Increase Member Use: A Quasi-Experimental Study.” Under 

review for publication in Transportation Research Part A: 

Policy and Practice. 

Wang J & G. Lindsey (2018b). “The Effects of Neighbor-

hood Disadvantage on Temporal and Spatial Patterns of 

Bike Share Use.” Submitted for review to Transportation Re-

search Board Annual Meeting 2018. 

17

Credit: GraphicStock



18

EMERGING
SCIENCE FINDINGS
Sustainable Healthy Cities Network researchers are working 

to understand how green infrastructure (including trees, 

greenery, urban farms etc.) and urban food systems affect 

local, as well as regional, sustainability outcomes. The panel 

session began with research presentations featuring emerg-

ing or recently published work. External researchers and 

city government discussants then reacted to the slate of re-

search presentations. 

Green Infrastructure (GI) and Ecosystem Service Ty-
pologies: An ecosystem service framework is one way of 

representing diverse benefits of urban GI including food 

production, heat  mitigation, stormwater management, rec-

reation or cultural amenities etc. Fine scale data and mod-

els are not widely available yet to inform the local benefits 

of small and large scale GI interventions. A study in New 

York City found that experts perceive different GI types to 

return different benefits. Large vegetated land (parks, wet-

lands, community gardens) are perceived to provide the 

most services. Non-vegetated stormwater green infrastruc-

ture and vacant land are perceived to provide the fewest 

services (Culligan et al., 2017). 

Strategic Siting for Green Infrastructure: Spatial analysis 

can identify hot spots where GI is needed most to advance 

policy or outcome priorities (i.e. stormwater abatement, re-

duced air pollution, increased access to parks etc.). There 

are opportunities to identify sites based on synergies where 

a GI site is well located to advance multiple outcome pri-

orities at once. Trade offs can also occur where a specific 

site is well positioned to advance one outcome priority but 

not another. In Detroit, synergies emerged around manag-

ing storm water, reducing urban heat island effect, and im-

proving air quality, meaning siting to advance one of these 

priorities often advanced all of them. There were trade offs 

when prioritizing to maximize green space connectivity. 

Current siting of GI in Detroit does not necessarily align 

with where GI siting would advance the outcomes expert 

stakeholders said were the most important to them (Mee-

row & Newell, 2017). 

Understanding Street-level Flood Risk: Accurate predic-

tion and mapping of flood inundation extent at the street 

level is possible with integrated modeling tools that also 

use earth observations. Modeling is premised on a pre-de-

fined stream network, weather input data, SWAT and ICPR  

hydrologic models for the stream network, model calibra-

Topics in Distributed and Localized Green
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tion, and geospatial data inputs, which together result in a 

flood inundation map, showing where a city will experience 

flooding, to what degree, and under what circumstances. 

It is an open question whether street-level flood prediction 

mapping across a city is sufficient for understanding, man-

aging and communicating flood risk to specific at-risk areas 

as well as to the city at large (Merwade et al., 2017).

KEY RESEARCH TAKEAWAY 1: Not all GI (trees, greenery 
urban farms etc.) provide the same benefits, and not all 
areas of a city need or will benefit from all GI types in the 
same way. There are not yet sufficient fine scale data or 
models to quantify benefits from small-scale GI inter-
ventions. Strategic consideration of which GI type will 
provide the services most needed in specific parts of a 
city is needed to fully leverage GI as a strategy to return 
sustainability and resilience benefits. 

Diverse Food System Actions Impacting Environment, 
Health and Equity: Systems based methods have been 

developed to assess multiple environmental impacts on 

water, land, energy, and greenhouse gas emissions, within 

city boundaries and overall, arising from a portfolio of ur-

ban food system actions being considered in many US and 

global cities. These actions include conventional urban 

agriculture, new vertical farming technologies, diet shifts, 

food waste management and food equity plans that pro-

vide basic nutrition to underserved populations. The meth-

ods are being applied to diverse cities including New York 

City, Minneapolis-St. Paul, and Delhi, India. Study results 

found that city-level food actions can provide environmen-

tal benefits of the same magnitude as actions taken in con-

ventional farming/distribution sectors, quantifying the im-

portant role that cities have in shaping global food system 

outcomes. Among urban food actions, diet change and 

food waste management provided substantially more sys-

tem-wide environmental benefits compared to urban agri-

culture. In cities like Delhi, conventional urban agriculture 

can further stress an already water-stressed environment 

and vertical farming technologies showed little impact be-

cause, at present, they only apply to fruits and vegetables, 

while major system impacts are generated by grain cultiva-

tion (Boyer & Ramaswami, 2017). 

Exploring Inequalities and Motivations for Alternative 
Local Food Provisioning: Preliminary results from a study 

in Minneapolis-St. Paul indicate that the spatial frequency 

of backyard vegetable gardens and community gardens is 

correlated with neighborhood income, density and the per-

cent of renters. These data were used to estimate the total 

contribution of in-boundary backyard and community gar-

dening relative to a city’s overall food demand. The contri-

bution of backyard and community gardening to local food 

self-sufficiency is found to be relatively small, raising the 

question of what benefits are achievable through increas-

ing urban agriculture and for whom (Ambrose, Boyer, Kosse, 

& Nixon, 2017). SHC researchers are surveying broad moti-

vations for attending farmers markets, participating in com-

munity supported agriculture (CSA) programs, and engag-

ing in backyard and community gardening. Understanding 

these motivations will help identify incentives and levers for 

various food action (Ambrose & Ramaswami, 2017). 

KEY RESEARCH TAKEAWAY 2: Among urban food ac-
tions, diet change and food waste management can 
provide more system-wide environmental benefits com-
pared to urban agriculture. The local spatial distribution 
of benefits from urban agriculture should be clarified to 
better inform the goals of food action planning. Under-
standing motivations of why individuals engage in alter-
native food production and consumption practices will 
help inform the implementation of food action plans.

KEY SCIENCE-POLICY 
DISCUSSION POINTS
Among green infrastructure interventions there is a dis-
tinction between ecologically designed systems (nat-
ural and self-organized) and imposed or engineered 
green infrastructure solutions. Preservation or restoration 

of a particular natural asset that provides ecosystem ser-

vices (e.g.  preserved wetlands, restored waterways) is sep-

arate and distinct from green infrastructure interventions 

that are actively constructed and deployed as engineered 

infrastructure interventions (e.g. bioswales, green roofs).

It is possible to frame conversations about “green infra-
structure” and “urban agriculture” with residents and 
the general public in non-technical terms. For example, 

it is possible to talk about green infrastructure interventions 

and outcomes emphasizing language about parks and 

common points of reference that will be familiar to neigh-

borhood residents, even if that same framing emphasizes 

less obvious outcomes and benefits beyond simple recre-

ation. Similarly, it is possible to reach larger audiences on 

the topics they care about by talking simply about “food” 

without relying on terms like “urban agriculture.”
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Maintenance and stewardship strategies for green in-
frastructure in cities may give rise to equity concerns. 
Cities might decide to install green infrastructure in places 

where there are existing social entities—for instance a busi-

ness improvement district—to help ensure stewardship. 

Cities are piloting projects to understand the level of re-

sources required of the city to directly maintain green infra-

structure installations without relying on community-social 

infrastructure. This has implications for how to best channel 

new green infrastructure facilities to areas without existing 

community-social infrastructure to provide maintenance 

for those installations.

Accurately understanding the public perception of 
green infrastructure co-benefits is important. People 

are motivated to care about a variety of issues, which may 

not overlap with what experts understand as critical sus-

tainability inflection points. Researchers and policy-makers 

should be prepared to make connections between green 

infrastructure policy and what the general public cares 

about, which can vary widely.

It is difficult to encourage thinking of green infrastruc-
ture as an interconnected system in the way that ener-
gy and transportation are thought of as inter-related. 
The current tendency is to consider green infrastructure 

facilities in isolation. There are opportunities for synergies 

across domains of urban management to share indicators 

that might inform the siting of green infrastructure. For in-

stance, public health indicators could be more directly inte-

grated into green infrastructure siting. 

Creating a sustainable food system will require recon-
sidering and accommodating multiple understandings 
of “local.”  There are rural communities well beyond a city’s 

boundary that may not be captured by traditional under-

standings of “local” but which nonetheless can be power-

ful partners in helping cities meet their food needs sustain-

ably and with reduced supply chain risk exposure even if 

they may fall outside of a certain distance threshold of what 

otherwise might be considered local.

As a sustainability policy-prescription, it is potentially 
unrealistic to communicate  that everyone should “eat 
locally.” It is often not a realistic possibility for many res-

idents within cities. Transformation of food systems will 

need to emphasize interventions and actions at multiple 

levels, particularly at the systems level, and not simply at 

the level of individual choice.   

It is important to think about where, and from whom, 
data on green infrastructure and food systems are be-
ing gathered. There are pockets of population that are 

more educated, more knowledgeable, or just care more 

about a particular topic and thus are overrepresented in 
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current outreach and research efforts. Alternatively, there is 

a concern about certain segments of the population that 

are fatigued from “being data-mined.” 

Full self-sufficiency of local food systems may not be an 
advisable goal for cities. Instead, the better option may be 

to adopt a value proposition about achieving a certain lev-

el of self-sufficiency. This requires evaluating what level of 

self-sufficiency a city considers desirable as a sustainability 

policy goal and then considering how to reach that goal. 

Urban food systems interventions could be thought of 
as infrastructure that can be actively built into neighbor-
hoods. It is currently not always the case, but urban foods 

systems planning could be understood as a core function 

of cities in the same way that a parks department is under-

stood as a core function. 

FUTURE POLICY AND 
PRACTICE  CONSIDERATIONS 
Understanding how green infrastructure interacts with 
more traditional grey infrastructure is critical in urban 
environments. This interaction framing is in contrast to 

considering green infrastructure performance as discon-

nected from its impacts on, or interactions with, grey infra-

structure. A key concern for cities is that their existing grey 

infrastructure systems may become overwhelmed or fail 

under periods of high stress. It is helpful to think about how 

green infrastructure can help mitigate the threat of system 

failure by diverting or reducing stress on grey infrastructure 

systems.

There are trade offs to account for when considering 
how best to utilize land in an urban core for pervious 
cover protection or urban agriculture. Dense urban de-

velopment patterns that reduce pervious land cover in their 

immediate zones of development can return sustainability 

benefits in other ways, potentially by mitigating outward 

sprawl and encouraging transit friendly communities. Re-

strictions on high density development to protect pervious 

land cover or promote urban food production may encour-

age increased sprawl. 

Some assumed benefits of green infrastructure are sup-
ported by quantifiable models, others are not. Bridging 

the gap to be able to quantify the impact of a wider swathe 

of green infrastructure interventions and the benfits they 

provide will help decision makers more comprehensively 

evaluate trade offs.  
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EMERGING
SCIENCE FINDINGS
Sustainable Healthy Cities Network researchers are work-

ing to understand the potential role of new technologies 

in facilitating onsite wastewater treatment processes. The 

panel session began with research presentations featuring 

emerging or recently published work. External researchers 

and city government discussants then reacted to the slate of 

research presentations. 

Versatile Reactor Based on Cow Stomach for Transform-
ing Urban Organic Wastes into Platform Chemicals: As a 

waste treatment technology, anaerobic digestion (AD) is an 

ideal option to locally convert urban organics wastes into 

bio-power or chemical products. However, overall organic 

waste streams contain different fractions of difficult-to-treat  

materials like fruits, vegetables, yard and paper waste all of 

which contain a high concentration of lignocellulosic ma-

terials, which degrade slowly under anaerobic conditions. 

However, the microbial community present in the stomach 

of cows (rumen) efficiently degrades grass, a lignocellulos-

ic substrate, under anaerobic conditions. SHC researchers 

are testing a new anaerobic membrane bioreactor that 

mimics the rumen, because of its ability to degrade ligno-

cellulosic materials, to enhance hydrolysis and produce 

high concentration of valuable platform chemicals from 

difficult-to-treat urban organic waste  (Shrestha et al., 2017).

Sourcing Ethanol for Production of Platform Chemicals  
from Brewery Waste:  Ethanol and other organics present 

in organic waste can be converted to medium chain carbox-

ylic acids which can further be transformed into the chem-

ical base for useful (and commercially valuable) products 

like antimicrobials, lubricants, biofuels and fragrances. SHC 

researchers are studying the use of sustainable sources of 

ethanol, like brewery waste, as one source material for pro-

ducing these types of platform chemicals. If successful, the 

solution would represent a form of cross-sector waste and 

material exchange to increase resource efficiency (Shres-

tha et al., 2017).

KEY RESEARCH TAKEAWAY 1: Lab-scale research is 
incubating new  technology for waste-to-value recov-
ery from difficult-to-treat urban organic wastes, such 
as food waste. 2) Value added products from waste in-
clude energy that can be used in circular economies 
within cities, as well as platform chemicals used in com-
mon products, such as lubricants. 

Cross Sector Distributed infrastructure for Waste and 
Wastewater Infrastructure in Cities: Developing world 

cities deal with multiple infrastructure deficits including 

open wastewater drainage, pollution from using dirty cook-

Topics in Distributed and Localized Water 
and Wastewater Infrastructure   

Credit: Wikimedia Commons, Visualvirtuoso



ing fuels, and burning garbage, including food waste.  New 

community scale technologies for combined food waste 

and wastewater treatment can provide clean cooking fuels 

in underserved communities, solving three major infrastruc-

ture problems: wastewater treatment, solid waste treatment 

and indoor air pollution due to dirty fuel use (Ramaswami et 

al., 2017). Similar energy recovery from wastewater also has 

potential uses in developed world cities--including the Min-

neapolis-St. Paul region--where these strategies are being 

considered in next generation district energy systems that 

use heat from industry waste and sewage. 

KEY RESEARCH TAKEAWAY 2: Cross-sector distribut-
ed infrastructures at the intersection of food waste, 
wastewater, and energy systems has great potential to 
provide multiple sustainability benefits. Technology de-
velopment at this nexus can be applied beneficially in 
different ways in both developing and developed world 
cities. 

KEY SCIENCE-POLICY 
DISCUSSION POINTS
Onsite waste treatment has not been perfected yet.  On-

site municipal wastewater and sewage treatment facilities 

can require substantial upkeep and maintenance in order 

to avoid pathogen contamination concerns. This raises in-

frastructure stewardship and maintenance questions. What 

sort of maintenance requirements and standards  is it nec-

essary to have in place?

Waste-to-value conversion viability is affected by public 
perception concerns. The public may be hesitant to use a 

product that is a result of waste reuse. Branding and mone-

tization are critical components of getting any waste-to-val-

ue conversion model right. 

Dynamics of concentration and product separation 
are highly determinant variables of profitability when it 

comes to extracting waste from waste streams for conver-

sion to a valuable product. 

Competing department regulations and goals can limit 
cross-sector waste reuse. There are departmental and op-

erational barriers that limit the degree to which wastewater 

can be leveraged in cross-sector resource exchanges. For 

example, city public health departments may have a differ-

ent perspective on the acceptable uses of untreated grey 

wastewater than do city departments responsible for green 

infrastructure management. 

FUTURE POLICY AND 
PRACTICE  CONSIDERATIONS 
Historically, onsite waste treatment has not been con-
sidered for dense neighborhoods but may be an eco-
nomically and resource efficient option, especially in 
developing country contexts.  Planning tools for such 

contexts are needed that calculate and compare the cost, 

resource requirements and burden on the environment of 

onsite treatment facilities taking into account neighbor-

hood design, density, material requirements, waste trans-

portation needs, and byproduct reuse.

Spatial scenario planning models for distributed waste 
systems and waste exchanges are needed. Given com-

peting priorities for land use in high density situations, sce-

nario planning models that help consider the most effec-

tive use of land for GHG and energy reductions are valuable 

tools for cities. 

Financing wastewater reuse is complicated and a po-
tential area for additional research. Mechanisms for fi-

nancing waste recovery interventions in the waste stream 

are different from energy financing mechanisms or other 

infrastructure sector financing. It is necessary to better un-

derstand the available business models for localized waste 

treatment, considering when it makes sense for households 

to finance localized waste treatment efforts.

Food waste integration with wastewater treatment 
should be explored further. Food waste is a large source 

of GHG emissions for cities due to the embodied energy in 

the food supply. Food waste prevention and recovery can 

serve as one of the most impactful leverage points for a city 

trying to reduce its greenhouse emissions (see Boyer and 

Ramaswami, 2017 on page 19).
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This final section presents overarching considerations and 

policy implications for managing transitions to distributed 

and localized infrastructure systems in cities. The cross-cut-

ting discussions that emerged from the workshop focused 

on three aspects of managing such transitions: 1) key con-

siderations for local government operations, drawing on 

the perspective of individual cities, 2) key considerations 

from the perspective of multi-city organizations inform-

ing the development of indicators, capacity building, and 

knowledge platforms, and 3) effective ways for  urban sus-

tainability researchers to engage with practice and policy 

audiences at multiple levels.  

URBAN MANAGEMENT 
AND IMPLEMENTATION
CONSIDERATIONS 
As infrastructure services are localized (brought physically 

into the boundary of the city) and/or decentralized (increas-

ingly spatially dispersed throughout a city) there are urban 

management implications for city administrations. The fol-

lowing discussion provides a high-level survey of some of 

the urban management and implementation concerns that 

were highlighted by workshop participants. 

Changing Service Domains

A transition toward localization can imply that a city is as-

suming new responsibility for overseeing, managing, fi-

nancing, or regulating an infrastructure service that was 

previously the responsibility of another entity, inside or 

outside the city. For example, a city that assumes new re-

sponsibility for food policy planning and urban agricultur-

al production will be entering a new service domain if this 

was not previously an area of policy making and operations 

for them. This has practical organizational and resource al-

location implications for a city administration. For example, 

it may require recruiting additional staff in order to acquire 

new in-house technical expertise. It may similarly require 

altering the landscape of mandates and responsibilities 

across a city’s current departmental make up. 

Whether a particular service domain has been a long-

standing part of a given city’s management portfolio will of 

Charting the Path Forward: Managing Transitions to 

Distributed and  Localized Infrastructure in Cities

Credit: Wikimedia Commons, Knight Foundation



course be context dependent. Cities that operate municipal 

power utilities are no stranger to energy as a municipal ser-

vice domain. Other cities that are just beginning to engage 

with policies pertaining to direct renewable generation  

within city boundaries, behavior change campaigns, and 

district energy systems, just to name a few, may be operat-

ing in less familiar territory. 

Operational Impact

The decentralization of infrastructure facilities under the 

purview of an existing city service domain may have prac-

tical implications for how a city manages operations within 

that service domain. Reorienting from a centralized system 

to a decentralized system can change how a system is op-

erated, as it can involve a transition to more, but smaller 

sites. For example, distributed wastewater treatment facili-

ties that provide on-site treatment for an individual building 

or cluster of buildings will operate differently than a central-

ized wastewater treatment facility for a city as a whole. The 

implications of system failure for a small system are differ-

ent from those of a large system. The viable or applicable 

uses of treated waste and wastewater from a small system 

may be different from those of a centralized system. The 

degree of property owner involvement and engagement in 

the monitoring and maintenance of a smaller system will be 

different from that of a centralized system. 

Stewardship and Community                   
Engagement  

The increased stewardship and community engagement 

needs of decentralized infrastructures (more but smaller 

sites) are particularly important for cities. The prospect of 

having many more publicly owned sites to manage, wheth-

er they are green infrastructure sites or facilities relevant to 

another sector, means that the workforce needs of a city 

department could increase as they need more workers 

to manage more sites, or alternatively, the skills needed 

by that labor force could change as the activities they are 

expected to carry out change. An city-wide infrastructure 

strategy that relies on many small sites may involve in-

creased direct participation and collaboration with private 

property owners who may directly host and manage such 

sites (e.g. green infrastructure installations on private devel-

opment). There are opportunities to consider the viability 

of community or citizen-led stewardship efforts as a strat-

egy for reducing the direct maintenance and stewardship 

responsibilities of city staff. 

Citizen-led stewardship efforts raise practical questions. 

For instance, what sort of burden would be placed on com-

munities or individual stewards, and what responsibilities 

would still remain with the city? Will communities and/or 

individual residents be receptive to calls that they actively 

support the maintenance and stewardship of certain infra-

structure sites? Will diverse communities across a city re-

spond to that call in the same way? Which types of facilities 

and sites are appropriate for community stewardship and 

which require more specialized or professional oversight?  

What sort of training and coordination support would cit-

izen stewards need in order to properly maintain a given 

site or facility? Who is responsible in the event of a failure to 

maintain a given site or facility? 

Increased need for community engagement can also arise 

as a result of decentralized infrastructures given that facili-

ties and sites may simply be closer and more present in the 

lives of residents, even if those residents are not directly 

responsible for stewardship or maintenance. Rather than a 

centralized facility affecting only the residents of the area of 

the city in which that facility is located, a decentralized sys-

tem might rely on many more sites that would in turn affect 

many areas of the city. Given the common prevalence of 

not-in-my-back-yard (NIMBY) sentiments in neighborhood 

change and development processes in cities and commu-

nities of all types, city administrations could potentially face 

at least initial resistance to any expanded infrastructure 

footprint in a neighborhood or area that is not accustomed 

to the presence of such infrastructures. 

Equity Implications

The notion of spatially reconfiguring key infrastructures 

has potential equity implications. As facilities decentralize, 

there is a potential opportunity to lessen the concentrated 

burden of infrastructure sites in a particular community. In-

frastructure “burdens” in effect could potentially be diluted 

and spread more evenly across the city as a whole rather 

than being concentrated in one area of the city. 

For infrastructure sites in which community or citizen stew-

ardship may be a viable option, there are equity implica-

tions to consider when thinking about neighborhood ca-

pacity for stewardship as a prerequisite for infrastructure 

installation. Some cities have found success in asking 

business improvement districts to care for and steward 

new green infrastructure installations. However, if the pres-

ence of an active business improvement district is seen as 

a prerequisite for a particular area of a city to receive green 
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infrastructure investments, this type of dynamic could com-

pound disinvestment in areas of the city without a business 

improvement district.

Decentralized infrastructure also has the potential to raise 

equity concerns when considering the idea of neighbor-

hood-based services. If infrastructure provisioning in a giv-

en sector moves away from a centralized system, in which 

all residents are served by the same system, does this give 

rise to concerns of disinvestment and poor service perfor-

mance in marginalized or impoverished areas of a city? 

Neighborhood disparities already exist in many cities when 

it comes to place-based infrastructures like schools, roads, 

food access, green space etc. It is an open question wheth-

er the decentralization of currently highly centralized infra-

structure systems like electricity and water supply would 

lead to similar spatial disparities.  

MULTI-CITY 
ORGANIZATION VIEWPOINT
To gain a more aggregated local government and prac-

titioner view on topics of distributed and localized infra-

structure, the workshop began with a plenary conversation 

among representatives from ICLEI USA, the International 

City/County Management Association, and Star Communi-

ties. The conversation highlighted infrastructure trends and 

policy constraints, offering a high-level view informed by 

their collective work with hundreds of local governments 

across the US. The panel was anchored in the following key 

discussion questions:

1) What does the view from cites look like regarding dis-

tributed infrastructure as a tool for advancing sustainability 

goals?

2) How does the trend of more distributed infrastructure in-

teract with larger trends in urban sustainability action and 

policy?

3) What would a future with more distributed infrastructure 

mean for city data collection and bench marking efforts?  

The discussion generated by these questions centered 
around messaging, data and indicators. High-level take-
aways from the plenary discussion are represented below: 

Supplementing, Not Replacing

The role of distributed infrastructure depends on the ob-

jective of each city deploying distributed infrastructure. 

In most cases, it is often important to frame conversations 

about distributed infrastructure as supplementing rather 

than replacing traditional centralized or existing infrastruc-

ture systems. 

Credit: Wikimedia Commons



Tangible, Locally Felt Co-benefits

There is concern about looking for ways to keep topics re-

lated to distributed and localized infrastructure from being 

politicized. One strategy is to keep the topic of conversation 

on tangible, locally-felt co-benefits. Community choice, 

resource efficiency, and local resilience are all important 

frames for considering and building support for sustainabil-

ity action including distributed infrastructure. In particular, 

health implications of distributed infrastructure can repre-

sent a more tangible point of connection for local leaders 

than considerations of global climate change. Program rec-

ommendations could emphasize co-benefits that are tangi-

ble and local (health vs. climate change) and that resonate 

with broad audiences.  

Data Driven Decision Making

Cities are overwhelmed by the task of looking at finer scale 

data. There is often a tension between collecting frequent 

or fine scale data such that only one or the other is collect-

ed. Cities are confronting challenges in accessing and an-

alyzing data which can be used to make more informed 

decisions. Using data for distributed infrastructure decision 

making requires linking city staff to direct research prod-

ucts and subsequently translating those products into pol-

icy relevant action. This process of linking and translating 

can help narrow any gap that might exist between practi-

tioner and the researcher perception. 

Citizen Science for Urban Data

Citizen science efforts, which involve residents in the direct 

collection of data via crowd-sourcing platforms and other 

tools, have not played a significant role in city data collec-

tion efforts to date. Increased direct interaction with com-

munity members on data collection efforts could improve 

the descriptive quality and legitimacy of the data collected. 

While such methods show promise, they also raise ques-

tions about population representativeness.

Working Toward a City Dashboard

Developing a citywide dashboard that represents data from 

the full suite of desired outcomes across sectors and oper-

ational areas within a city can help build understanding of 

how decisions in one sector or operational area affect an-

other. Cross-sector considerations of trade offs and syner-

gies is an important part of helping a city develop a com-

prehensive view of sustainability action, including those 

actions related to localized and distributed infrastructure. 

These discussion takeaways highlight the need for more 
robust data, science, and research to inform, at fine scales, 
the processes of evaluating anticipated benefits and trade 
offs from specific localized and distributed infrastructure 
actions that cities might take. 

SCIENCE-TO-POLICY 
COMMUNICATION NEEDS
Connecting scientific research on urban infrastructure and 

service provision to actionable information for practitioners 

and policy-makers is and will continue to be critical for 

achieving urban sustainability outcomes. Science-to-prac-

titioner and science-to-policy communication requires ac-

tive translation on the part of research communities. 

Speaking to Different Practitioner Roles

A key reality that researchers should have in mind when 

undertaking science-to-practitioner translation is that there 

are a wide variety of practitioner constituencies within in-

dividual city administrations. The “practitioner” view is not 

a uniform one and will look quite different depending on 

where one sits within a city administration. 

Various parts of a city administration are going to have dif-

ferent urban management responsibilities. City staff that 

are responsible for economic development may have a 

different perspective from staff responsible for technical 

system management and operation, which may have a dif-

ferent perspective from staff responsible for neighborhood 

and community engagement, etc. 

When communicating the relevance of scientific findings 

to practitioners, it is important to try to speak to as many of 

these practitioner views and perspectives as possible, how-

ever, not necessarily at once. Diluting a research message 

so that it is as broadly applicable as possible will likely be 

less effective than taking the time to distill and target the 

relevant findings of a report for multiple specific subsets 

of the policy and practitioner audience. Notably, this sec-

ond approach of distilling and targeting research commu-

nication for multiple audiences is more time intensive than 
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the generalization approach. At the very least, researchers 

should be clear about the practitioner roles and perspec-

tives that specific research communication efforts are tak-

ing into account, which includes being clear about which 

roles and perspectives are not being taken into account. 

Sustainability Office Capacity and 
Structure

Just as there are differences within the various roles of a 

city administration, science-to-practitioner communication 

efforts also need to account for differences across city ad-

ministrations, specifically considering staff capacity and 

resources for sustainability functions. Many large cities 

may have in-house specialist expertise on a wide variety 

of sustainability topics. However, smaller cities may have 

only a single, or small team of, staff generalists responsible 

for overseeing a wide range of sustainability services and 

programming. This difference in the size and specific exper-

tise that makes up a city’s in-house sustainability practice 

will inform the level and degree to which they are likely to 

engage with specialized findings from the latest academic 

research.

Regardless of city size, cities may also differ in how sus-

tainability functions are incorporated into their operations 

and administrative structures. Some cities have chief sus-

tainability or resilience officer roles that sit within a mayor’s 

cabinet. Others house sustainability functions within an 

environmental protection division, or expect all city depart-

ments to individually incorporate relevant sustainability 

functions within their work. 

This diversity in both sustainability office capacity and con-

figuration presents both a challenge and opportunity for 

science-to-practitioner communications. On the one hand, 

it means that researchers will need to spend time appro-

priately targeting and calibrating their research translation 

efforts. On the other, it means that there may be multiple 

potential points of entry within a single administration. For 

example, the path to a chief sustainability officer is likely dif-

ferent from the path to a director of public works or any oth-

er departmental head. However, each will offer their own 

advantages and disadvantages from the perspective of try-

ing to have a practical impact on city sustainability policy 

or operations.  

Balancing Generalizable and Custom 
Findings

Infrastructure and sustainability researchers engaged in 

science-to-practitioner communications efforts should be 

cognizant of both knowledge generalizability and custom-

ization. Generalized knowledge that can drive a discussion 

of best practices in a field or sector as a whole is valuable 

Credit: Sustainable Healthy Cities Network
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for cities, but so too are findings that can be readily adapted 

and customized for local context. 

City practitioners are often looking for “off the shelf” knowl-

edge products that can be used to inform policy decision 

making. Generalized knowledge about shifting under-

standings of best practice in a field can be a powerful tool, 

but explicit guidance from researchers on how to down-

scale, or make locally relevant the concrete impacts of gen-

eral knowledge to a particular city or community is also a   

powerful tool. Researchers should be thinking about ways 

to develop science-to-practitioner communications prod-

ucts that can support both types of strategies at both the 

general (field as a whole) and downscaled (community 

specific) levels. 

Local Co-benefits and Meeting People 
Where They Are

Researchers seeking to translate scientific findings for prac-

titioner and policy application should take into account the 

larger political environments in which they are communi-

cating those findings. 

In particular, city administrations are often looking for ways 

to de-politicize sustainability decision making. One key 

strategy for this is to reframe sustainability decision making 

around tangible local co-benefits. Scientific findings that 

help practitioners and policy makers make the case for sus-

tainability and infrastructure decision-making that connect 

to a range of local benefits, not exclusively to global carbon 

emissions benefits, can be particularly powerful. 

This approach is not meant to discount the importance of 

impacts on global carbon emissions. Rather, it stems from 

a pragmatic recognition on behalf of urban management 

practitioners and policy-makers of the need to “meet peo-

ple where they are” which often means connecting sus-

tainability decision-making to tangible local benefits that 

people see in their daily lives. This is particularly true when 

working with local government officials and policy makers, 

which have an explicit mandate to worry about concerns 

within their local jurisdiction. If science-to-policy commu-

nication is going to be relevant for local practitioners, it in-

creasingly needs to do the work of “meeting people where 

they are.” This includes taking into account locally relevant 

political constraints. 

A VIEW TOWARD 
FUTURE RESEARCH AND 
SCIENCE-POLICY 
ENGAGEMENT
The following key research questions remain ripe for ad-

ditional scientific inquiry and science-policy engagement. 

They speak to both questions of advancing science and 

strategies for connecting that science to arenas of sustain-

able infrastructure practice and policy-making. 

•How to quantify trade offs among sustainability outcomes 

for practitioner decision support? 

•How to quantify local co-benefits as a strategy for “meeting 

people where they are?”

•How to model interactions between and among infrastruc-

ture and sustainability outcomes to identify the “best” mix of 

infrastructure scale and localization? 

•How to design messaging that encourages people to 

change behavior? 

•What are the equity implications of different local and dis-

tributed infrastructure configurations?

•What business models exist for supporting localized and 

distributed infrastructure transition? 

•What governance and finance arrangements across juris-

dictions and scale most effectively support sustainable in-

frastructure transitions? 

Answering the questions raised by this dialogue will require 

new modes of collaboration within and across research, 

practice, and policy communities. The Sustainable Healthy 

Cities Network is committed to advancing the science of 

knowledge co-production and science-policy communi-

cation on the topic of sustainable urban infrastructure. The 

ongoing work of the network and its partners intends to 

build on this foundation of joint science-policy dialogue on  

emerging distributed and localized infrastructure in cities. 



30

sustainablehealthycities.org
@SRNCities

Front Cover Image Credit: GraphicStock


