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Green the Knowledge District 
  
Green the Knowledge District (GKD) is an initiative designed to promote 

sustainable development within an area including parts of downtown and the Jewelry 
District.  The project measures flows of energy, material, ideas, money, and information 
through buildings and across district boundaries, with the goal of promoting sustainable 
approaches to development.  Currently (Spring 2011), the group is identifying data sources 
and collecting data, with the intent of building a model to describe relationships between 
data streams, and organizing stakeholders to guide the process. Success in this project has 
the potential to turn the Knowledge District into a model for other areas in Providence, 
Rhode Island, and beyond.   
 The GKD initiative is a pilot project undertaken by Ocean State Consortium for 
Advanced Resources (OSCAR).  OSCAR is a partnership of public and private institutions, 
scholars, and entrepreneurs working toward a common goal of most effectively using 
Rhode Island’s resources to tackle some of the state’s biggest challenges. 

	  

The following report is designed to assess one factor that will impact sustainability – green 
space.  This provides an analysis of the current state of green space in the Knowledge 
District, comparing it to the greater Providence region, and identifying areas for potential 
improvement.  This will serve as a resource as the GKD project moves forward.	  

	  
Boundaries of the Knowledge District 
from www.providenceplanning.org 

Boundaries of the Jewelry District from 
www.jewerydistrict.org 

Figure	  1:	  area	  maps	  



WHY URBAN GREEN SPACE? 
 
 Nature and wellness have been linked throughout human history.  Landscape and 
gardens have served numerous important roles in different cultures – early Elizabethan 
gardens of the 1500s highlighted an owner’s power through control of the land and 
expressed allegiance to the queen.1 Ancient Japanese gardens served ceremonial purposes, 
and used symbolism to evoke particular historical and religious references.2 And more 
recently, the benefits of nature have been linked to human wellbeing.  Frederick Law 
Olmsted, famed designer of Central Park and Yosemite, viewed the inclusion of green space 
in urban environments as a means to promote civility, health, and democratic space, while 
providing a respite and “antidote to the ills of the city.”3  

Today, studies confirm that the instinct to include green space in urban areas may 
have a rational basis in practicality, with measureable benefits for inhabitants. Advantages of 
urban forests are plentiful, and include recreational opportunities and aesthetic 
improvements, as well as emotional and psychological benefits that enhance the quality of 
life for residents and visitors to the area.4   

 
PSYCHOLOGICAL BENEFITS 

A greater amount of green space in a neighborhood is associated with stress relief, 
increased feelings of social safety, as well as general improvements in health.5  It has been 
suggested that health effects are attributable to the tendency of residents to spend more time 
outdoors, subsequently increasing their levels of exercise.  Furthermore, exercise completed 
in a green space has even more healthful effects than outdoor exercise taking place in less 
visually pleasing spaces.6 

 
ECOLOGICAL BENEFITS 

Additionally, the ecological benefits of enhanced green space in cities are well 
documented.  ‘Green’ and ‘sustainable’ have become practically synonymous, but in the case 
of urban forestry, this connection is especially accurate.  Quantifiable gains include 
floodplain management, stream restoration, wetland protection,7 increased remediation of 
soil borne pesticides and herbicides, and moderation of air pollution.8  Green space is also 
known to help buffer the impact of the urban ‘heat island’ effect, a phenomenon where 
high-density cityscape areas lead to higher temperatures.  The temperature increase is 
attributable to typical features including material heat storage properties, reduction of 
evaporative surfaces, and the urban greenhouse effect, and the intensity of the effect is 
correlated with urban population and city structure.9 

There is an increasing awareness of the significance of green space in cities today as 
evidenced by the numerous computer programs, models, and tools that have emerged to 
measure quantifiable gains in this area.  For example, CITYgreen, a program by the 
American Forests Association, uses GIS technology to analyze economic benefits of tree and 
green space.  
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SPECIFIC FACTORS IN PROVIDENCE 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
The state of Rhode Island has historically provided guidance in how to keep and add 

more greenery.  A 1988 land use survey identified percentages of forested areas around 
Rhode Island and set goals to enhance canopy coverage by 2010, and then 2020.10  In 1999, 
the Rhode Island Statewide Planning Program issued the Rhode Island Urban and Community 
Forest Plan, establishing goals and recommendations for the management of tree resources, in 
order to “advance the effectiveness of local stewardship of the state’s tree resources towards 
the twin goals of a healthy, sustainable economy and environment.”11  A 1994 report entitled 
A Greener Path, published by the Division of Planning, Rhode Island Department of 
Administration, emphasized the importance of including more green space in the entire 
state.  It reports that this would benefit the state since it “offers sustenance, promotes public 
health, safety and welfare, strengthens the state’s economic vitality, and makes possible a 
quality of life desired by Rhode Islanders.”  The report goes on to recommend an integrated 
network of Greenways specifically as corridors of open space.12  Stated goals include that at 
least one third of Rhode Island’s land area become protected greenway by the year 2020.13 

More recently, funding has become available to protect vital assets.  The Natural 
Resources Conservation Service (NRCS) announced, in 2007, the availability of funding to 
support creative ideas in order to “conserve soil, water and energy resources or improve air 
quality, grazing land and forest health in Rhode Island.”14  A 2009 Stewardship program also 
allowed Rhode Islanders to apply for funds as part of a conservation program encouraging 
producers of agriculture and forestry to employ conservation strategies to improve and 
maintain resources.15 

In January 2011, Dave White, the USDA’s Natural Resources Conservation Service 
Chief, announced that $250,000 of federal funding was available through the New England-
New York Forestry Initiative, to support Rhode Island forest landowners with management 
and planning.  He cited the economic and ecological benefits of productive forest land as 
important reasons for the funding, expressing hope that the money would help private 
landowners to “keep forests as forests.”16 

Figure	  2:	  Satellite	  images	  by	  NASA	  depicting	  the	  Urban	  Heat	  Island	  Effect	  in	  Providence	  
	  



CURRENT DATA ON URBAN FOREST IN PROVIDENCE 
 
 
The 2008 State of Providence’s Urban Forest Report uses a Street Tree Inventory 

and STRATUM Benefits Analysis (now called i-Tree Streets) to assess the condition of the 
street trees, and analyze the effect on the city.  The report also uses satellite imaging data to 
assess the urban tree canopy by ward, to determine the distribution of tree resources 
throughout the city. 

My own analysis uses available tree data within the limits of the Knowledge District 
in order to provide a baseline upon which to improve in the process of developing the area 
and to address sustainability goals.   

	  

24,999 total trees 
 
Condition 
23.2% Excellent 
48.9% Good 
18.9% Fair 
7.3% Poor 
1.6% Dead 
	  
	  
	  
	  
	  

Species 
 

 95 different species represented  
(10 species account for about 75% of all 

trees) 
 
Norway maple 18.8% 
Callery pear 11.6% 
Green ash 8.6% 
Honeylocust 7.4% 
London planetree 7.0% 
Red maple 5.6% 
Zelkova 4.4% 
Flowering cherry 3.8% 
Littleleaf linden 3.8% 
Sugar maple 2.5% 
	  
	  
	  
	  
	  

	  
	  
	  

Findings	  from	  the	  State	  of	  Providence’s	  Urban	  Forest	  Report	  

Figure	  3:	  Urban	  Tree	  Canopy	  by	  Neighborhood	  



 

I-TREE ASSESSMENT 
 

 
 

	  

	  

The program i-Tree Streets was used to 
examine the population statistics and benefits of 
trees in the Knowledge District.  Information was 
taken from the Providence Forestry program 
Treekeeper, which catalogues every tree in the city 
according to the results of a volunteer street tree 
survey.  In i-Tree, specifying the climate zone 
studied allows the program to factor in differences 
in growing conditions, management practices, and 
soil, which can vary across regions.  Users also 
input specific tree data, which can be either a 
sample or a complete inventory, as was used in this 
assessment.  Input data covers tree species, 
diameter, crown size, health, planting location, 
interference with overhead utility lines, and pest 
issues.  Based on these factors, i-Tree produces 
estimations of the benefit of each tree in terms of 
energy conservation, air quality improvement, CO2 
reduction, and stormwater control. 

Economic analysis uses regional energy 
and water prices, usage data, stormwater costs, and 
regional property value and land-use distribution 
data.  i-Tree then calculates savings in energy, as 
well as property value increases, to determine the 
complete economic benefit of trees in a particular 
area. 
	  
	  

Figure	  5:	  Treekeeper	  image	  
magnified	  

Figure	  4:	  Treekeeper	  image	  of	  all	  of	  Providence’s	  
trees,	  yellow	  dots	  signify	  trees	  in	  the	  Knowledge	  
District	  



 
 
 
 

 
 

Knowledge District Statistics 
 

 In total, there are 551 street trees, 
including 31 dead trees. 
 

 22 different species are represented  
 

 Tree condition was reported to be 4% 
excellent, 67.3% good, 17.8% fair, 
5.6% poor, and 5.3% dead 

 
 66.7 % are 6 inches in diameter or 

less,  25 % are 7-12 inches, and 8.3 % 
are over 12 inches 

 
 98.7% are planted in sidewalk pits 

 
 $44,048 in total monetary benefits 

accrued annually 
	  

	  

	  

i-Tree Streets allows 
the user to export 
relevant graphic 
information 
representing urban 
forest.  Above, the pie 
chart shows the 
breakup of the top ten 
species of trees found 
in the Knowledge 
District.  The graph on 
the left shows the 
DBH (diameter at 
breast height) of the 
top ten species, which 
roughly corresponds 
with tree age. 

Figure	  6:	  Species	  Distribution	  Graph	  from	  i-Tree	  

Figure	  7:	  Age	  Distribution	  Graph	  by	  Species	  from	  i-Tree	  



	  

	  
Figure	  8:	  i-Tree	  Energy	  Benefit	  Assessment	  

Figure	  9:	  i-Tree	  Chart	  of	  Importance	  Values	  



 

THE KNOWLEDGE DISTRICT AND PROVIDENCE 
 

	  

	  

Figure	  10:	  Results	  from	  2008	  State	  of	  Providence's	  Urban	  Forest	  Report	  

Figure	  11:	  Similar	  Analysis	  within	  the	  Knowledge	  District	  only	  



 
Compared with the whole of Providence’s urban forest, which provides $222.82 per 

acre in annual benefits, the Knowledge District’s trees provide $108.76 per acre annually.  
While there is a higher percentage of dead trees in the Knowledge District (5.3%, compared 
with 1.6% for Providence), tree diameter shows a high percentage of small trees, which are 
probably younger and should ensure lower natural attrition rates in the future.    

 Less diversity is found in the analysis of tree species in the Knowledge District, with 
the top five species making up nearly 75 percent of counted trees.  The city of Providence 
has already listed species diversity as a problematic area, but this particular region shows 
even less variety than the entire city (which shows ten species compose 75 percent of the 
tree population).   

 
 

 
In the Knowledge District, 98.7% of 

trees are planted in sidewalk pits, a large 
departure from the 52.4% in all of 
Providence.  This presents a problem, 
potentially inhibiting overall growth and tree 
health.  Trees in pits can also damage 
sidewalks and roads if not provided with 
enough space for long-term growth.  

 
 
 

 
 
 
 
 
 
 

 
	  
	  

Comparing Annual Benefits 
 
City of Providence 
$222.82/acre 
 
Knowledge District 
$108.76/acre 

Figure	  12:	  Tree	  on	  Elbow	  Street,	  causing	  
cracked	  sidewalk	  
	  



URBAN TREE CANOPY ASSESSMENT 
 

Numerical measurement of green space often relies on the area taken up by foliage, 
making tree assessment a valuable tool.  Canopy coverage is a common way to predict the 
utility of plantings, as it is related to processes of photosynthesis and transpiration, and 
therefore measures the extent to which beneficial ecological processes occur.17   
 The i-Tree Streets program uses tree data and measurements from the physical tree 
inventory to estimate Urban Tree Canopy (UTC).  Given the total area of the Knowledge 
District, the UTC is only slightly above 1%.  This number is surprisingly low, but can be 
attributed to data capture technique that only includes trees on city property.  Private 
plantings around homes and backyards are not counted, since these are not under city 
management.  A more comprehensive approach uses aerial imagery, in order to provide a 
more complete assessment. 

 Using the i-Tree Canopy program, a more thorough canopy assessment involved my 
own data interpretation of hundreds of data points in the area randomly selected by the 
program.  This allows some differentiation between general green plantings and trees, and 
also allows the program operator to define other classes of use.  This method revealed 
8.32% canopy in the Knowledge District.  This percentage is a great deal higher than the 
estimate using only street trees, but remains very low compared to the rest of Providence.  
The city averages at 23% overall, with the highest value at 40.1% in the Blackstone area, and 
low values of 5.9% and 6.6% in Washington 
Park and Downtown, respectively.   

Potential UTC is calculated by 
subtracting the area of existing buildings, 
roads, trees, and water bodies from total 
area.  This potential UTC measure is 51.4% 
for the Knowledge District area.  Of this 
area, 28.1% is composed of parking lots 
alone, with 78.22% of the overall area 
impervious surface.  
 

Urban Tree Canopy 
in the Knowledge 
District 
 
Only Street Trees 
    1.186% 
 
All public and 
private trees 
    8.32% 

	  

	  

Figure	  13:	  Aerial	  view	  of	  Providence	  

Figure	  14:	  Results	  of	  i-Tree	  Canopy	  
Assessment	  for	  Knowledge	  District	  land	  use	  



The following images were created using ENVI, a geospatial analyst program.  
Spring 2010 aerial images were used in order to ensure data capture of maximal canopy, and 
the colors are based on visible and infrared reflectance.  Chlorophyll pigments of healthy 
spring vegetation absorbs more red light and less infrared than other non-green areas, 
allowing the creation of images and data that show where the highest density of green space 
occurs.  Hence, the red areas represent green space in the two pictures – one is of all of 
Rhode Island, and the more magnified image includes Providence and the Knowledge 
District. 

Compared with data from the greater Providence area, the Knowledge District is far 
behind in tree canopy, and the benefits it would create. In the 2009 Zoning Ordinance, the 
city lists goals for tree canopy development, with 
goals varying based on zoning type.   

Zones listed requiring 30% UTC include 
residential zones, commercial/residential space 
along the waterfront, open space and recreation 
areas, and conservation districts.  The other zones, 
which only require 15% UTC, include industrial and 
heavy commercial districts. Zone D1 in the report 
refers to the historic downtown core business area, 
and has its own requirements, which take into 
account factors like lot use and building facades.18 

While most areas of Providence don’t 
measure up to these standards, (with the exception 
of the largely forested Blackstone area), the 
Knowledge District is farther behind.  The area can be considered neither residential nor 
industrial and commercial, since buildings serve varied uses, ranging from condominium 
complexes to laboratories. 
 

	  	  

	  

Potential UTC (defined by total area – 
area of roads, buildings, existing trees, 
and water) = 51.4% 
 
 
In order to meet conservative 
standards of 30% UTC, there would 
need to be 5,293 new large trees (or 
7,561 medium trees, or 17,642 small 
trees), as defined by the city. 

Figure	  15:	  ENVI	  images	  of	  Rhode	  Island,	  green	  square	  indicates	  Knowledge	  District	  location	  



OTHER LAND USE CONSIDERATIONS 
 
IMPERVIOUS SURFACES 
 Impervious surfaces are defined as any material preventing infiltration and retention 
of water into soil.  Typical surfaces include developed land, including sidewalks, building 
roofs, roads, and parking lots. The measure of impervious surface has even been suggested 
as an essential environmental indicator to assess the impact made by humans,19  
and an indicator of urbanization.  Surface water runoff increases with this land type, and 
higher volumes of runoff means more pressure on areas sensitive to storm water 
contamination, and increased flooding. Flooding has been of particular concern in recent 
years in Providence.  The increase in water and sediment, and often pollution, can have 
detrimental effects on water supplies, erosion, and animal habitat. 
 
 

 
 
 
 
 
 

	  

Figure	  16:	  RIDEM	  map	  of	  impervious	  surfaces	  in	  the	  Knowledge	  District	  



BROWNFIELDS AND WASTE MANAGEMENT SITES 
 
Several brownfield sites have been 

identified within the Knowledge District, 
according the Rhode Island Department of 
Environmental Management.  Brownfields are 
defined by the EPA as “abandoned, idle, or 
under-used industrial and commercial facilities 
where expansion or redevelopment is 
complicated by real or perceived environmental 
contamination.”  Historically, the area in and 
around the Knowledge District has been used 
for industrial purposes, and the resulting 
brownfields attest to this past.  Remediation and 
redevelopment strategies often involve putting a 
“cap” over pollutants, usually in the form of a 
new building or paved surface, but other 
greener development options exist.   

The greenway along the 
Woonasquatucket River in Olneyville was once 
a brownfield site, and its successful remediation 
earned it a place among the EPA’s 16 Showcase Community Success Stories in 1998.  
Contamination soil and underground storage tanks were removed, and funding from the 
EPA, the Rhode Island Department of Environmental Management, and the state supported 
cleanup and redevelopment.20 

 
 
 

 
 
 
 
 
 

	  

	  

Figure	  17:	  RIDEM	  map	  of	  waste	  management	  
sites	  in	  the	  Knowledge	  District	  

Figure	  18:	  Greenway	  map	  of	  the	  newly	  developed	  area	  along	  the	  
Woonasquatucket	  River	  



	  

CURRENT INITIATIVES 
 

The Providence Neighborhood Planting Program (PNPP) is a program partnered 
with the Providence Park Department, which matches the city’s funds in order to cover tree 
planting and management costs including sidewalk preparation, soil, trees, and tree delivery.  
Providence residents can apply to receive a Neighborhood Street Tree Planting Award, 
which grants them free services.21 

Trees 2020 is another initiative, led by the city and Groundwork Providence, with 
the goal of increasing Providence’s tree cover to 30% by 2020.  The program invites 
homeowners, businesses, and groups in the community to join the effort, and much of the 
focus is on private property.  Through the program, people can apply to purchase trees at 
less than 50% what they would otherwise cost.  And trees planted through the program or 
individually can be registered through the site to count toward the goal.22 

CityWALK focuses not specifically on tree planting, but rather a cohesive 
development plan.  The idea was conceived in stakeholder meetings discussing the future of 
I-195 land, and was put on by the Providence Planning Department, the Providence 
Preservation Society, the Providence Foundation, the American Institute of Architecture, 
and RISD.  The agreed upon design spans from Fox Point through the Knowledge District, 
and proposes to link public spaces and develop greenways to promote equitable access to 
city assets, as well as enhance Providence’s sense of identity.  
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Overall, these initiatives highlight the unique opportunity now present to plan and 

execute development of the Knowledge District in a highly sustainable fashion.  As funds do 
become available, ideas can be put into effect, incorporating green space improvements. The 
downturn in the economy enables efforts like Green the Knowledge District to put in place 
good planning for the area. The results of this work will ultimately transform this district in 
Rhode Island into a better place to live and work, while ensuring the region’s ecological 
health with sustainable approaches. 

Figure	  19:	  Plan	  from	  proposed	  CityWALK	  



ONGOING STRATEGIES AND POTENTIAL 
 

Unaccounted for spaces that contain trees and other plantings in the Knowledge 
District include individual gardens, particularly in residential areas.  Although individually 
small, domestic gardens can make a substantial contribution to urban green space. Domestic 
gardens are seldom included in estimates of this space, since they are out of government 
control, and therefore harder to account for.  But their impacts on biodiversity have actually 
been shown to be significant, and provide a major component of green space in an urban 
environment. 23,24 

Non-public trees make up over 7% of Urban Tree Canopy (UTC) in the Knowledge 
District, comparing Street Tree UTC with aerial images.  This contribution to the area’s 
urban forest is significant, and suggests that development and assessment of plant life in the 
future could include a residential garden component.  An interactive database including 
community and individual gardens, and displaying measureable benefits, could foster 
engagement with nearby residents.  Given the opportunity to actively participate in a 
measureable benefit to the community reinforces its importance more than passive 
information distribution can.  Active engagement goes beyond the mere measureable 
ecological benefits; it also fosters community, enhanced awareness and empowerment in 
improving one’s own environment.  

As trees are added and development takes place, there would also be advantages to 
ongoing monitoring of urban tree canopy growth to ensure that goals can be achieved by the 
city and organizations that are already committed to increasing canopy coverage.   

 
 

APPROACHES TO INCREASING UTC 
 
 

 
 

 
1. Plant new trees 

Community outreach and education programs 
Increase in funding and activity for programs like PNPP 
Citywide planning initiatives 

 
2. Address high mortality rates and improve health of current trees 

Management practices  
Education about tree requirements and mortality rate issue 

 
 

 
 

Future UTC = present UTC + increases for UTC of current trees + UTC from 
new tree planting – loss of present UTC from death or disease 
	  



Aside from planting significant numbers of new trees, one method by which to increase 
canopy coverage is the improvement of current tree health.  Even in dense urban areas, trees 
can thrive if particular landscaping and management practices are pursued.25 

 
Opportunities abound for involving community members and students.  Youth 

education can highlight the benefits of a tree-filled neighborhood, and encourage interest 
and engagement of young residents.  The proximity of RISD provides valuable design 
resources and opportunities to engage young designers in the real challenges of city planning.  
 
SHORT TERM AND NON-TREE OPTIONS 
 

BEST LANDSCAPING PRACTICES  
According to New York City Department of Design and Construction’s High Performance Infrastructure Guidelines 
 

 Optimize Citywide Landscape Planning – includes maintaining a tree database, 
standardizing landscape specifications citywide, and implementing public 
awareness programs 

 Encourage Ecological Connectivity and Habitat – link environmentally sensitive 
areas with development plans to ensure protection, minimize impervious 
pavement area, conduct soil and hydrologic analysis 

 Create absorbent landscapes – soil analysis, water-efficient landscape design, 
consider accommodating runoff with bioretention 

 Structural Soil – material that can support mature trees, and also withstand 
compaction by foot and vehicle traffic 

 Increase Quantity, Density, and Diversity of Trees – evaluate existing species that 
require protection, determine native species that could be used and would 
increase diversity, identify locations for planting to avoid interference and 
maximize benefits 
…………………………………………………………………………………
…………………………………………………………………………………
…………………………………………………………………………………
…………………………………………………………………………………
…………………………………………….ku…… 

	  

Providence’s 2010 Downtown plan 
recognizes the vast amount of land and 
resources lost due to vacant lots, many of 
which fall into the Knowledge District 
area.  The report expresses hope about 
interim and future uses, which might at 
least minimize impervious surfaces in the 
short term and potentially develop some of 
the area into park land.  
 
 
 
66.55% of all vacant land in the 
Downtown region is in the bounds of the 
Knowledge District. 

	  Figure	  20:	  Map	  of	  Vacant	  Lots	  in	  
Providence’s	  2010	  Downtown	  Plan	  



 The potential UTC is especially high for the Knowledge District, given the high 
concentration of parking and vacant lot area, and density of buildings.  Creative design ideas 
could be considered, including green roofs on buildings, and parking lot improvements or 
redevelopment, due to the amount of land they cover in the area.  Green roofs have already 
become popular in Providence, even appearing on some buildings within the district.   
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
There is room for improvement in parking lots, with the inclusion of pervious surfaces, such 
as constructed wetlands.  The University of Rhode Island (URI) installed permeable new 
parking lots and retrofitted an old one.  Islands are replaced with curb-free infiltration areas 
to allow storm water to flow directly in.  The Save the Bay Center parking lot includes 
bioretention ponds and swales to deal with all runoff from the parking area. 

The building at 17 Gordon 
Avenue housed industrial facilities 
in 1930 – After undergoing 
retrofits of green technologies, it 
reopened in 2002. 
 
Green Features 

 1/3 of its roof area is 
green roof 

 rainwater recovery 
system 

 porous parking lot 
adjacent to the building	  

	  

	  

	   	  

	  

	  

Figure	  21:	  Overhead	  view	  of	  17	  Gordon	  Ave.	  

Figure	  22:	  URI	  parking	  lot	  (left)	  and	  Save	  the	  Bay	  Center	  parking	  lot	  (right)	  



 
These innovative sites can be seen as models for redevelopment of land in the 

Knowledge District.  In the near future, focusing on interim lot use will be an effective way 
to change the ratio of canopy and green space to impervious surface in the area.  Long-term 
development that prioritizes sustainability should more aggressively incorporate green space 
- benefits are immediate and extensive, and the value is accessible to all community 
members.  

American Forests recommends 40 % tree canopy as a goal for areas east of the 
Mississippi, as a way to combat the decline in tree cover of around 30% over the past 20 
years.26  While achieving such an ambitious goal would be a difficult undertaking for any 
developed urban region, the size of the Knowledge District and commitment of those 
studying the area presents an opportunity to adhere to extraordinarily high standards.  
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Background Information 

Green the Knowledge District (GKD) is a collaborative effort of the Ocean State Consortium on 
Advanced Resources (OSCAR) and the City of Providence to catalyze environmentally 
sustainable economic growth and development in the Knowledge District. 

The overall goal of the Green the Knowledge District (GKD) effort is to capture the 
sustainability profile of the KD so that we can drive better development decisions and help 
Providence become a global leader in sustainable development. The first stage of the project was 
designed to look at the energy demand profile of the region. Further down the road, there are 
plans to expand the studies and analysis to include other parallel studies of transportation, 
greenway development, social/environmental relationships, architecture, urban reclamation, etc. 
 
Ultimately, the goal of this project (beyond this semester) is to model the flows of energy, 
money, ideas, people, organizations and materials into, through and out of the Knowledge 
District. The model is intended to assist planners and designers to achieve the community goals 
for this district: creation of a state of the art, energy efficient, people oriented, dynamic urban 
environment for knowledge-related industries and the people working in them.  

Mission statement, justification 
Energy sustainability has increasingly been the focus of many political and commercial 
discussions in recent years. When energy prices soared in mid-2008, homeowners and business 
leaders alike sought ways to reduce their monthly energy costs. This movement as a whole was 
short lived, as the heart of the recession drove down energy costs and reduced energy demand. In 
addition, many of those who had initiated research into retrofits or new structures found that 
reduced incomes and uncertain futures prohibited further spending. With less money to spend 
and facing lower costs, many energy sustainability projects fell dormant for several months or 
even years. As we look forward from 2011, energy costs are projected to be larger and larger 
parts of budgets in years to come. It has been said that in the next few years, every major 
corporation will have an Energy department in addition to the core of Sales, Operations, and 
Human Resources. Companies already have changed accounting procedures to break down a 
single line of energy costs into particular demand sources. Other companies, such as Google, 
have gone as far as to invest in sustainable power production facilities such as wind and solar.  

The Knowledge District today stands at an important junction. With the movement of the 
highway that once brought thousands of cars through each day, there is an opportunity to 
redesign the District into something that better suits the goals of Providence for future decades. 
This redevelopment comes at a time when Providence is looking for an economic revitalization, 
especially in the downtown area.  
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Energy Demand Sources 
In order to properly analyze the current state of energy demand, there are several important 
sources of demand that must be considered.  

Transportation 

Transportation is one of the major sources of energy demand in the world. Transportation to and 
through the District has been a major focus thus far, with the entire project based off a move of 
the Interstate 195 crossing of the Providence River. Within transportation, it is important to 
consider the volume and composition of traffic. Commuters who drive to their respective 
workplaces threaten to create rush hour congestion that can potentially be relieved by full 
integration of public transit and improved road layouts. Maintaining good surface conditions and 
efficiently-timed lights can also be effective steps. Finally, parking (of which there is plenty 
today) will need to be provided able to accommodate increased flux of vehicles post 
revitalization.  

The effect of transportation will certainly not be limited to commuter traffic. The movement of 
other goods and freight throughout the District will continue to be an important consideration. 
Freight vehicles tend to be larger and therefore impose additional constraints on road structure 
and receiving dock areas.  

Buildings 

Much of the power consumption occurs within the many buildings and establishments located in 
the Knowledge District. Heating, cooling, lighting, and running appliances are responsible for 
most of this demand. Many of the buildings were built decades ago under a variety of building 
codes, helping to give rise to a very diverse spectrum of energy profiles. Technologies and 
funding have changed over time, with the result being that the systems and designs of buildings 
are very fractured as a whole. Today, a large portion of the land area is covered by vacant 
buildings or parking lots.  

One key to energy sustainability in the District is knowing how each of these factors affects the 
total energy picture. The ultimate goal would be to explicitly correlate attributes of the building 
design, materials, and surroundings to each of these power consumers. For example, theory 
would imply that for a given set of inputs (attributes of building), an energy demand prediction 
could be made that would reflect actual measurements. Such a model would allow sensitivity 
analyses to take place, whereby the effect of a change in one of the attributes can be accurately 
predicted. An organization exploring a retrofit of their heating system could then make an 
accurate prediction of the net effect the replacement would have. 

Goals 
On a large scale, the City of Providence (among others) is concerned with the overall 
sustainability of the District rather than each individual building’s energy demand. Of course, 
ensuring that each building is demanding as little energy as possible is a key issue. However, it is 
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currently not feasible to construct such detailed models of energy flows on such a small scale. 
None of the interested parties (at this time) have the funding, legal rights, or time to collect data 
and generating dynamic models for every building in the District. Perhaps in the future, the 
economics of energy will become such that it will be in the interest of each proprietor to have 
such models built for each property owned in an effort to reduce energy costs. At this time, there 
will likely be a host of companies in the Providence area who will be paid commission for 
conducting the appropriate research. The City as a whole might face the same fragmenting 
challenges that it is faces today, finding itself without access to the models or data of these 
individual properties. 

Specific Goals 

The ultimate goal is the capture the sustainability profile of the KD so that we can drive better 
development decisions and help Providence become a global leader in sustainable development. 
 

Greening the Knowledge District will: 
1. Serve public and private investors as they plan and implement the measurable 

improvements in energy consumption and cost efficiencies of their investments. 
2. Use energy efficiency and environmental preservation to attract and retain new jobs, 

technologies and businesses by building on the inherent strengths of the state's public and 
private institutions. 

3. Demonstrate Rhode Island’s ability to work across sectors and disciplines to address a 
major challenge facing cities across the world. 

4. Establish an international model for long-term growth that is economically, 
environmentally and socially sustainable. 

 
GKD will accomplish these goals through these steps: 

 
1. A team of faculty and students from Rhode Island colleges and universities will work 

with local energy experts to obtain a baseline measure of current energy consumption in 
the KD. 

2. Working with one building at a time, the team will collect data such as the cost of heating 
and lighting, the amount of water used, average employee commuting distances, and 
energy requirements for the activities in the building under study. 

3. Once established, the team will share a summary of this baseline data with a full array of 
energy experts, designers and engineers so they may identify and recommend innovative 
ways to reduce energy consumption, costs, and improve environmental impact of current 
activities in the KD. 

4. The results will be shared with current land owners and future developers to help drive 
better decisions regarding energy costs and efficiencies. 
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Other Sustainability Goals 

 

If the GKD is to be a sustainability leader for Rhode Island and the country, there are many other 
areas in addition to energy efficiency that should be addressed when possible. 

The GKD should strive for people-friendly development, as envisioned by “smart growth” 
advocates.  “Smart growth is an urban planning and transportation theory that concentrates 
growth in compact walkable urban centers to avoid sprawl and advocates compact, transit-
oriented, walkable, bicycle-friendly land use, including neighborhood schools, complete streets, 
and mixed-use development with a range of housing choices. Its goals are to achieve a unique 
sense of community and place; expand the range of transportation, employment, and housing 
choices; equitably distribute the costs and benefits of development; preserve and enhance natural 
and cultural resources; and promote public health.” Other desirable outcomes of smart growth 
are preservation of open space; predictable, fair and cost effective development; and community 
and stakeholder collaboration.   (Wikipedia)   

As a waterfront neighborhood, GKD should maximize the benefits of its connection to the river 
and bay.  “Providence’s connection to the water is one of its most defining features. The 
Narragansett Bayfront and the riverfronts are central to the city’s economic, social and 
environmental well-being… Today the Narragansett Bayfront and the lands adjacent to rivers 
and ponds throughout the city offer residents and visitors relief from its dense urban setting - 
both physically and visually. Walkways and parks provide spaces for recreation, contemplation 
and gathering. Water views from many different locations throughout the city help define its 
character. The bay, rivers and ponds are also the city’s primary environmental assets. Planning 
for the future of these areas is essential to the city’s long-term sustainability and well-being.”  
(from Comprehensive Plan for the City of Providence 2007) 

Reduction of stormwater runoff is an important element of sustainability.  Runoff causes water 
pollution because of the contaminants that are contained in runoff water.  That includes algae 
blooms and the resultant oxygen starvation caused by nitrogen pollution.  It also causes stream 
bank erosion and therefore habitat destruction.   

In order to minimize stormwater runoff and the attendant pollution of the receiving water bodies, 
there are a number of actions that can be taken.  One is to maintain and expand walkways, parks, 
waterfront access and waterfront views.  In addition, green areas and waterfront views would 
improve residents’ and workers’ perceptions of outdoor comfort.  Another is to limit further 
development to developed areas. 

Low Impact Development (LID) techniques are commonly accepted solutions to stormwater 
runoff problems but difficult to implement in the real world.  The goal of low impact 
development is to minimize stormwater runoff thus minimizing the effect of stormwater on the 
receiving water bodies and permitting groundwater recharge.  LID generally also results in more 



7 | P a g e  
 

green areas in urban settings.  When widely implemented, it also reduces the required size of 
wastewater transport and treatment infrastructure. 

The GKD could adopt model standards, to include LID techniques as recommended by The 
Rhode Island Stormwater Design and Installations Manual and the Urban Environmental Design 
Manual, issued by the state Department of Environmental Management (DEM).  It could also be 
a demonstration site for stormwater control technologies and education of the public. 

Other potential ways to demonstrate sustainability include model construction standards for 
green construction, mostly related to energy efficiency, and acting as an incubator for new 
energy technologies, including solar energy, wind energy and smart grid technology. 
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Database Structure 
In order to develop an understanding of the current energy usage in the Knowledge District, a 
database must be set up to aggregate all of the information. Because there is so much information 
out there, it is important to specify: 

- Exactly what kind of data would be useful 
- How this data should be store (i.e. time intervals, units) 
- Where to obtain this data and how to update this data if necessary 
- How this data will be organized within the database 
 

Overview 
 

 

 

The diagram above shows the proposed organizational structure of the database. Specifically, 
there will be five “sub-databases” that all link to the master database which is accessible through 
GIS. These 5 sub-databases were chosen based on where the information can be obtained and 
how the information is useful to the end users (i.e. planners, developers, energy experts). 

Finally, within each sub-database there are starred items (*) that indicate information required by 
the EPA for Energy Star Certification. This is discussed in more detail in the Energy Star section. 
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Tax Assessor Database 

The Tax Assessor Database includes the most basic information. It is named as such because the 
information procured here is all from the tax assessor. The information here is part of public 
records and is the most easy to obtain. The Tax Assessor Database has been mostly completed as 
of now. For continuation purposes, it would be useful to explore the possibility of linking the 
GKD database with the actual tax database for automatic updates. The following are the most 
important elements of this database: 

 Year Constructed* – this data will primarily be used to compare age of building 
versus energy efficiency. It is generally expected that the older a building becomes, 
the less energy efficient it is. Depending on how strongly age correlates with 
reduction in energy efficiency, it can help narrow down the specific buildings to be 
targeted for renovation & retrofitting. 

 Building/Lot Size* – in order to appropriately compare energy consumption between 
buildings, a normalization scale is necessary. One such useful factor is building/lot 
size. The bigger a building is, the more energy it will consume. 

 Zoning – zoning type is a classification given by which Rhode Island that categorizes 
building type/use. It can be used to group together buildings for comparison 
purposes. For example, it may be the case that certain zoning types are in general 
more or less efficient than other zoning types. 

 Owner Information* – this includes information on the building owner and contact 
information. While this is not directly useful for energy comparison purposes, GKD 
will need this to contact building owners to get information and eventually for 
permission to update other parts of the database. 

 Other potentially useful information: assessed value, building value 
 

Utility Information 

The Utility Information database is arguably the most complex and difficult database to construct 
and maintain. This database includes all the electricity & natural gas usage data for the building. 
It is much more complex because it includes a second dimension: time and more importantly, the 
database must be updated regularly with non-public information. Information to be included: 

 Electricity & Natural Gas Consumption* – this information should be recorded in 
kWh and should be updated monthly. This information must be obtained from the 
utilities with the permission of the building owners. It would be very convenient if 
GKD could link its databases with the utility’s database thereby updating 
automatically. Unfortunately, there are many obstacles for this. The one way to 
introduce this idea is through Energy Star’s Portfolio Manager. The portfolio 
manager has a feature whereby you can link with a local utility to provide 
information automatically. Because the Energy Star has the brand name, it may 
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convince owners and utilities to agree and over time they may become more 
amenable to linking directly with GKD as a relationship is built. 

 Dollars Paid for Electricity & Natural Gas – in the long run, this data can be used to 
estimate cost reductions to convince building designers & owners to make 
sustainable choices. There are many applications for this type of information. For 
example, one can estimate the financial benefit of smart meters by calculating the 
cost per energy unit difference between a building using a smart meter and a similar 
building that is not. 

 Peak Electricity & Natural Gas Usage – reducing peak energy consumption is critical 
for sustainability in the district. It is costly to the environment, utility operators, and 
building owners. This information can be used to narrow down buildings that cause 
the greatest peak demand. 

 Heating & Cooling Degree Days – this can be looked up but it is already calculated 
by the utility company and is probably more accurate than what can be found online. 

 

Building & Energy Characteristics 

Building & Energy characteristics are very similar. Most of the information in these two sub-
databases will need to be obtained from the building owner but will not need to be updated on a 
frequent basis. Building Characteristics refer to characteristics that the building operator does not 
have control over for the purpose of improving energy efficiency. For instance, the number of 
employees working in the building is considered a Building Characteristic because the building 
operator can’t reduce the number of employees to reduce energy consumption. Energy 
Characteristics on the other hand are factors that the building operator has control over. For 
instance, the type of lighting system can be changed by the building operator to improve the 
energy sustainability of the building. 

Building Characteristics (fixed characteristics) 

 % of building area that is heated and cooled* – only parts of many buildings are 
heated and cooled. This may be an important normalization scale for comparing 
various buildings. 

 Working hours per week* – this is vaguely defined as the hours during which most of 
the building occupants are inside the building. This is another important 
normalization scale when comparing different buildings. 

 Average number of employees per working hour* – when combined with working 
hours per week, this can yield an effective quantitative “usage” of the building and is 
another scale to be considered for comparison purposes. 

 Building Type* – what is the building used for? Is it a medical office building, 
school, etc.? Different buildings obviously have different needs. Similar to zoning in 
the tax assessor’s database, it is a more specific building categorizer. 
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 Building Orientation – this information should be entered as intercardinal directions. 
The purpose is to look at how natural lighting and heating can have an effect on 
buildings and perhaps influence future development projects. 

 % surface area that is window cover – similar to building orientation, it can be used to 
analyze effects of natural lighting and heating and be used to influence future 
developments. 

 

Energy Characteristics (variable characteristics) 

 Insulation of walls – because this parameter can become very complex, it is useful to 
look at this from a lumped parameter standpoint. Thus, it is recommended that this be 
entered as a lumped average R-value per unit non-window surface area. This 
parameter is useful for comparing to heating demand of the building. 

 Insulation of windows – similar to the insulation of walls, it is recommended that a 
lumped parameter model be used here as well in the form of some average R-value 
per unit window area. This parameter in conjunction with % window area and 
building orientation may be useful to determining the effect of natural heating. It is 
also used to standard comparison between different buildings’ heating demands. 

 Lighting system – there are two sub fields that should be entered for this category. 
The first is describes the types of bulbs used in the building (i.e. % of bulbs that are 
incandescent, LED, and fluorescent). The second piece should be something that 
combines the previous %’s into a single value, such as a weighted average. 

 HVAC System – the type of HVAC system used for a building can greatly affect the 
heating demand. There are a variety of subfields for the HVAC system. 

o Heating: type of heating system (central air, etc.), source of heat (boiler, 
heat pump, electrical, etc.) 

o Ventilation: number of air changes per hour, forced versus natural 
ventilation, use of a heat exchanger 

o AC: type of AC (central, local), SEER rating 
o Other: age of HVAC system 

 

District Sustainability Profile 

The final section is probably the broadest out of the five. The Sustainability Profile database 
includes information that may or may not be linked directly to a building. These include some 
data items that are necessary for evaluating the sustainability of a building or even the entire 
district. They are a step beyond just energy consumption data. The following list is a small 
compilation of example entries that would be useful. Data collection for some of these items is 
difficult and would require significant work. 
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 Estimated natural lighting and ventilation of a building – This would require a survey 
of buildings to establish a district baseline. This is a key sustainability characteristic 
of buildings and hence of the district as a whole. The objective is to maximize the use 
of natural lighting and ventilation over time thus reducing energy use. The district 
could set goals for renovation projects and new construction. 

 Amount of green and blue space – This is a key indicator of a healthy urban 
environment. It is related to the human perception of comfort and livability. It also 
reduced the urban heat island effect and reduces storm water runoff. Although not 
directly related to energy consumption, green and blue space is integral to the 
environmental development of a district. Some form of this data is probably available 
through the city but will most likely need to be refined. If possible, it would be 
exciting to be able to specify the green & blue spaces within GIS itself. 

 Landscaping/Hardscape – In addition to the above discussion of green space, the 
GKD could have standards for sustainable landscaping to minimize the need for 
watering, fertilizer and pesticides while maximizing the enjoyment of resident and 
workers. Similarly, hardscape should be minimized and be of the types that allow 
infiltration of rainwater. 

 Tree Canopy Cover – a member on the GKD team is working on this project already 
and it is a very intensive data gathering process. Tree canopy cover goes beyond just 
looking at the environmental impacts on the district. Tree shading for example can 
reduce a residential building’s electricity consumption during the summer by a 
significant amount. The GKD could set a goal for tree cover and maintain an 
inventory in order to track progress toward the goal. 

 Roof Area – this is particularly useful in looking at solar as an alternative energy 
source. Roof area can help narrow down the buildings that can be targeted for solar 
project implementations. It also relates to the potential for green roofs, which reduce 
storm water runoff. Narragansett Bay Commission regulations limit storm water 
runoff for new construction. The GKD could consider setting goals or requirements 
for renovation or new construction. 

 Storm Water Drainage System – Existing storm water runoff is likely very high. The 
flows should be mapped and goals set to reduce the amount of runoff. 

 Transportation Network – A sustainable district should consider its transportation 
system and work to minimize the use of energy-intensive modes of transportation. 
The first step would be to assess the existing network of pedestrian, bicycle, 
automobile and materials movement infrastructure. This would also include the 
commuting patterns of its residents and workers. 

Our Analysis 
In our analysis of the energy situation, we identified several important variables that should be 
included in any analysis of energy sustainability in the District. The obvious data pieces are the 
energy data sets themselves. Most buildings will have their own electricity usage data, heating 
fuel usage (e.g. natural gas or oil), and water usage. Each of these data points will be provided on 
a variety of time scales, from monthly down to every 15 minutes. The very first step in 
constructing an energy model should be to obtain or record this data. With the advance of smart 
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metering systems, this usage data is becoming more and more accessible. Depending on who 
installs and operates the meters, actual access to the data can be difficult. To this point, we have 
relied on the help of National Grid for the majority of our data sets, which involves coordinating 
with another organization. Potentially in the future, the organizations directly involved with the 
GKD project will be able to setup and install their own meters, and thus aggregate the data into 
one location. Energy data should be obtained “without holes,” i.e. for a given period, all pieces 
of data must exist. For example, electricity demand data alone for a particular building is not 
enough to draw conclusions. It is also recommended that data be obtained for at least one whole 
year, to see the effect of seasonal variations. In general, months will only be comparable to 
equivalent months of the previous year. 

In our attempts to secure and analyze data, we have encountered several issues. Many of the 
electricity demand data sets we have looked at have periods of zero or very low readings. This 
may be due to inaccuracies or may relate to the function of the building during different seasons. 
However, to fully represent the energy profile, it may be necessary to obtain more data about the 
building that is currently available in the electric utility reports. For instance, many buildings 
have dual heating systems whereby natural gas may be used for half of the year and electric 
heating used for the remaining half. Without explicit knowledge of which systems were online 
during which periods of time, or which meter readings refer to what specific systems, it may not 
be possible to obtain an accurate picture of the energy demand of a particular building. 

Weather data is another major data (degree days, insolation). 

Relevant Attributes 
Among building attributes and measurements, there are a wide range of possible relevant figures. 
We have identified a list of attributes that we feel are important, based on theoretical concepts 
and numerical evaluations. However, this list is not meant to be all-inclusive; rather, we 
constructed a list of feasible attributes that would suffice for a first look into the energy profile. 
Of course, the more information that can be recorded about the building, the more accurate a 
model can be. In addition, some of the factors suggested in this report may in fact turn out to be 
insignificant. We left these potentially uninteresting variables in the analysis for the very fact 
that their insignificance is an important result to note. Much of the sustainability conversation 
globally is driven by qualitative arguments that others have difficult proving insignificant. Our 
analysis will hopefully lead to a more directed list of those factors which are in fact worth 
looking at as well as a list of those that should be left aside as being insignificant. 

Standardization 
The key to being able to compare data across buildings is to find a standardization variable or set 
of variables. For instance, there is likely a correction factor between building uses, such that an 
office building and residence would likely have a completely different energy profile. In 
addition, buildings of different sizes or occupancies would almost certainly have different levels 
of energy demand. Such a standardization variable could only be found through thorough 
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analysis or complex knowledge of building energy demand. Modeling software attempts to 
correct for these factors, though the complexity of their calculations can be very difficult to 
reproduce. 

Once a standardization is generated, comparisons of buildings can be made. Regressions of the 
standardized energy demand data can be performed against a variety of energy characteristics, 
such as variables that quantify the effect of specific systems in the building. The regressions can 
then provide information on the relative energy efficiencies of each building. Those building 
with lower efficiencies presumably should be further analyzed for ways to reduce energy 
demand. The regressions can also show which variables contribute significantly to energy 
demand and which are not that significant to give a relative importance of systems. After 
developing this procedure, we found a system (Portfolio Manager) that is already in place that 
accurately reflects our goals. Rather than replicate their years of statistical research that is fine-
tuned every few months, we opted to learn more about what their system does and how we can 
utilize it to further the goals of the GKD. 
 

Portfolio Manager 
The EPA has outlined a procedure for standardizing data across buildings. This rating system is 
the one used by Energy Star’s Portfolio Manager in calculating the EUI of each building. The 
steps, which are detailed in the Energy Star Performance Ratings document, outline specific 
criteria for buildings that can be analyzed using their methods. The criteria puts bounds on the 
number and complexity of buildings that can be considered. Upon entering the data into Portfolio 
Manager and selecting the building type, Portfolio Manager will calculate the Actual Source 
Energy Use Intensity, given in energy per square foot of floor space. Independently, the 
Predicted Source Energy Use Intensity is calculated from the building use type and parameters 
specified. The efficiency ratio of interest is the actual EUI divided by the predicted EUI. Here, a 
lower “efficiency” indicates a more efficient building, as it is using less energy than expected. 
The efficiency rating is then compared to a table of efficiency ratings for a single building type 
and a percentile is calculated. This reference table is generated from data provided by the EIA 
rather than data that has previously been entered into Portfolio Manager. 

Energy Star has detailed descriptions of its data analysis methodology. For each building type, 
there is a specific set of filters that is applied to ensure that the building being analyzed cane be 
compared with the reference data in the table. Once these requirement s are met, they provide the 
specific independent regressors used in the analysis. For office buildings, this list includes the 
natural log of gross square footage and natural log of total operating hours. The specific 
combination of variables used is the result of careful econometric analysis on the part of the 
EPA, which is currently accepted as the industry standard.  

The EPA method takes a very high level approach in analyzing the energy profile of a building. 
Rather than considering each individual system (i.e. heating or lighting) within a given building, 
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only the overall building characteristics are considered. For example, exogenous attributes such 
as building square feet or the number of operational hours per week are used to scale between 
buildings. However, the type of lighting installed or specific heating system used are within the 
control of the building owner and are not considered. This has two important implications. The 
first is that the efficiency calculated is holistic and representative of overall building energy 
demand (which, at the end of the day, matters most in terms of energy costs and total demand). 
In other words, the control volume is defined to be the walls of the building. The second 
implication is that the Portfolio Manager software cannot predict the impact of installing a more 
efficient lighting system or upgrading a heating system on a building’s energy demand. Rather, it 
is more reactionary to changes that are made. This is less useful in terms of modeling which 
systems would be key candidates for a retrofit, but more useful in determining which kinds of 
buildings should be considered for a more comprehensive review of their internal systems. 

Furthering GKD Goals with Portfolio Manager 

A solid goal for the GKD effort is to see several buildings approved for the Energy Star 
certification. The certification is an attainable goal in that its requirements are less stringent than 
LEED standards and it is less costly to obtain. The award carries national recognition, which 
furthers the GKD goal of being a sustainability model for other regions to follow. Currently, 
Providence has only two buildings that have received Energy Star certification, a fact that stands 
out itself as being particularly weak given other large cities on the East Coast have many times 
more.  
 
This summer, two interns will be taking over the Portfolio Manager project to get buildings in 
the Knowledge District Energy Star certified and to collect energy data from buildings for the 
database.  We helped gather information to begin the process and hand the project to the interns.  
We used energy data from 3 Brown owned buildings into Portfolio Manager and outlined a 
process for the interns to gather more information and further the project.  

Methods 

We used Portfolio Manager with three Brown-owned buildings in the Knowledge District: 1 
Davol Square, 339 Eddy Street, and 70 Ship Street, to determine their approximate Energy Star 
ratings.  See Figures 2,3, and 4 for images of these buildings and Figures 5,6, and 7 for their 
ratings and graphs of their electricity usage.  Both 339 Eddy Street and 1 Davol Square are office 
buildings.  70 Ship Street is a lab space.  See Figure 1 for a screen shot of Portfolio Manager. 
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Figure 1. Screen shot of Portfolio Manager 

 

Results and Discussion 

With the information we had, Portfolio Manager gave 339 Eddy and 1 Davol Square ratings of 
100 and 70 Ship Street a rating of 1.  Although we predict several reasons for such extreme 
ratings, these preliminary ratings show that 339 Eddy and 1 Davol Square are potential 
candidates for certification, whereas 70 Ship Street is most likely not a candidate for Energy Star 
certification, unless Brown decides to invest in a large retrocommissioning process.  

There are several reasons that the ratings produced by Portfolio were off.  First, we did not have 
any information on occupancy or equipment use, and instead used Portfolio’s standard 
occupancy rates for typical office spaces and lab spaces.  Second, we are unsure how reliable the 
energy data is.  Although the energy data was collected by National Grid, some months were 
missing or peaked abnormally high or low.  Please see Figures 7-9 for graphs of the electricity 
data of each building and Appendix i. for the raw data.  Finally, we only had electricity and 
natural gas data for the three buildings.  These buildings may receive other forms of energy from 
other buildings, such has high temperature hot water or chilled water.  
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Figure 2.  Image of 339 Eddy Street         Figure 3.  Image of 1 Davol Square              Figure 4. Image of 70 Ship Street 

 

 

Figure 5. Electricity Data of 339 Eddy Street 

  

 

Figure 6. Electricity Data of 1 Davol Square 
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Figure 7. Electricity Data for 70 Ship Street 

 

From our research and work with Portfolio on these three buildings, we outlined a process we are 
recommending to the summer interns to approach this project. 

Recommendations for Summer Interns  

By starting to collect information for this project, we have several recommendations for the 
summer interns.  Below is an outline of suggestions of how we see the program being carried 
out.  

 

 

 

1. Create Incentives. 
a. Monetary.  In a similar city-wide project, called the Green Impact Zone, a 

financial incentive was created by the local utility company partnering with 
Energy Star for Homes.  People who began the process to get Energy Star for 
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Homes certified received rebates from the utility company to install certain 
energy efficient appliances and technologies.  A similar program could be carried 
out in the Knowledge District with National Grid.  If National Grid is unable to 
provide rebates, members of the Knowledge District could instead receive rebates 
to work with some of the home energy efficiency programs with local community 
groups outlined in the grassroots community projects section of this report.   

b. Marketing.  Another option for creating incentives to engage in Energy Star is 
through marketing.  Energy Star certified buildings in the Knowledge District can 
be showcased online, in a “Greening the Knowledge District” online newsletter, 
or through plaques or other items of appreciation.  

2. Meet With Building Owners  
a. Divide Buildings into 10 stages.  The buildings in the Knowledge district should 

be divided into ten stages for preliminary discussions about the larger project.  
The first few stages should include building owners with the largest number of 
buildings.  Speaking with these owners first will allow the project to expand 
rapidly at the start, and it would set a precedent for smaller building owners in the 
district. 

b. Target owners by building density for Stage 1.  Table 1 shows recommendations 
for Stage 1 buildings.  Stage 1 buildings include government owned and National 
Grid owned buildings.  Because there is a National Grid representative on the 
GKD team, both government owned and National Grid owned buildings should 
be relatively easy to gather information for.  Appendix ii. Includes the form that 
would have to be filled out by the government building owners and the National 
Grid owners in order for the interns to gain access to the energy information. 

3. Partner with Building Owners 
a. Confirmation from building owners.  The interns should meet with building 

owners individually and give them an informational brochure on the program.  An 
example of a brochure that could be used can be found in Appendix iii.   

b. Work with owners to enter in data.  If possible, the interns should enter in the 
Portfolio Manager information during a meeting with the building owners.  This 
meeting would ensure that the information is collected in a timely manner and 
that all information, including occupancy and building characteristics, are entered 
accurately. 

4. Apply for Energy Star.  
a. Target buildings with ratings above 80 to apply for Energy Star.  The interns 

should create a target rating value.  Buildings with ratings above this value should 
first be targeted to proceed with Energy Star certification.  This includes hiring a 
private contractor to verify the energy data and information in Portfolio, and 
submitting this information to the EPA for evaluation.  Buildings in the next range 
of rating values should be targeted next with methods for improving their energy 
performances.  Buildings that have ratings below a predetermined low value, with 
little chance of Energy Star certification without an multi-year investment, should 
not be included in this first phase of the Portfolio project. 

b. Aid building owners in the process.  The interns should continue to work closely 
with buildings that proceed with certification until certification is attained.  
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349 Eddy St 43 Allens Ave 126 Globe St 

100 South St 10 Alphonso 53 Crary St 

100 Bogman St 220 Blackstone St REAR 527 Eddy St 

460 Eddy St 4 Allens Ave 128 Globe St 

4 Crary St 23 Staniford St 116 Globe St 

181 Dorrance St 4R Allens Ave 275 Public St 

153 Public St 50 Allens Ave 325 Public St 

48 Crary St 30 Allens Ave 499 Eddy St 

82 Borinquen St 21 Milk St 175 Crary St 

39 Staniford St 11 Milk St 0 Crary St 

41 Milk St 286 Plain St 515 Eddy St 

35 Hilton St 342 Eddy St 33 Manchester Pl 

33 Hilton St 144 Dyer St 39 Manchester Pl 

59 Ship St 103 Public St 25 Manchester Pl 

185 Richmond St 320 Prairie Ave 184 Point St 

167 Richmond St 91 Bogman St 178 Point St 

139 Richmond St 316 Prairie Ave 176 Point St 

199 Richmond St 399 Public St 21 Manchester Pl 

71 Ship St 395 Public St 702 Eddy St 

222 Richmond St 391 Public St 511 Eddy St 

7 Point St 77 Beacon Ave 694 Eddy St 

233 Richmond St 371 Public St 234 Prairie Ave 

10 davol Sq 55 Staniford St   
194 Richmond St 160 Dyer St   
337 Eddy St 100 Friendship St   
289 Richmond St 145 Crary St   
6 Elbow St 155 Public St   
221 Richmond St 521 Eddy St   
279 Richmond St 72 Allens Ave   
269 Richmond St 167 Crary St   
220 Blackstone St 55 Crary St   

Table 1. Buildings Addresses for Stage 1 buildings 
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Grassroots Community Involvement  
The third component of our project during the spring 2011 semester includes a method to 

expand the work of the GKD. 

Project Goal  
 The goal of the grassroots community involvement project is to include environmental 
community groups in the GKD project. There are many notable and well-known environmental 
organizations in Providence with missions that align well with the goals of the GKD project. By 
partnering with the GKD team, these community groups would continue to do what they do, but 
they would do it in the Knowledge District in a cohesive, organized way and in conjunction with 
other community groups. The purpose of the grassroots community involvement project is to: 

1. Expand the goals and work of the GKD project 
2. Allow community groups to have a say in the GKD goals 
3. Allow residents and employees in the district to participate in GKD 
4. Provide different options for involvement  
5. Advertise the GKD project to members of the district 
6. Expand the work of these community groups  
7. Allow homeowners, employees and businesses to distinguish themselves based on their 

involvement in these projects 
 

Background  
 While several cities have created environmental initiatives for a defined area of their city, 
one program, the Green Impact Zone has done a great job at creating grassroots community 
involvement. The Green Impact Zone is a 150-square block area of Kansas City, Mo. The area 
includes approximately 25% vacant lots and additional vacant structures. Unemployment has 
reached 11.7% of the city. 

 The Green Impact Zone is designed to transform the area and increase economic vitality 
by engaging in green efforts. The Green Impact Zone does an excellent job at including 
community development organizations, nonprofit, private, and civic leadership. Some of the 
Green Impact Zone’s grassroots community programs include home weatherization, policy 
activities, energy efficiency and renewable energy availability, and methods for making clean 
water available. 

 The ideas presented in this report are based off of the success of the Green Impact Zone 
and include ways to promote similar programs with Providence-based community groups. 

Methods  
One example of how this community involvement could be organized is outlined in the steps 

below. 
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A. Process for Soliciting Organizations 

a. The GKD team will agree on the types of community involvement that would be 
appropriate to proceed with (see below for a list of organizations and possible 
roles for a place to start). 

b. Each member of the GKD team will be assigned as contacts for these local 
environmental organizations 

c. A member of the GKD team will create a standardized email or informational 
brochure to give to these organizations. Each contact will be in charge of catering 
the brochure or email to outline specifically how the organization can get 
involved. 

d. The community groups will not be responsible for anything extensive except to 
expand their work to the KD and allow us to advertise their work in the KD.  

B. Process for Soliciting Community Members 

a. The GKD team should coin a term for these projects specific to the KD. For 
example, the projects could be called “Green Action Commitments,” and 
community members would be recognized for completing “x” amount of green 
action commitments. For the purposes of this report, the projects will be called 
green action commitments.  

b. The green action commitment project opportunities should be outlined on the 
GKD website, advertised to target community members, and can be promoted by 
the organizations themselves. 

C. Process for Carrying out Projects 

a. When a member of the KD chooses to do a green action commitment, the 
organization confirms to the GKD team the person or organization’s involvement. 

b. The GKD will recognize those who participate in Green Action Commitments. 
c. Participants in Green Action Commitments will be given opportunities to get 

involved with other Green Action Commitments.  
D. Process for Recognizing Green Action Commitments  

a. The GKD should look into methods for recognizing Green Action Commitments. 
b. Examples of recognition include listing each month’s Green Action Commitments 

online or in a listserv, giving out free RIPTA rides by partnering with RIPTA, 
giving out discounts at local coffee shops or restaurants by partnering with these 
local eateries.  

 

Target Community Groups  
The following community groups are involved with environmental projects in Providence 

that would work well in the KD. 

A. Southside Community Land Trust 
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a. Scope of Work 

The Southside Community Land Trust works with Providence residents to help 
them start community gardens. The Southside Community Land Trust is 
nationally recognized and it is often used as a model for other organizations.  

b. Possible Avenues for Green Action Commitments  

The Southside Community Land Trust can provide green action commitment 
opportunities for residents by helping residents start community gardens in their 
neighborhood. 

B. Sierra Club of RI  

 
a. Scope of Work 

The RI Chapter of the Sierra Club has 2500 members across Rhode Island. The 
Sierra Club’s largest campaign, Transportation Choices 2020, is a program to 
create an innovative transportation plan that reduces transportation emissions and 
increases public transit availability to RI residents. Transportation Choices 2020 
works with policy-makers, business people, and RI residents.  

b. Possible Avenues for Green Action Commitments  

The Sierra Club could provide green action commitment opportunities by 
providing residents volunteer opportunities to campaign through phonebanking or 
door-to-door canvassing in their neighborhood for environmental campaigns.  

C. Coalition for Transportation Choices 

 
a. Scope of Work 

The Coalition of Transportation Choices works with community groups across RI 
to increase public transit options in Rhode Island. The Coalition of Transportation 
Choices works on several campaigns for bills related to transportation. 

b. Possible Avenues for Green Action Commitments  

The CTC can work with GKD to provide green action commitments to those who 
volunteer for letter writing, phone calling, or canvassing campaigns related to 
public transportation access in their neighborhoods.  

D. Farm Fresh Rhode Island 

 
a. Scope of Work 

Farm Fresh Rhode Island promotes local, small-scale farms throughout Rhode 
Island. Farm Fresh Rhode Island has a website that includes information on nearly 
every farm in Rhode Island.  

http://www.southsideclt.org/
http://www.sierraclub.org/
http://www.southsideclt.org/
http://www.sierraclub.org/
http://www.southsideclt.org/
http://www.sierraclub.org/
http://www.southsideclt.org/
http://www.sierraclub.org/
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b. Possible Avenues for Green Action Commitments  

Farm Fresh Rhode Island can issue green action commitments for organizations, 
businesses and eateries in the KD that include a certain amount of local food from 
a Farm Fresh local farm in their menu of dining services.  

E. The Apeiron Institute for Sustainable Living 

 
a. Scope of Work 

The Apeiron Institute is a Providence-based non-profit that provides several 
avenues for RI residents to promote sustainability in their lives. One of Apeiron’s 
programs trains people from low-income neighborhoods in energy management 
and providing certification training programs for energy auditors.  

b. Possible Avenues for Green Action Commitments  

Apeiron started the training program a few years ago, and thus has a network of 
trained energy auditors. Apeiron can provide green action commitments when a 
business or homeowner hires an Apeiron certified energy auditor to begin their 
building’s energy efficiency work.  

F. Environmental Justice League of RI 

 
a. Scope of Work 

The Environmental Justice League of Rhode Island is involved with several 
community-based environmental programs, from their Healthy Corner Store 
Initiative and their weatherization programs.  

b. Possible Avenues for Green Action Commitments  

A green action commitment through the Environmental Justice League of Rhode 
Island could be given for hosting a “weatherization open house” to have the 
Environmental Justice League of Rhode Island educate members of the 
community on the benefits and process of home weatherization. 

G. Clean Water Action 

 
a. Scope of Work 

The Rhode Island chapter of the Clean Water Action works on several statewide 
campaigns that increase access to clean water, including keeping the ban for trash 
incineration, preventing the accessibility and use of certain hazardous chemicals, 
and a producer responsibility in cleaning up trash with hazardous chemicals. 

b. Possible Avenues for Green Action Commitments  

The Clean Water Action of Rhode Island can issue green action commitments for 
volunteering on campaigns that directly impact clean water issues in the KD. 

H. Audubon Society of Rhode Island 

http://www.apeiron.org/new/index/index.p
http://www.cleanwateraction.org/
http://www.apeiron.org/new/index/index.p
http://www.cleanwateraction.org/
http://www.apeiron.org/new/index/index.p
http://www.cleanwateraction.org/
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a. Scope of Work 

The Audubon Society of Rhode Island promotes the protection of natural wildlife. 
The organization runs many different environmental educational programs. 

b. Possible Avenues for Green Action Commitments  

Educational institutes in the KD can receive green action commitments by 
including the Audubon Society of Rhode Island’s nature educational programs in 
their curriculum. The Audubon Society provides curriculum material, field 
explorations, teacher training and teacher resources.  

I. Rhode Island Chapter of the Conservation Law Foundation  

 
a. Scope of Work 

The Rhode Island Chapter of the Conservation Law Foundation runs 
environmental campaigns for state legislature.  

b. Possible Avenues for Green Action Commitments  

The Rhode Island Chapter of the Conservation Law Foundation could issue green 
action commitments for volunteering on CLF campaigns related to the KD. 

J. Recycle-A-Bike 

 
a. Scope of Work 

Recycle-A-Bike helps Providence residents fix their bikes or earn a new bike by 
helping to fix it.  

b. Possible Avenues for Green Action Commitments  

Green action commitments can be issued for donating a bike to the Recycle-A-
Bike program and giving a certain amount of hours to start fixing it if it’s broken. 
Commitments can also be issued for hosting a Recycle-A-Bike event for 
community members through Recycle-A-Bike. 

K. RI Interfaith Power and Light 

 
a. Scope of Work 

RI Interfaith Power and Light promotes sustainability measures for local 
congregations of all different faiths. 

b. Possible Avenues for Green Action Commitments  

Congregations in the KD can earn action commitments by engaging in RI 
Interfaith Power and Light action steps”. 
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Next Steps  

If the GKD is interested in carrying out this program, a team member should be assigned 
the role of leading this program. The summer interns would be good candidates for getting this 
work started by following the steps outlined in “methods.” By the end of the summer, the interns 
will hand off the program to someone else, after developing relationships with each organization 
and determining a detailed process for carrying out the program. 

 

 

 

 

Feasibility Studies 

Comparison to Masdar City 
One interesting concept that we encountered in class was that of the energy neutral city. One of 
the largest and most expansive attempts at bringing this concept into reality can be found in 
Masdar City, near Abu Dhabi in the United Arab Emirates. Their idea of constructing an entire 
net-zero city was a project on the scale of $20 billion of initial investment. While this obviously 
is a much larger scale than The Knowledge District effort, there are important underlying themes 
that are driving development in the region that could have applications to Providence.  

From information provided on their website, the main focus in their developmental efforts has 
been people rather than technology. While the GKD main goal is to use development to draw in 
high-tech jobs and people with ideas, Masdar has sought to attract the people who will populate 
the city beforehand, and use them to drive sustainable developments.  

Masdar City also has focused largely on fixed building characteristics, such as building 
orientation. They found that the orientation of the building with respect to the sun and to the 
prevailing winds was a large determinant of energy demand. They listed this as their number one 
design criteria. Granted, the city itself is located in the desert, where sun and wind are much 
stronger resources that can be utilized. However, as further development goes, orientation should 
be considered an important factor. 

Another focus of theirs was on energy efficiencies of individual buildings. It has been said that 
energy efficiency is the cheapest way to solve the energy problem. Using the best technology 
available and implementing the best ideas, their newly constructed buildings are much more 
efficient than existing ones in nearby cities. One of the keys to maintaining the efficiency within 
these buildings is through smart building management. Periodic (every as often as every 15 
minutes) readings of energy demand can allow building operators to react to current conditions 
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and adjust system settings appropriately. Automation of these systems has the potential to even 
better manage demand across several buildings. 

The least effective method of reducing the net energy impact of the city was through “active 
controls,” which were defined as supply-side changes. Generation of power was found to be the 
least cost effective way to affect net energy demand, although it is necessary for a city to be 
functional.  

 

Solar in the District 
It was estimated that in November of 2010 that the demolition of the old I-195 highway will free 
up approximately 35 acres of area for development [1]. We looked at the possibility of using 
some of this area for solar PV. This can be implemented in two different ways. The PV can be 
installed on a decentralized basis – various new structures built in the area would have PV 
installations on their rooftops – or an entire area can simply be devoted to a small PV farm. 
There are pros and cons of both ideas: 

Decentralized PV 

Pros Cons 

Each building owner has a stake in the PV and 
thus you have “many” owners working to 
maintain their individual PV systems 
 
Much of the electricity can be delivered 
directly to buildings as opposed to only being 
able to sell to the grid which requires large-
scale purchase agreement from utilities 
 
The amount of area covered can be used for 
both PV and a building 
 
Having many owners increases awareness in 
the community better than just having one farm 
because all the various owners are stakeholders 
in the project 

Difficult to install and maintain. A separate 
engineering design for each building rooftop is 
needed. Different systems may require 
different maintenance. 
 
It is difficult to get many building owners 
together to cooperate on such a big project. 
Organization and project management will be 
extremely difficult. 
 
Similar to above, the legal issues, individual 
licensing issues, and capital raising issues may 
be very difficult due to having a large number 
of parties involved 

 

Centralized PV 

Pros Cons 

Much easier to implement and install. One 
large scale engineering design is needed. 
 
Easier to maintain. 
 

Sends a message that is different from having 
many owners forming a community. It 
becomes more like one organization working 
to do something instead of a community 
working to improve their local area. 
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Requires only one major party working with 
the land owners & government. 
 
Legal, capital, licensing is much easier when 
you have fewer parties involved. 

 
Requires large-scale purchase agreement from 
utilities. 
 
The area covered will be too large that a 
building cannot be built (and therefore have 
rooftop panels). So the land isn’t used 
efficiently 
 
Lack of diversification in terms of stakeholders 

 

We have estimated below what we believe would be a reasonable target for PV in this area using 
the decentralized method. We assumed that out of the total 35 acres available, half of it will have 
buildings constructed on it. Then we assumed we could get three fourths of the building owners 
to participate in this initiative. 

  
Total Area [acres] 35 
% of area that are buildings 50% 
% participation among owners 75% 
Rooftop Area [sq. meters] 53,117 
Insolation [kWh/sq. m/day] 
[2] 3.64 
Efficiency 20% 
  
Per day energy [kWh] 38,669 
Per month energy [kWh] 1,160,073 
Per year energy [kWh] 14,114,216 
  
Average Size of System [kW] 1,611 
  
Cost [$/Watt] $9.00  
Total Cost of System [$ 
millions] $14.5  

 

Based on these assumptions, the average size of the system is 1.6 MW. This is not the peak 
capacity. In the summer, insolation is around 5.3-5.9 kWh/sq. m/day and in the winter the 
insolation drops to 1.5-2.6 kWh/sq. m/day so the system will be significantly more effective 
during the summer than the winter. We estimated a cost of about $9/Watt (based on 2008 
pricing) [3] and resulted to a total of about $14.5M. This is an estimate based off of residential 
solar panels cost for both installation and materials. If we were able to negotiate a bulk purchase, 
the price may come down – however, maintenance and installation at the top of a tall building is 
probably more costly than for a house. Furthermore, it is a reasonable assumption that the price 
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of PV will decrease in the future. For instance, based on recent earnings releases from First Solar 
(NASDAQ: FSLR) [4], solar cost-per-watt decreased by 9% in 2010. Therefore, we believe our 
extremely conservative estimate of $9.00/Watt is reasonable. 

In order to look at the economic feasibility of solar, we also built a discounted cash flow model. 
We assumed that electricity costs 12 cents per kWh. Thus, in a year, the panels above will save 
14 million kWh or 1.7M dollars. In addition, we utilized linear depreciation to account for the 
tax savings that generally comes with purchasing large capital goods. At a tax rate of 30%, the 
entire system saves an additional $217K per year. It should be noted that we do not account for 
maintenance costs which we believe will be relatively small because there are no moving parts. 
However, they will require cleaning and will be subject to harsh winter conditions. We also do 
not account for sustainability tax incentives given by the government for green initiatives. 

 

Discounted Cash Flow  
Cost of Electricity 
($/kWh) 0.12 

   Discount Rate 10% 
   Tax Rate 30% 
     
Electricity Savings $1,693,705.92     
Depreciation Tax 
Savings $217,513.60     
Total Savings $1,911,219.53     
     
Initial Costs ($14,500,906.88)    
     
     
Number of Years 20    
NPV $1,770,382.34     
     
Payback Period 
(Years) 7.59    

 

Assuming the life of the solar panels are about 20 years, we look at the 20 year discounted cash 
flow with a discount rate of 10% which is about 700 basis points above the 10-year treasury and 
is a reasonable estimate for a large scale project that will probably require large funding. 

Note that the net present value based on this is about $1.8 Million making it a potentially 
economically attractive investment. The payback period is approximately 7.5 years. We believe 
this conservative estimate shows that there may be good economic incentives to undertake such 
an idea. 
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Below is a table of assumptions that we altered in this model and the resultant 20-year NPV and 
payback period. All changes are assumed to be independent of each other. 

Assumption 20-Year 
NPV 

Payback Period 

Standard assumptions from above $1.7 Million 7.59 Years 
Estimate maintenance cost to be 5% of initial costs (about 
725K a year) 

-$4.4 
Million 

12.22 Years 

Estimate PV cost to be $7/Watt $4.6 Million 6.05 Years 
Estimate the cost of electricity to be an average of 15 
cents/Watt 

$5.4 Million 6.21 Years 

Estimate a maintenance cost of 5% of initial costs and PV cost 
of $7/Watt 

-$0.2 
Million 

8.68 Years 

Estimate the cost of electricity to be an average of 10 
cents/Watt 

-$0.6 
Million 

8.90 Years 

Efficiency of solar panels are 25% $2.2 Million 7.59 Years 
Efficiency of solar panels are 15% $1.3 Million 7.59 Years 
Assuming snow covers panels completely from November 
through February rendering insolation 0 during those months 
(average insolation becomes 3.0 kWh/sq. m/day) 

$1.5 Million 7.59 Years 

 

Looking at our assumptions, it looks like the project is fairly economical. We gave a very 
conservative estimation of the costs and based on the analysis, it seems like there’s a good 
chance it can be NPV positive. Also it only takes about 8 years to fully pay back the project. 

Another interesting thing to look at from an energy standpoint is how much solar energy could 
be generated if we covered a different amount of area or changed the efficiency: 

Assumption GWh per year 
generated 

Total Costs (Millions $) 

Standard assumptions from above 14.1 $14.5 
Participation is 25% 4.7 $4.8 
Cover 100% of the freed up 35-acres of 
land with solar panels 

37.6 $39 

Extended the project to the entire 360-
acre Knowledge District [5] (assuming 
same % building area and participation as 
before) 

145.2 $149 

 

It’s interesting to see the potential of sustainable solar energy we can generate. If we used the 
entire 35 acres, we can generate almost 37.6 GWh which accounts for 0.3% of Rhode Island’s 
Sustainable Energy Initiative (16% of RI’s total energy usage of 220 Trillion BTUs). 
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Conclusion 
 

In conclusion, the information in this report will be useful for the GKD team for several reasons.  
This report will allow the GKD team to make more informed decisions on which pieces of data 
to collect, what the data should be used for, how to structure the database, the best methods for 
carrying out the Portfolio Manager project, an approach to partnering with community groups, 
and a better understanding of the feasibility of renewable energy technologies in the district. 

The information in this report will be presented to the GKD team at one if the weekly meetings.  
After the meeting, the project will be handed off to the GKD team and to the summer interns to 
begin some of these projects. 

The GKD project will set a precedent for other cities to perform similar projects in specific 
districts.  While there are several examples of large-scale city planning for sustainability projects 
in other cities, the GKD project is unique on its focus on metrics and informational knowledge.  
The GKD project has the potential to encourage other cities to follow a similar process to collect 
information and increase the sustainability of these districts.  Thus, all of the work done on the 
GKD, including this report, should be well documented and organized for encouraging similar 
city planning projects.  
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Appendix i. Electricity Data 
 

 

Table 2. Electricity Data for One Davol Square 
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Table 3. Electricity Data for 339 Eddy Street 
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Table 4. Electricity Data for 70 Ship Street 
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Appendix ii. Informational Brochure for Portfolio Manager Project  
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Executive	Summary	
Introduction	and	Objectives	
 

Laboratory buildings notoriously use five to ten times the amount of energy per square foot of 

general office buildings.1 Most of  the energy use of  laboratory buildings can be attributed  to 

their  heightened  ventilation  needs  and  associated  increase  in  heating  and  cooling  loads. 

Because  of  experiments,  the  use  of  chemical  and  hazardous materials,  and  the  presence  of 

animals,  laboratories  require  several  air  changes  per  to  hour  to  ensure  a  safe  indoor 

environmental quality. Outside air must be brought  in,  instead of recirculating at  least part of 

already conditioned air, and must be conditioned to meet occupants’ thermal comfort. Fume 

hoods  and electrical  laboratory equipment  that needs  to operate  continuously  are  also  very 

energy intensive.2 

 

The building located at 70 Ship St. in the Jewelry District, recently rebranded as the Knowledge 

District, houses the laboratories for molecular medicine and is one of the greatest energy users 

on Brown University’s  campus. As  independent  contractors hired by Brown have discovered 

through commissioning and retro‐commissioning of the building, there are many systems of the 

building  that  are  running  inefficiently  and many  opportunities  for  energy  improvement.  The 

objective of  this project was  to assess  the energy  flows of  the building and  investigate what 

energy was being used for and, by doing so, create an energy model. The second phase of this 

project entailed examining  the  fume hoods and  the possibility of  implementing a behavioral 

change program in the building to reduce the associated energy use. 

 

Energy	Modeling	
 

A variety of data were used to construct a computerized model of energy use at 70 Ship Street. 

These  included historical utility data, recorded every  fifteen minutes over the past two years. 

Specifications of many of the mechanical systems and current setup of the building were found 

in  the  retro‐commissioning  report  for  the building  from 2010. This predictive model  can use 

historical data  to hypothesize  the energy use  for any given day based on historical patterns. 

Additionally, the specific uses of energy within the building were examined.  It was found that 

88%  of  the  total  buildings  energy  use  was  tied  in  with  the  ventilation  and  associated 

conditioning processes for the building. The building’s carbon footprint for 2010 was estimated 

to be 4,060 tons of CO2 (equivalent). 
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Fume	Hood	Energy	Use	
 

The current fume hoods in place at 70 Ship Street are of the older, constant air volume or (CAV) 

type. These fume hoods operate with a constant airflow regardless of sash position or time of 

day. This  is due  to  the presence of a baffle which becomes exposed upon opening  the hood, 

allowing the same volume of air through as  if the sash were  fully opened.  In the  laboratories 

here  the  hoods  are  set  to  operate  at  750  cubic  feet  per  minute.3  This  corresponds  to  a 

calculated air velocity of around 125 feet per second. This exceeds Brown’s standard of 100 feet 

per minute  and  is  double  the  velocity which  has  been  successfully  implemented  at  several 

corporations. 

 

Recommendations	
 

Upgrading the current fume hoods at 70 Ship Street to the more costly but more controllable 

variable air volume (VAV) hoods  is the course of action recommended for reduction of energy 

use. This in combination with lowering the face velocities to 60 feet per minute would in itself 

halve the airflow volume through the  fume hoods  in these  laboratories. This coupled with an 

effective behavioral  change program has  the potential  to  reduce  fume hood airflow and  the 

associated costs to as low as 27.9% of their current levels if VAV hoods were installed and kept 

open only when active work was being undertaken. The payback period for the  investment  in 

these upgrades ranges from 3.7 to 8.3 years depending on the effectiveness of the associated 

behavioral change movement. The combined effect on the energy use at 70 Ship Street would 

be a reduction on the order of a 60%.  	



 

Ene
Backgr
 

The build

Universit

purposes

current f

Rhode Is

shows so

vents and

not pictu

mechani

vivarium 

central a

 

Figure 1. 

 

As  a  bui

despite 

backward

engineer

and subm

inefficien

maintena

currently

with equ

the  resu

ergy	M
round	on	

ding at 70 Sh

ty.  It  is  a  s

s. Following 

form since t

land; Figure 

ome of the m

d cooling to

ured.  The  re

cal suite. Th

which  hou

rea and labo

Map of the Je

lding  rapidly

the  2003  r

ds and the e

ring  firm of 

mitted a rep

ncies  within

ance  projec

y being work

ipment such

lting  therm

Mode
70	Ship	S

hip Street is 

ix‐story  bui

its purchas

hat time. Fig

2 is a three 

mechanical 

wer which c

emainder of

e first floor 

ses  live  anim

oratories in t

 
ewelry Distric

y  approachi

renovation. 

error in flow 

Sebesta‐Blo

port.7 The st

  the  buildin

cts.  As  such

ked on. Exam

h as air hand

al  leakiness

eling
Street	

the home o

lding,  origin

se by Brown

gure 1 show

dimensiona

systems of t

can be seen,

f  the buildin

serves as a l

mals.  The  th

the wings of

ct4 

ng  100  yea

In  fact,  on

direction w

omberg perf

tudy  found a

ng.  Many  o

h,  many  of 

mples  includ

dling units. A

s  is  quite  h

g	at	7

of the Labora

nally  constr

n  it was  ren

ws a map of 

al representa

the building

 there are a

ng’s HVAC  sy

obby and re

hird  through

f the building

Figure 2. 3‐D

rs  in  age,  7

ne  backup  v

as not disco

formed a  re

a variety of 

of  these  we

them  were

ded a variety

Additionally, 

igh.  The  re

0	Shi

atories for M

ucted  in  19

ovated  in 2

the Jewelry

ation of the 

g,  located on

additional ve

ystems  can 

eception are

h  fifth  floor

g. 

Dimensional F

70  Ship  Stre

ventilation 

overed until 

etro‐commis

mechanical

ere  thought

e  either  add

y of schedu

the building

port  briefly

Kruk

ip	Str

Molecular M

912  and  use

2003.  It has 

y District are

building. Th

n the roof. In

ents on roof 

be  found  i

a, while the

rs  house  off

Figure of Buil

et  is not  in 

component 

2008.6 In Ma

sioning  stud

 problems, 

t  to  be  eco

dressed  by 

ling and ma

gs windows 

y  addressed 

kowski and M

Page 5

reet

edicine at B

ed  for  indu

been used 

ea of Provid

is represent

n addition t

exterior tha

n  the penth

 second hou

fice  space  in

lding5 

the best  re

was  conne

arch of 2010

dy on  the  fa

deficiencies

onomically  v

facilities  o

aintenance  is

are quite old

more  swee

Miller 

of 30 

rown 

ustrial 

in  its 

ence, 

tation 

o the 

at are 

house 

uses a 

n  the 

epair, 

ected 

0, the 

acility 

s, and 

viable 

r  are 

ssues 

d and 

eping 



Krukowski and Miller 

Page 6 of 30 
 

changes  in  policy  and  equipment  that  could  be made,  primarily  in  the  area  of  fume  hood 

upgrades and control changes. However, at  the  time of  the  report Sebesta‐Blomberg did not 

recommend action on the fume hoods directly. 

 

Methods	for	Energy	Modeling	
 

The model for energy use at 70 Ship Street was constructed primarily using data from the retro‐

commissioning  report and National Grid. The  report held  some historical energy use data,  in 

addition  to  specifications and descriptions of  the building’s mechanical system. National Grid 

was  able  to  provide  historical  data  on  the  natural  gas  and  electricity  consumption  of  the 

building over  the  last  two years on a  fifteen‐minute basis. Furthermore, data on  the degree‐

days  cooling  and  heating  each month  for  the  city  of  Providence were  utilized.8  These were 

referenced to an ambient temperature of 18.3 °C. This data allowed for a comprehensive model 

of energy use at  the building  to be  constructed. From  this;  the end‐use purposes of energy, 

historical energy use patterns, and  comparisons of electricity and natural gas usage were all 

examined.  These  were  used  to  prepare  a model  which  will  predict  the  energy  use  in  the 

building on any given day based on history. The overall environmental  impact  in terms of the 

buildings carbon footprint was also estimated. A snapshot of the daily energy prediction unit of 

the model  is  included  as  Appendix  B.  The  historical  data  used  to  construct  this model  are 

presented  in Figure 3. The seasonal use patterns are consistent with what would be expected 

from a building in New England. 

 
Figure 3. Historical Natural Gas, Electricity Usage, and Calculated Total CO2 Emissions 
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Results	of	Energy	Analysis	
 

One  result  of  the  analysis  performed  on  70  Ship  Street  was  the  finding  that  72%  of  the 

electricity used at the building is tied to the HVAC and ventilation systems. Further, the only use 

of Natural Gas at the facility is for the hot water and steam boilers. Thus in total, the ventilation 

needs account for 88% of the buildings annual energy use. While this trend is not unusual for a 

lab building of its size, the implications helped to focus the remainder of this project on ways to 

reduce  the  ventilation  energy  used  in  the  building.  Table  1  summarizes  the  end‐use 

destinations for electricity calculated within the building. Items  in bold are those  linked to the 

ventilation systems. It is estimated that the environmental impact of the building, measured in 

tons of CO2 annually released is 4,060 standard tons of CO2 (equivalent). 

 

Table 1. Electricity End‐Uses 

Equipment Type Electricity End-
Use Estimates 

Chillers 27.8%

Air Handling Units 16.4%

Laboratory Equipment 14.8%

Exhaust Fans 13.3%

Lighting 7.4%

Office and Other Miscellaneous Use 5.8%

Cold Water Pumps 4.3%

Cooling Tower Fans 3.4%

Cooling Water Pumps 2.8%
Hot Water Pumps 2.7%
Heat Recovery 1.3%
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The original objective of this project was to construct a behavioral change program that focused 

on fume hoods to reduce their associated energy use. The aim of the program would have been 

to  educate  the  occupants  of  70  Ship  St.  about  the  energy  usage  of  fume  hoods  and  how 

performance could be  improved by simply closing the sash. However, this behavioral program 

would only work  if the  fume hoods were VAV and  it was discovered during research that the 

fume hoods in the building are all CAV. Nevertheless, it is still desirable to analyze, understand, 

and  improve  the  energy  performance  of  fume  hoods  within  the  building.  As  the  ensuing 

calculations will demonstrate, the energy to operate all of the fume hoods in the building costs 

approximately $150,000 and there is no management program in place to decrease the energy 

used by fume hoods.   

 

In  fact,  there  seems  to be conflicting  information  throughout Facilities Management and  the 

building operators on best practices  for operating  fume hoods. For example,  in conversations 

with the mechanic of 70 Ship St., he stated that alarms would be set off if the fume hood sashes 

were closed past a certain level and that fume hood sashes should be kept open.13 He did not 

mention  that  the  fume hoods  installed  in  the building were CAV and had a  constant airflow 

rate. A conversation with a mechanical engineer from Facilities Management initially confirmed 

the  necessity  of  keeping  the  fume  hood  sashes  open,  though  the  engineer  eventually 

backtracked and recommended contacting Brown University Environmental Health and Safety 

(EH&S).14  The  Director  of  EH&S,  Stephen  Morin;  the  Director  of  Sustainability  and 

Environmental  Initiatives  at  Facilities Management,  Christopher  Powell;  and  the  Director  of 

Engineering, Christian Cherau all stated  that  fume hood sashes should be closed when not  in 

use and at a minimum height when the  fume hood was being used to both maximize energy 

savings and safety.15 They did not, however, highlight  the differences between best practices 

for CAV and VAV hoods. Therefore, tracking the operation and current energy usage patterns of 

fume hoods  in  the building  represents a significant opportunity  for better understanding and 

improving energy performance. 

 

Furthermore,  keeping  fume hood  sashes open  is detrimental  to  safety because  it  requires  a 

greater airflow than necessary, which can create turbulence and will make  it more difficult to 

contain and exhaust the noxious fumes, vapors, and chemicals. If a fume hood that is open but 

not in use is pulling more air than it needs, it can be more difficult for a neighboring fume hood 

to meets its ventilation needs.16 

 

Due  to  the  perceived  advantages  of  VAV  hoods,  an  economic  analysis  was  conducted  to 

investigate  the  possibility  of  replacing  the  CAV  hoods  with  VAV  systems  and  determine 

recommendations for best management practices to maximize safety and minimize energy use. 
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Economic	Analysis	
 

The  possibility  of  replacing  the  CAV  fume  hoods  currently  in  place  with  VAV  hoods  was 

investigated because of  the potential of decrease  in energy use, operation  cost  savings, and 

greenhouse gas emissions reductions. There are 37 fume hoods in the building. First, the annual 

airflow  rate  was  calculated  for  each  of  four  cases.  The  four  cases  and  the  underlying 

assumptions are described below:  

 

Case 1: The current situation  

Case 2: CAVs are replaced with VAVs. Fume hood sashes are open all of the time. Face velocity 

is reduced from face velocity in the current situation to 60 ft/min.  

Case  3:  CAVs  are  replaced with  VAVs.  Fume  hood  sashes will  be  open  all  of  the  time  that 

researchers are working (8 hrs/day, 40 hrs/week, 50 weeks/year).  

Case 4: CAVs are replaced with VAVs. Fume hood sashes are only open when they need to be (2 

hrs/day, 5 days/week, 50 weeks/year).  

 

First, the current fume hood airflow rate was determined. Airflow rate through the hoods, Q, is 

defined as: 

	 	 	 	         (Eqn. 1) 

 

Where A is the area of the opening, U is velocity, Uf denotes face velocity, HS is the sash height, 

and W represents the width of the opening. Current set points in the building target an average 

Q of 750 cfm, with automatic controls alerting the mechanic if the airflow goes below 650 cfm 

or above 850 cfm. Based on the set point and dimensions of the fume hood, it was determined 

that  the  face  velocity  of  the  air  was  approximately  125  ft/min,  though  Brown  standards 

stipulate using a face velocity of 100 ft/min.  

 

The annual flow rate for VAV systems is defined in Equation 2: 

 

% %            (Eqn. 2) 

 

Where QSO is the airflow rate of the fume hoods with the sash completely open and QSC is the 

airflow rate of the hoods with the sash closed; the respective quantities are defined below.  

 

	 	 9           (Eqn. 3) 

	 10%	 	 	 	       (Eqn. 4) 
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Even when  the  sash  is closed,  some minimum airflow must be maintained  through  the  sash, 

making QSC necessary. This minimum airflow  is maintained through gaps at the bottom of the 

fume hood sash that cannot be closed by the user. QSC is based upon the number of air changes 

that must occur  in an hour  in the  laboratory, which depends on the chemicals being used and 

types  of  experiments  performed  in  the  building;  generally,  for  safety  purposes,  fume  hoods 

require between 150 and 375 air changes per hour.17  

 

	 	60	 		 → 	        (Eqn. 5) 

 

Where ACH  is the number of air changes per hour and V denotes volume of air  in  ft3  flowing 

through the hood. In Equation 5, Q is measured in cfm. The minimum QSC for the VAV cases was 

determined based on the safety  limits using the upper end of the aforementioned range. The 

hoods in the building are four feet wide, so V was found to be approximately 26.7 ft3.  

 

200	           (Eqn. 6) 

 

To  compare,  based  on  the  set  points  currently  in  place  and  energy  data  provided,  it  was 

determined that there are currently about 1,406 air changes taking place every hour within the 

fume hoods in the building, exceeding safety regulations. Part of the reason that this number is 

so high  is due  to  the high  face velocities being used  in  the building. To reduce  this minimum 

airflow  rate,  the  face  velocity  will  be  decreased  to  60  fpm,  which  was  used  in  all  airflow 

calculations for the VAV cases.   Many other facilities, starting with DuPont  in the 1960s, have 

successfully  used  reduced  face  velocities  around  60  fpm.18  The  annual  airflow  rates  are 

summarized in Table 2. Example calculations are in Appendix A.  

 

Table 2. Airflow Rates 

Case  Q annual

Case 1: Current Situation  750  

Case  2:  VAVs  with  reduced  face  velocities. 

Fume hood sashes open all of the time 

360  

Case 3: Fume hood  sashes will be open all of 

the  time  that  researchers  are  working  (8 

hrs/day, 40 hrs/week) 

237  

  

Case  4:  Fume  hood  sashes will  only  be  open 

when they need to be (2 hrs/day, 10 hrs/week) 

209  
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To calculate the payback period for replacing the VAV, the costs of operating fume hoods were 

assumed  to be $5/cfm‐year. Brown’s costs are between $4.50‐$6.70/cfm‐year, depending on 

which  building  the  fume  hoods  are  in.19  The  differences  in  cost  can  be  attributed  to 

discrepancies  in conditioning set points and overall efficiencies of systems. The costs for each 

situation, based on the airflow rates in Table 2, are summarized in Table 3.  

 

Table 3. Costs of Operating Fume Hoods 

Case  Cost 

Case 1:  $3,750 	/	 	h  

$3,750 37 	h $138,750 
Case 2:  $1,800 /	 	h  

$1,800 37 	h $66,600 

Case 3:  $1,183 /	 	h  

$1,183 37 	h $43,758 

Case 4:  $1,046/	 	h  

$1,046 37 	h $38,690 

 

Costs for replacing CAV hoods with VAV hoods are  listed  in Table XX. The total cost,  including 

initial purchasing investment and maintenance costs, are between $10,100 and $16,100. 

 

Table 4. Costs of Replacing CAV Hoods with VAV Hoods20 

Line	Item	 Cost	

Controls to moderate exhaust air  $2,000‐4,000 
Controls to moderate supply air  $2,000‐4,000 
Installation  $1,000‐2,000 
Controllers  to  ensure  communications  with 
automation system  

$1,000‐2,000 

Controls  for  every  exhaust  and  supply  duct 
into  each  space  (for  each  ducted  space, 
approximately every 2 fume hoods) 

$1,000‐2,000 

Maintenance  $100‐500/year 
Total Initial Cost (per fume hood)  $6,500‐12,500 + maintenance 
Total Cost (Including maintenance for  lifetime 
of 10‐12 years) 

$10,100‐16,100 

 

With the above costs of operation and costs of  installing the new hoods, the payback periods 

for each case were determined, as shown in Table 5. 
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Table 5. Payback Period 

Case  Savings/Payback Period 

Case 2  Savings per hood = $1,950 

Payback period = 5.2‐8.3 years 

Case 3  Savings per hood = $2,567 

Payback period = 3.9‐6.3 years 

Case 4  Savings per hood = $2,704 

Payback period = 3.7‐6.0 years 

 

Recommendations	
 

As  shown  above,  replacing  the  CAV  hoods with  VAV  hoods  can  result  in  significant  energy 

savings and economic benefits. These results will be maximized, making the plan most feasible 

in Case 4, when the fume hoods are closed as much as possible and the face velocity reduced. 

For  the  fume  hood  sashes  to  be  kept  closed,  a  plan  to minimize  the  sash  opening must  be 

implemented. The principal methods  to manage  fume hood openings  include behavioral and 

administrative  controls,  technologies,  or  an  approach  featuring  a  combination  of  these  two 

methods. 

 

Automatic	Technologies	
 

Several automatic technologies have been developed with the intention to keep the sash closed 

for as much  time as possible. They essentially have a  form of occupancy  sensor,  so  the  sash 

rises open only when someone  is present at the fume hood. Oak Ridge National Laboratory  in 

Tennessee developed the first notable automatic technology in 1947 because its scientists were 

working with  radioactive materials  and  the  laboratory wanted  to  ensure  the materials were 

well contained. The technology featured a step‐up platform—users had to step up onto a level 

and  the  fume hood  sash would open. As  soon as  they  stepped down,  the  sash would  close.  

Another  technology  that  is  being widely  used was  developed  by  Swiki  Anderson  and  had  a 

pneumatic  system  with  occupancy  sensor;  this  technology  has  been  updated  by  other 

companies since it was first developed.21 

 

Some other  technologies have also been developed  that aim  to  reduce air  flow  rate without 

necessarily targeting a lower average sash height opening. For example, the U.S. Department of 

Energy  Lawrence  Berkeley  National  Laboratory  has  in  recent  years  developed  the  Berkeley 
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Hood. The Berkeley Hood has small supply  fans  located at  the  top and bottom of  the hood’s 

face. Air  is pushed  into  the hood and directly at  the user’s breathing  zone,  setting up an air 

divider at the hood opening. The exhaust  fan  is then operated a  lower  flow rate and, overall, 

less air flows into the flow and the conditioning load is decreased.22 It is still being tested, but 

preliminary field tests have validated its performance. 

 

Automatic technologies have traditionally not had exemplary success rates. This trend has been 

attributed mainly to a lack of obvious benefit to the user and cost of the investment. Users find 

automatic  sash  technologies  frustrating  because  they make  experiments  harder  to  perform. 

Because  there  is  a  lack  of  knowledge  in  the  laboratory  community  about  the  energy  use 

associated with and safety implications of keeping fume hood sashes open, users often do not 

recognize  the benefit of  the automatic  technologies and  there have  cited examples of users 

asking building operators to disable the technologies. Because  laboratories are built to create 

an environment  conducive  to  research,  technologies  that make  it more difficult  for users  to 

work are counterintuitive. Additionally, most of these technologies have an initial investment in 

the  range  of  approximately  $4,000  and  incur  high maintenance  costs  during  their  lifetime 

because  they make  the  system much more  complicated.23 Purchasing and maintaining  these 

technologies would therefore add significantly to the payback period. If only the  initial cost of 

$4,000 for an automatic technology set‐up was added to the cost of replacing the CAV hoods 

with VAV  hoods,  the  longest  payback  period would  increase  to  10.3  years  and  the  shortest 

payback  period  for  Case  4 would  become  7.4  years. Automatic  technologies  could  be more 

effective and be seen less of a detriment to research if paired with an educational program that 

taught users the benefits of the technology and keeping the sash closed. However, because of 

the increase to the payback period, automatic technologies are not seen as the best option to 

manage fume hood use; instead, behavioral controls should first be tried because there is less 

of a risk associated with them. 

 

Case	Studies	of	Behavioral	Change	
 

A behavioral change program is recommended to minimize the time that the fume hood sashes 

are open. According  to  researchers at  the American Council  for an Energy Efficient Economy, 

behavioral  programs  are  defined  as:  “any  type  of  energy  efficiency  program  [that]  involves 

intervention  to  influence participant   behavior.”  24 The main advantage of behavioral change 

programs targeted at fume hood use is that they are very inexpensive to implement; there has 

also been proven success in various case studies. Furthermore, people are generally unaware of 

fume hood energy use and the safety implications, signifying that there is a knowledge gap that 

behavioral change programs can potentially fill and an opportunity to change people’s habits.  
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and probably do not spend the most time at the fume hoods. Communication should be made 

as directly as possible with the researchers and people who use fume hoods the most. 

 

Massachusetts  Institute  of  Technology  (MIT)  Department  of  Chemistry  initiated  a  campaign 

that used monthly reports with average sash position data sent to the PIs of laboratories as the 

main feedback mechanism. Data was collected every fifteen minutes by automatic sensors. No 

social cues, like the magnets used at other schools, were explicitly designed into the campaign. 

One reason for this was because large prompts were viewed as impractical and detrimental to 

research.  The  program was  determined  to  be  highly  effective with  the  average  sash  height 

lowered by 26%.31 Studies of the program have shown that the feedback mechanism was highly 

effective and deemed the program to be akin to programs that send electric bills with use data 

and comparisons to neighbors, such as the program piloted by OPower. Another factor that was 

deemed  crucial  to  the  success was  strong  support of  the  faculty  and department head.  The 

program  was  initiated  after  an  undergraduate’s  thesis  demonstrated  the  potential  energy 

savings in laboratory buildings; the student’s advisor passed on information to the Department 

of  Chemistry  director  and  action  began  soon  after.32 Having  a  program  start  from within  a 

department  and having  support  from  central  authority  figures was  considered  crucial  to  the 

success of the program. 

 

The  three  described  behavioral  changes  programs  were  all  deemed  successful  by  their 

implementers. Their experiences highlight important lessons for successful programs:  

1. Engage  the  researchers. Harvard’s  use  of  a  competition  and  prize  engaged  all  of  the 

researchers and appealed to their competitive spirits. MIT did not use stickers on fume 

hoods because researchers thought it would be impractical and distract them from their 

work. Building occupants  should  therefore be preliminarily  interviewed  to make  sure 

any  efforts  would  not  be  detrimental  to  work  and  appropriate  social  marketing 

techniques are selected.  

2. Use  visual  cues. Visual  cues  seemed  to work well as  continual  reminders. Visual  cues 

should  be  simple,  eye‐catching,  vivid,  and  demonstrate  negative  consequences  of 

keeping fume hoods open with simple quantitative figures.  

3. Feedback mechanism.  A  feedback mechanism  should  be  employed,  like  the method 

used at MIT, so that researchers can often see the results of their efforts.  

4. Communication.  The  program  should  not  rely  on  only  one  or  few  people  in  each 

laboratory, like the PI, to disseminate information. It is important to have support of the 

central  authority  figure,  but  the  people  using  the  hoods  should  be  directly 

communicated with as much as possible. For example, email  reminders could be sent 

directly to all of the members of the entire laboratory, as opposed to the one person of 

the laboratory, who would need to be relied upon to pass along the information.  
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5. Central  Authority  Figures.  Garner  support  from  central  authority  figures  within  the 

laboratory,  so  they  can  be  relied  on  for  communication  if  necessary  and  encourage 

researchers to close fume hood sashes.  

6. Education  and  training.  At  the  onset  of  the  campaign,  building  occupants  should  be 

provided with best practices for fume hood safety and energy savings. Occupants should 

have access to the  information throughout and after the campaign. Fume hood safety 

should also be included in initial laboratory safety training that all laboratory users must 

undergo to reinforce the importance of these efforts.  

7. Ongoing Campaigns. If a campaign  is successful, building occupants will hopefully have 

formed energy‐savings habits and keep closing fume hood sashes. However, there  is a 

high turnover rate in university laboratories due to the constant influx of graduate and 

undergraduate  students,  so  repeat  campaigns may  need  to  be  performed.  Periodic 

reminders  can  also  reinforce  the  original message  to  building  occupants  who  were 

present during the campaign, so good habits continue. 

 

Implementing	an	Effective	Behavioral	Change	Program	at	Brown	
 

Steps for an effective behavioral change program are33:  

1. Identify barriers and benefits  

2. Develop Strategy 

3. Pilot, evaluate, adapt 

4. Implementation  

5. Continuously monitor and adapt 

a. Resend message 

 

1. Identifying barriers and benefits 

 

Identifying  barriers  and  benefits  also  requires  understanding  the  context  for  which  the 

behavioral  change  program will  be  implemented  in.  For  this  program,  barriers  and  benefits 

have been preliminarily identified by the economic analysis above. Preliminary interviews have 

also been done with a PI of a  laboratory  in the building, as well as several graduate students 

and  research  assistants,  because  an  effective  behavioral  change  program  will  engage  the 

participants and understand  their  research habits  to best  target ways  to  change  them. Early 

interviews indicated that building occupants on the third and fourth floor of the building (each 

floor houses a different laboratory and all are fairly separated) do not know the energy savings 

possible by  and  safety  implications of  closing  fume hoods;  after hearing  about  the potential 

energy savings, all students questioned stated they would try to close the fume hoods. A PI that 



 

was  inte

change p

favorably

 

A researc

savings c

hoods in 

he  found

showed t

floor,  tho

data  is n

anecdote

enough t

of engag

forward. 

 

Figure 8. 

 

Table 6. In

Floor 

3rd  

4th  

5th 

 

To fully c

were  tak

rviewed, Ar

program  and

y.  

ch assistant 

campaign a f

his laborato

d  out  the  h

that hoods o

ough  the ho

eeded to co

e demonstra

to even take

ging the buil

 

Example of S

nitial Baselin

complete th

ken on  three

t Salomon, 

d  competitio

on the fifth

few years ag

ory. Howeve

hoods  in  th

on the fifth 

oods on  the 

onfirm this t

ates  that  so

e the initiati

ding occupa

Sticker Curren

e Data 

Ave

8.5

11 

7.2

is step, mor

e separate o

was also ve

on  and beli

 floor of the

go. He affixe

er, the camp

he  building 

floor had a 

fifth  floor a

trend. Prelim

me people 

ve and atte

ants and for 

ntly Affixed to

erage Sash O

5 in 

in 

25 in

e baseline d

occasions, a

ery enthusias

eved  the m

e building ha

ed stickers, 

aign did not

were  CAV. 

lower avera

are generall

minary meas

in  the build

mpt a camp

at  least som

o Fume Hood

Opening

data needs t

Friday afte

stic about  t

members of 

ad actually a

like the one

t go very far 

Neverthele

age sash hei

y used mor

surements a

ding have an

paign. Such t

me of them 

d in 70 Ship S

o be collect

ernoon, Tues

Kruk

he potentia

the  building

attempted to

e  in Figure 8

and he did 

ess,  baseline

ght than tho

re  frequently

are displayed

n  interest  in

traits increa

to really pu

Street 

ed. Collecte

sday mornin

kowski and M

Page 20

l of a behav

g would  res

o start an en

8, to some o

not push it w

e  measurem

ose on any o

y. More bas

d  in Table 6

n energy  sav

se the possi

ush the camp

d measurem

ng, and Thu

Miller 

of 30 

vioral 

spond 

nergy 

of the 

when 

ments 

other 

seline 

. This 

vings, 

ibility 

paign 

 

ments 

rsday 



Krukowski and Miller 

Page 21 of 30 
 

morning. Data should be collected every day of the week, morning and afternoon (after most 

researchers leave for the day), to better understand what the fume hood usage patterns are.  

 

2. Develop Strategy 

 

It  is  recommended  for  the  campaign  to  use  many  strategies  that  other  schools  have: 

combination of visual cues, social marketing techniques, education, competition, and feedback. 

Visual  cues would be affixed  to  the hoods;  flyers with  safety and energy  facts  could also be 

posted around  the  laboratory.   The  flyer would  include other best management practices  for 

fume  hoods;  some  other  tips  include  not  storing  chemical  in  the  fume  hoods,  keeping  the 

experimental set‐up at  least six  inches away from the face of the hood, and ensuring that the 

exhaust  is  working  before  starting  work.  Appendix  C  contains  example  visual  aids.  A 

competition should be started after building occupants receive  information about  fume hood 

safety and energy savings.  Ideally, a prize (for example, pizza party or wine and cheese party) 

would be available  for  the winning  floor. The  floor  that has  the greatest percent decrease  in 

sash  height  opening would win. Researchers  should  receive  periodic  emails  reminding  them 

about the competition.  

 

The  previous  campaign  also  provided  the  chance  to  interview  building  occupants  regarding 

what they felt about the stickers affixed to the hoods. Some researchers complained that they 

were  a  bit  of  an  annoyance  because  some  had  been  placed  in  the  center  of  the  glass, 

obstructing the  line of vision. A campaign that  includes stickers would therefore need to affix 

the visual cues closer to the edge of the fume hood or on the edge.  

 

Data would be collected through an automatic computer program already  in place. According 

to  the mechanic  of  the  building,  Bruce  Shakan,  the  program  can  be  set  up  to  collect  data 

detailing the volumetric flow rate over an interval of time; Division 9 of Facilities Management 

(Norman Gonzalez) would be responsible for changing the interval of the program. Data can be 

collected  every  fifteen  minutes  for  every  fume  hood  in  the  building  and  is  automatically 

plotted, which will give a good  indication of how open or closed  the  fume hoods are. These 

weekly or monthly datasets, along with energy savings information and rankings of the floors in 

the competition, should be provided to the PIs of the  laboratories, as well as hung on bulletin 

boards  in  the  elevators,  so  the  PIs  do  not  need  to  be  relied  on  for  disseminating  the 

information.  

 

3. Pilot, adapt, evaluate; 4. Implementation; 5. Continuously monitor and adapt 
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Appendix	A:	Fume	Hood	Calculations	
Airflow	Calculations	
 

Case 2: Fume hood sashes are fully open all of the time 

 

360	  

 

Case 3: Fume hood sashes will be open all of the time that researchers are working (8 hrs/day,  

40 hrs/week) 

 

2000
8760

360
6760
8760

200 237	  

 

Case 4: Fume hood sashes will only be open when they need to be (2 hrs/day, 10 hrs/week) 

 

500
8760

360
8260
8760

200 209	  

 

Cost	Calculations	
 

Average cost: $4.50‐$6.70/cfm‐year on Brown’s campus. Assume average $5/cfm‐year 

 

Case 2: 

660	 	
$5

$3,300 

$3,300	 	37	 	 $122,100 
Case 3: 

279	 	
$5

$1,395	 

$1,395 	37	 	 $51,615 
Case 4:  

195	 	
$5

$975 

$975	 	37	 	 $36,075 
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Unpacking the Growth Machine: 
Exploring Urban Development Politics in Providence through the Greening of the Knowledge 

District Project  
Marcelo Bohrt and Jamie L. McPike 
Political Ethnography, Spring 2011 

 
Introduction 

“Providence is the type of place where you can push a little and something will give.”  
–Chris Bull, Brown University 

In the small “city-state” of Providence, the ability to impact the political arena seems, for many, 

largely within reach. Compared to cities like Boston where the ability to effect political change 

seems unobtainable, for some Providence locals the city is a place where “you can push a little 

and something will give.” This seems to be the mantra of the team involved in the Greening of 

the Knowledge District (GKD) pilot project. Despite the fact that they are a small team, 

comprised of six core members from Brown University, University of Rhode Island, and the 

Providence Department of City Planning, this group has lofty goals. As Chris Bull (Senior 

Research Engineer at Brown University) explained at an early GKD pilot directors meeting, the 

project was created with the initial goal of collecting statistical data on energy usage, materials, 

people, and the economy of the District. Ultimately, however, the team planned to develop a 

model for sustainability that would “push the [Knowledge] district in a sustainable direction,” 

“benchmark the Knowledge District,” and “create a model of sustainability” that would later be 

adopted by the city of Providence and serve as a guide for other cities in the United States.  

By analyzing both the micro-processes of the GKD project in conjunction with an 

analysis of the macro-processes of the urban development of Providence as a whole, we were 

able to apply a highly “reflexive model of science” (1998:5) that examined the GKD’s impact in 

relation to the historical and contemporary development politics of the city. The collaborative 

nature of this ethnography, and the constant reflexivity that became characteristic of this 

collaboration, allowed us to examine not only the purpose of the project and how the group 



 Bohrt and McPike | Page 2  

sustained itself, but also how the GKD competes with other actors in Providence for power over 

the future direction of the District. The analysis for this paper is based on three months of 

ethnographic field work involving participant observation of the GKD weekly meetings, 

intensive interviewing of the GKD team, city planners, and other individuals involved in 

Providence’s development, and observations from public forums and city planning events. While 

we were often present at many of the same GKD meetings and events, we also spent a significant 

amount of time working independently, collecting qualitative data from a range of sources 

around Providence and throughout the New England area.  

To better understand where the Greening of the Knowledge District project fits in the 

larger context of Providence’s urban development, we begin by outlining a brief history of the 

district. Drawing from urban growth regime theories and theories of group formation, we 

identify the characteristics of urban growth coalitions, and then examine how the GKD group 

was originally formed, for what purpose, and how it relates to other growth coalitions operating 

in the city. While theories of group formation allow us to examine the origins of the GKD, we 

find this theoretical approach unsatisfactory for understanding how the GKD engages with the 

broader “field” of economic development in Providence. Therefore, to examine the strategies and 

actions of the GKD within the field, we apply a Bourdieuian framework, allowing us to see the 

GKD’s relative power position within this field and how this changes over time. Observations 

from our field work are applied to these analytical frames throughout, with the ultimate goal of 

uncovering the various actors engaged in the political economy of urban development in 

Providence. We conclude with some remaining questions regarding the future of the District, the 

GKD, and the role of other emerging and highly influential growth coalitions in the city. 

History of the Knowledge District  
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The area known as the “Knowledge District” is a largely underdeveloped area bordering the 

Providence waterfront, the south side neighborhood, the hospital district and the west end. The 

area is home to a children’s museum, a strip club, a brewing company, art non-profits, university 

dormitories, residential lofts, hospitals, biomedical firms, and academic buildings associated with 

Brown University and Johnson and Wales University1. While the exact moment when 

Providence’s new “Knowledge District” (KD) was created is unknown, one fact remains clear: 

the importance of developing this area has caught on quickly.  

In early 2010, former Providence Mayor David Cicilline proposed a $460 million plan to 

develop the area’s public infrastructure (including a pedestrian bridge and a public transportation 

system), the private infrastructure (including a handful of new research laboratories), and the 

cyber infrastructure (that would ultimately increase connectivity to the research laboratories in 

the area) (Marcelo 2010). In late 2010, with the transition to the new political administration 

under Providence Mayor Angel Taveras, plans for the development of the area progressed even 

further. Since his move into office Mayor Taveras has pushed for new legislation that would 

streamline development of the KD once the removal of the I-195 highway is complete. This 

policy proposes the creation of an integrated land management system that will “focus initially 

on the development of Providence’s emerging Knowledge District, where it can be used for 

everything from streamlining permitting, to marketing the land…and tracking progress in 

greening the district” (City of Providence 2011). Once the removal of the highway is complete, 

19.2 acres will become available for development, making the total Knowledge District area 

roughly 35 acres in the heart of downcity2 Providence.  

                                                
1 See Appendix B for a map of the Knowledge District. 
2 We are choosing to refer to downtown Providence as “downcity” Providence, a locally used name for the area 
designated as downtown Providence. 
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Despite the central role of the Mayor’s office in developing the Knowledge District, there 

are a handful of other meaningful actors involved in the development of downtown Providence. 

In an email conversation with one local developer, he remarked that the “natural players” of the 

development of Providence include: neighborhood associations; the Providence City Planning 

Department; “innovative” new urbanist developers (like Cornish Associates); the Providence 

Preservation Society; local community development corporations; the city council and the 

Mayor’s office; and a “new generation of private developers”3. While not every group on this list 

is involved to the same extent in the development of the KD, those seeking to develop the KD 

must also legitimate their development plans to this larger group of influential actors. The 

creation and development of a unified district that brings together these diverse groups and 

satisfies the goals of each actor, therefore, involves a creative process of coalition formation. To 

further understand the purpose of these coalitions, the GKD, and how and why they form we 

now turn to theories of urban political economy and coalition formation. 

Theoretical Framework of the GKD 

Urban Growth Regimes in Providence, RI 

Cities are more than the built environment; cities are highly social landscapes shaped by a 

variety of actors in competition over the form of urban spaces. Those who emphasize political 

economic mechanisms as driving the shape of cities argue that all urban land has both a use and 

an exchange value (Logan and Molotch 1987:1). Within cities there are actors that seek to 

maximize the exchange value of the urban landscape (typically by generating profits from urban 

development schemes and/or urban rents), while others seek to preserve the use value of the city 

(for example, preserving the history of the city or emphasizing values of community, etc.) (p. 

                                                
3 Noticeably absent from the list offered by the local developer are the universities who also play a critical role in 
the development of downcity Providence, particularly the Knowledge District. 
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12).  It is this fundamental tension between the maximization of profit and the preservation of 

livable cities that ultimately shapes the landscape of cities (p. 12). 

Due to the highly differentiated nature of the urban social environment, those seeking to 

maximize exchange values are more effective in achieving their goals when they form “urban 

policy regimes” (Dowding 2001) or “growth machine coalitions” (Logan and Molotch 1987). 

While some argue the ubiquitous use of the term growth “regime” has contributed to a blurring 

of its originally intended definition (Mossberger and Stoker 2001), regime theorists identify 

several attributes of growth regimes that prove valuable when attempting to identify the different 

growth regimes/coalitions operating within the city of Providence (Dowding 2001; Dowding et 

al. 1999; Mossberger and Stoker 2001). Operating with “distinctive policy agenda[s]” (Dowding 

2001:14), urban regimes are “sustained by a coalition of interests or personnel not formally or 

fully specified in institutional structures” (p. 14). These coalitions are characterized by “strong or 

exceptional leadership, capable of entrepreneurially assembling an unusual coalition” in pursuit 

of achieving various growth goals for the coalition (p. 14). These coalitions are assembled under 

the guise of pursuing a common ideology (Dowding 2001; Dowding et al. 1999), and for urban 

growth coalitions, this ideology is significant in the fact that it tends to “deemphasize the 

connection between growth and exchange values and to reinforce the link between growth goals 

and better lives for the majority” (Logan and Molotch 1987:62). Within the Knowledge District, 

these discourses are rarely, if ever, completely disconnected, but there are instances where 

discourses that emphasize the importance of environmental sustainability and sustainable growth 

are employed separately from discourses about economic growth of the district. Overall, these 

ideologies prove incredibly important in the formation and maintenance of the GKD group and 

other growth coalitions operating in Providence. 
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The Formation of the GKD 

Latour (2005) tells us that the formation and stability of groups cannot be taken for granted. The 

making and remaking of groups requires productive labor and is filled with controversy. Groups 

need a spokesperson that speaks for its existence, defines it, justifies it, and with the help of 

recruiters, staffs it, as well as anti-groups and devices that delineate its boundaries and make 

them durable. Mosse (2005) builds on the group formation process by pointing at four processes 

by which political support is gathered and coalitions are formed around project designs 

(2004:35). First, a frame must be made dominant through the exclusion of other frames. 

Ambiguity and strategic silences reconcile diverse interests and goals, maintain unity, and ensure 

simplicity. Then, the problem-solution is marketed through persuasion, and roles and 

expectations must be formalized in a document, offering a ‘recall effect’. Finally, the formalized 

goals and roles are used as a negotiation tool for future debate, holding everyone accountable. 

Central to the making of development technologies is the inherent inequality of the process, 

which occurs among unequal groups – some dominate and others are dominated (2004:40). 

These processes can be observed within the GKD, where, as hinted earlier, ambiguities, strategic 

silences, diverse interests, and documents abound, and particular members rally allies and 

exclude others.  

Adopting the methodological approach proposed by actor-network theory (ANT) and the 

sociology of translation, we hope to illuminate not only how growth coalitions are formed, but 

also the formation of the aggregates of individuals, like organizations and initiatives, such as the 

GKD, that come to form part of them. Moreover, this approach can help us trace the production 

of economic growth technologies and the construction of growth coalitions “in which entities 

mutually control who they are and what they want” (1986:6). We do not stay true to Latour 
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(1986), however, since we do not focus exclusively on description and borrow only bits and 

pieces of his approach. 

The Importance of Ideology in the GKD Formation 

The central and highly critical element to the theoretical approaches discussed above is the need 

for a specific ideology that groups utilize strategically to both attract group members and 

strengthen their coalition. Application of regime theory and actor-network-theory to the 

Greening of the Knowledge District (GKD) pilot project typifies the GKD as a growth regime, a 

group with anti-groups, operating within the city of Providence. The GKD meetings center 

around goals to develop local partnerships and coalitions in pursuit of the GKD model. This 

model is justified through common ideologies of “benchmarking the Knowledge District”, 

“improving the sustainability profile of the Knowledge District”, and “creating a more 

sustainable and economically attractive Knowledge District”.  

Despite the more central role of Brown University, University of Rhode Island, and the 

City Planning Department in the GKD coalition, institutional ownership of the GKD is deferred 

to the Ocean State Consortium of Advanced Resources (OSCAR), a statewide non-profit that 

brings together various actors in pursuit of different “collaboratory” projects (OSCAR 2011). 

OSCAR has no formal institutional lineage and, as such, operates as an independent group 

bringing together a wide range of actors in pursuit of common, non-partisan goals. During the 

GKD meetings no central organization claims rights to the GKD, and instead the GKD Directors 

spend considerable time emphasizing the highly collaborative nature of the GKD and attempting 

to rally potential partners from around the city to further strengthen its inter-disciplinary image.  

The Greening of the Knowledge District operates through a unique discourse that is 

highly effective in attracting partners because it builds on larger, citywide, regional, and national 
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discourses about the future of urban development. “Smart cities” with “knowledge economies” 

not only operate more efficiently, but they also attract a new generation of creative workers and 

young consumers. This “creative class” refers to “the highly-skilled, entrepreneurial and highly 

educated” (Zimmerman 2008:230) segment of the American labor force that creates new ideas, 

new technologies; this group is generally comprised of scientists, academics, and artists among 

others (2008). This creative class is young, hip, and most importantly highly mobile, seeking 

places with plenty of creative work opportunities.  

In the case of Providence, it can be argued that the discourse around urban development 

has been subsumed by the need to attract a “creative class.” Recently, when asked about the 

choice for the name of the Knowledge District, the President of the Providence Chamber of 

Commerce emphasized this class: “in marketing to newcomers from out of state, it is critical to 

give them an easily identifiable picture of the area…Including the word knowledge suggests an 

innovative place with emerging companies and lots of young people. That’s a powerful selling 

point” (Needham 2010, emphasis added). Words like “creative”, “smart” and “knowledge” help 

to brand the city, to ideally attract a young, talented workforce, and to cement the group 

formation process discussed above. The vagueness and ambiguity of these terms allows for 

multiple actors to come together in the pursuit of creating a “smarter city”, developing a 

“Knowledge District” and producing a “Creative Capital” (Mosse 2005). This discourse is 

evoked to gain further resources for regimes (like the IBM Smarter Cities grant) or, more 

commonly, it is used to legitimate the need for future urban development projects (like the 

Providence Core Connector project). 

The use of the terms “knowledge,” “innovation,” “creativity,” and “green” is ubiquitous 

not only in Providence, but also in urban planning circles throughout New England. At the 
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annual New England Chapter for New Urbanism Sustainable Development conference, the 

Mayor of New Haven gave a keynote speech, during which emphasized “knowledge is key 

now.” During his twenty-minute speech, a significant portion was dedicated to asserting the need 

for a knowledge-based economy and community. For the Mayor, the key to smart, sustainable 

urban growth is “investments in people, not infrastructure.” While New Haven has yet to develop 

its equivalent of Providence’s “Knowledge District,” Boston has adopted the “knowledge” 

discourse, creating a new “Innovation District” that is expected to rival the KD. The Director of 

Long-Range Development for the City of Providence Bonnie Nickerson articulated this trend 

during a recent interview. She mentioned how the city of Providence is working on a variety of 

projects (like the Core Connector) in an effort to attract financial investment. The types of 

businesses they seek to attract are those that are “coming up with patents,” “life science-related 

businesses,” and businesses with an emphasis on “sustainability.” By adopting this widely used 

discourse, the KD can attract a broad group of actors committed to similar goals for urban 

development. The ambiguities of terms like “sustainability” and “innovation” allow for different 

groups to interpret how these goals meet their unique needs.  

Other Ambiguities in the GKD Project 

The ambiguity of the discourse employed by the GKD group is effective in attracting a diverse 

group of stakeholders because it builds on existing discourses that are both widely used and 

sufficiently vague, and are therefore successful in attracting the interests and goals of various 

organizations. However, the discourse and ideology of the GKD group was not the only source 

of ambiguity. The ambiguities over the GKD’s data collection model as well as the boundaries of 

the KD became evident throughout different stages of the project’s development. In the early 

stages of the project, the model was a highly ambiguous tool that would aid Providence and other 
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cities in the development of more “sustainable,” “green” cities. However, different groups had 

varying conceptions of the form and purpose of the model.  

Repeatedly, we have also observed the ambiguity and flexibility of the meaning of “the 

model” within the group. In several planning and proposal-writing meetings, two slightly 

different conceptions of the model were voiced. Chris described the model as a complex 

statistical model that the data would enable GKD to construct in order to understand 

sustainability. Betsy, the project coordinator, and to some extent, Kathleen, instead view the 

GKD as the model itself, representing a model of organizing and connecting individuals to 

address problems. The organizational and the statistical characterizations of “the model” have 

caused confusion among the directors in the project design, yet both distinct views coexist 

peacefully, unlikely to trouble participants. The plasticity and porousness of the model, the 

openness of the language, we believe, helps keep the diverse members, and their particular 

interests, on board.  

The ambiguity of the model is not the only major ambiguity facing the GKD team. The 

boundaries of the Knowledge District also represent important points of contention and 

confusion for the group in relation to the rest of the city. Recently, Chris met with Darrell Lee, a 

prominent developer working on the south side of Providence. Chris mentions that Darrell is a 

“political guy,”  and Chris recalls the conversation and mentions how Darrell has a strong 

interest in making his building (located near the intersection of Gordon Street and Public Street) 

part of the Knowledge District. Chris tells us that he informed Darrell that he was not sure 

whether the boundaries of the KD could be changed. Darrell responded quite matter-of-factly, “I 

can take care of that.”  Chris’s conversation with Darrell highlights a unique problem with the 

Knowledge District. Dave, from the City Planning Department, describes during one meeting 
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how the District encompasses a handful of politically distinct districts, yet on its own it has no 

political identity or legitimacy. This lack of political uniformity creates opportunities not only for 

ambiguities in the boundaries of the district, but also in ambiguities over the ownership of the 

district. However, this lack of a uniform “neighborhood” allows the entry of a variety of actors, 

with varying interests, to work for the development of the district. 

 Seeing the Economic Development of Providence as a Field  

As mentioned, Logan and Molotch’s (1988) growth machine framework tells us that urban 

economic development efforts are driven by entrepreneurs seeking to maximize the exchange 

value of land, in whatever for form. However, as the act of rising property values mobilizes a 

series of actors in the process, economic development cannot be simply equated to the land 

market. Growth coalitions are not only ensembles of land entrepreneurs, but they also draw a 

diversity of actors that do not seek to profit directly from rising exchange values put play the 

economic development game, such as businesses, non-profit and educational organizations, 

urban planners and consultants, among others. As a result, we find it useful to conceptualize 

urban development as a Bourdieuian (1992, 2005) field within which entities – such as local 

elites (entrepreneurs), residents, firms, etc. – compete for the monopoly to set the development 

agenda through the state4, i.e. to establish durable and effective growth regimes.  

 Bourdieu prefers the concept of field in place of apparatus, system, or machine, on the 

basis that the latter concepts all suggest common functions, internal cohesion, and self-regulation 

(1992:102).5 They fail, he argues, to acknowledge the constant struggle in which agents and 

institutions find themselves. The regularities and systematic appearance of a field are not 
                                                
4 A good guiding example of this approach is Bourdieu’s The Social Structures of the Economy (2005), where he 
conceptualizes what is generally considered a sector, single-family house market, as a field within which 
construction companies compete for market share (2005:39) 
5 When the dominant manage to crush the resistance of the dominated, movements become top-down, the field 
becomes an apparatus (Bourdieu 1992:102).  
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necessarily the products of a system, but the product of a field structured by struggle (conflict 

and competition) over some form of capital or over the rules of the game,6 the investment and 

complicity of actors (illusio), and the structure of different species of capital – social, 

informational, economic, and symbolic – that each actor has. This last, central to our analysis, 

shapes the relative force and strategic orientations of the actors (1992:99).  

Therefore, conceptualizing economic development as a field allows us to depart from a 

view of the sector as “a single agent oriented towards a common function” (2005:39-40). Instead, 

we recognize that all the actors within it, including those allied and grouped as growth coalitions, 

stand in different positions – being able to distinguish between the dominants and the dominated7 

- and have different stances and structures of capital to draw from. Moreover, another advantage 

of introducing this approach into our framework is that it gives us the ability to move up or down 

between the field and sub-field (e.g. between the international, national, and urban economic 

development fields) and between the field and aggregate of actors (e.g. between the field and a 

coalition, which can too be thought of as a field), when necessary. Finally, keeping in mind that 

city governments are fields themselves, we view the actors in relation to the state. The 

competition within the economic development field is over power over the state in the form of 

power of regulations and state interventions (2005:204).  

We can view the GKD as a competing actor within the Providence economic 

development field, but eager to compete in the national and international field. Regarding the 

group’s structure of capital, relative to what we perceive to be other actors in the local field, the 

                                                
6  “They can for instance, work to change the relative value of tokes of different colors, the exchange rate between 
various species of capital, through strategies aimed at discrediting the form of capital upon which the force of their 
opponents rests and to valorize the species of capital they preferentially possess” (Bourdieu 2005: 99). 
7 The dominant orient their forces toward strategies that seek to perpetuate their domination. Their position, pre-
eminence and seniority grants them symbolic capital that they can resort to (Bourdieu 2005:202). The dominated in 
turn seek to accumulate more capital and move up the field or change the rules of the game. They can for example 
use “social capital to exert pressure on the state and to have it modify the game in their favor” (p. 204). 
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GKD has high social capital, mainly as a result of its status as part of OSCAR. In fact, time after 

time the group has mobilized many of OSCAR’s forty-five members. This was the case when the 

group wrote an application for IBM’s Smart City Challenge, which the city was later awarded. In 

fact, during a meeting Betsy commented that the application process for this challenge 

epitomized how OSCAR is supposed to work, since they managed to generate an application 

really fast with the support of stakeholders and partners, who wrote, among other things, letters 

of support. In another occasion, the group used its affiliation with OSCAR to ensure attendance 

of key strategic organizations to a “data meeting,” through which GKD sought to rally support 

for their data-gathering efforts. In general, the group’s affiliation with larger organizations, such 

as Brown, URI, and RISD, enable it to take advantage of crucial human resources, such as 

students that gather and analyze data.  

However, its economic capital is low, at least of its own. This is evidenced by the group’s 

constant grant-writing efforts to raise funds. Between February and May, the group wrote 

proposals for two grants, making use of at least three meetings to go over the logistics of the 

proposal writing as well as time beyond the meetings for drafting and revising. However, the 

most striking example of its low economic capital is the loss of the project coordinator, Betsy, 

due to lack of funding to extent her contract. Hence, the group can count on the human, physical 

and infrastructural resources of its partners, but economic needs must be met with funding from 

elsewhere. 

Finally, the group enjoys moderate to high levels of cultural or informational capital, 

seeking to increase it through the gathering of statistical data. In terms of cultural capital, the 

group has in fact high levels. Considering only the directors, the group is composed of seven 

highly educated and professionally experienced individuals, three of which hold a doctoral 
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degree. However, the group has not yet raised the informational capital upon which it seeks to 

base its legitimacy: the data.  

The group has some legitimacy, but it is not yet a dominant actor in the Providence 

economic development field, although it is evident that it strives to rapidly rise through alliances 

and the building of an impressive curriculum vitae. Both these strategies came up in one 

directors’ meeting. In it, the directors were trying to determine the major stakeholders, i.e. the 

larger land and energy users, in the Knowledge District are, and decide who they should 

“cultivate [a] relationship with,” an expression used by Kathleen. The data collection process 

itself serves as an opportunity for strategic alliances and relationship building with valuable 

players. In the same meeting, Kathleen pointed out the need to contact a group who is applying 

to some funds from the Economic Development Administration (EDA) and “get jump into it,” 

even though the grant would probably not benefit the GKD. If no economic benefits would come 

from the grant, why spend limited time? We suspect that this alliance is likely to contribute to the 

GKD’s vitae as, if successful, it could claim having obtained a grant from the EDA, helping 

further its recognition in the field. As we have mentioned earlier, the making and remaking of 

such alliances are highly dependent on the group formation processes outlined earlier. The 

ambiguities, flexibilities, and strategic silences of these processes are crucial to the process of 

legitimation and struggle within the field.  

Naming the Jewelry District – Another Ambiguity? 

At the New England Chapter for New Urbanism Sustainable Urbanism Conference, I happened 

to meet a woman who works in the Jewelry District. A., an architect and long-time Providence 

resident, and I chat briefly before I realize she works in the District. Once I learn this, I can feel 

my excitement build. I begin to ask all sorts of questions about the name of the district, her 
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opinion on the development of the area, and what she would like to see for the future of the 

district. In response to the question about the changing name of the Jewelry District (i.e. 

Knowledge District), she shrugs her shoulders and says people in the area don’t really care about 

the name.  None of the people who are in the District have been around long enough to see the 

change in the name as relevant. As well, most of the current businesses have nothing to do with 

jewelry, so the name is basically a non-issue. She also mentions how proposed development of 

the area will not really affect any of the business owners. Most of the business owners are also 

property owners who, if anything, will benefit from the development of the area. In addition to 

an increase in property values by the development of the area, the ability for landowners to sell 

their land to the highest bidder is an incentive to encourage further development of the district. 

 While my questions to A. may have seemed strange her (who cares about the name?), 

they were informed by an earlier conversation with one of Providence’s more “innovative” urban 

developers, D. A young entrepreneur, RISD grad, and industrial designer, D’s commitment to the 

“creative” side of Providence is apparent during our conversation. He informs me that there is an 

“old guard” working in the city operating under very traditional models of economic 

development. Rather than harnessing Providence’s unique, small, artistic side, the “old guard” is 

adopting growth strategies that disconnect the city’s unique history from its future. To D., and 

many other young developers in the city, the history is what attracts other young entrepreneurs. It 

is the unique characteristics of place, not the generic adoption of trends (i.e. “knowledge” and 

“smart cities”) that attract the most innovative, creative, and talented youth.  

 “Let’s introduce ourselves as the GJD, or Green the Jewelry District,” jokes one of the 

directors at a meeting where contacting the Jewelry District Association (JDA) comes up. Unlike 

A.’s depiction, within the GKD members see themselves as a caught in the middle of a 
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controversial issue of naming. Already in our first conversation with Chris, he mentioned 

disagreements about renaming the district exist, resistance ensuing particularly from Jewelry 

District residents. In one of two tours of the district that the GKD organized, a city planner joked 

about the fact that a pub was called “The District,” pointing out that “they probably would not 

have to bother changing their name, anyway.” Dave downplays the matter. He believes it is all a 

misunderstanding, and that the Knowledge District is simply a sub-area of the Jewelry District. 

But most of the GKD members believe the issue to be important enough: one of its key allies, the 

Chamber of Commerce, which has invested much money into the marketing of the name, and a 

strategic potential ally, the JDA, are in opposing sides of this imbroglio. The dispute has had real 

consequence for the group in the past, since it opted to exclude the JDA from the alliance 

because the name problem emerged at a meeting between two of its members and some JDA 

representatives, and could not be resolved. Recently, the directors have discussed sponsoring a 

dialogue around the issue of “naming” between the affected parties to come up with an 

alternative that is agreeable to everyone.  

 The different narratives extant about the naming of the Knowledge District are not only 

illustrative of the broader ideological ambiguities and strategic silences in the Providence 

economic development field, but also of the process of group formation. In fact, groups and anti-

groups seem to be mapped along the dichotomy of being for or being against the name. 

Knowledge District, then, functions as a limes (cf. Latour 2005), or boundary, that divides 

competing growth coalitions, making the groups more durable. 
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Appendix B: Map of the Knowledge 
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District  
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