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The suburban industrial district problem remains largely
unexamined. "Industrial redevelopment" in the suburbs
conjures a variety of ideas: of older factories and industri-
al parks being plowed under to make way for shopping
malls and new subdivisions, or of brownfield sites being
reused for "big-box" retail. But this is very much an over-
simplified picture of what is happening. While some of the
early suburban "industrial parks" that were part of the
first ring expansion are being replaced, many others are
adapting and re-inventing themselves for the next genera-
tion of manufacturers. At the same time, new "business
parks"-more mixed-use in character with new "flex" indus-
trial building types or expansive "logistics centers"-cam-
puses for "just-in-time" distribution, are springing up in
the far periphery of the metropolis.

While the New Urbanists and others have explored new
ways to re-make other parts of the suburban landscape,
in particular new town centers, and residential neighbor-
hoods. They have even explored ways to re-make the
shopping mall but the industrial landscape has been
bypassed. 

Why is this important? First, because there are great
expanses of industrial land developed at some of the low-
est intensities anywhere in the suburban landscape; the
capacity of these places to absorb new growth is enor-
mous. And many of the older industrial areas, now sur-
rounded by a second wave of suburban expansion, are
strategically positioned to link a disconnected landscape.
Second, despite prejudices to the contrary, these places
should remain part of the productive landscape playing
host to a reinvigorated and re-positioned industrial sector.

So the real challenge of "industrial redevelopment" is not
to figure out how to replace industry, but to find new ways
of accommodating industry in a reconfigured edge city
landscape. One of the accepted truths of town planning is
that industry must be separated from everything else.
Now we need to ask, "How can these places be re-
designed so that they are integral to a re-connected sub-
urban landscape?"

A.  Landscapes of Production: Re-designing
the Suburbs for Industry

The challenge for industrial district redevelopment and
design in the edgeless city is to solve this basic conun-
drum: 

• One the one hand, in keeping with historic trends
and now reinforced by new development types that
are even more highway-dependent and land-consum-
ing, there is an on-going tendency to place industry in
dispersed suburban environments.

• On the other hand, for the current and next genera-
tion of manufacturers who depend on "agglomeration
economies" and flexible networks of producers
described below, physical proximity between manu-
facturers and their clients and between manufactur-
ers and their input and output partners in the pro-
duction stream still matters. Innovative manufactur-
ers thrive in environments that have the attributes of
urban locations: access to related and supporting
enterprises, a wide variety of building types and
sizes, a dense network of connecting streets to facili-
tate access to customers, labor force and transporta-
tion infrastructure.

Information technology does not necessarily make physi-
cal location irrelevant. In the case study of Raritan, New
Jersey, described in Part IV, the successful manufacturing
businesses are non-exporters. They, for the most part, are
providing services to clients within the county or neighbor-
ing counties. In New York City, proximity to the central
business district is the single most reliable predictor of
industrial job density, with 63% of industrial jobs within a
three-mile radius of mid-town Manhattan. 

It seems that many of the strategies at work in the viable
urban manufacturing districts also are needed in periph-
eral settings, including:

• the subdivision of larger structures to provide for the
needs of smaller manufacturing clusters. 

• the introduction of new structures to increase the
range of available building types. 

• the creation of new connecting networks - virtual as
well as physical - to generate some of the agglomera-
tion effects associated with urban locations. This
means:

-      optimizing relationships to the regional highway
network

-      the extension of connecting corridors from
the site to the larger context

-      the creation of virtual networks and industry
clusters

One of the biggest challenges in redesigning the industri-
al park is to reconcile the goals of creating discreet and
well-defined spaces---the foundation for any urban design---
and meeting the particular design constraints of each ten-
ant with the goal of providing flexibility for future expan-
sion. 

PART I: EXECUTIVE SUMMARY
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B.  Confronting Industrial Mixed-use: Issues
and Opportunities

There are now two generations of suburban industrial dis-
persal that must be addressed. The first generation is the
"suburban industrial parks" that were built largely for tradi-
tional forms of light manufacturing and which followed the
first waves of highway-sponsored suburban sprawl. At one
time isolated, continued growth in the suburbs has now cre-
ated a strong context for re-design and re-invention.

The second generation of industrial dispersal is even more
challenging: "Logistics centers" --- places for some mix of
final assembly, warehousing and distribution --- are even
more land consuming than the previous generation of
industrial parks and are populated by enormous structures
that are even harder to subdivide and re-use. Favoring air-
port locations and requiring optimum connection to the
interstate highways, these facilities are locating farther out
and are even more isolated. At the same time, to the extent
that the new industrial park more closely resembles an
office park, many of these new facilities are moving to the
"edgeless city" sites that may never become part of a con-
tinuous and connected landscape.

While it runs counter to 200 years of town planning prac-
tice, the creation of productive landscapes that will enable
innovation depend on re-integrating manufacturing into
mixed-use environments. This has several dimensions
including the need to revise outdated land use regulations
that have not kept pace with industry trends and exploring
new building and site planning strategies. A summary of
design issues, opportunities, and strategies includes the fol-
lowing:

Assets:

• Because the suburbs have grown up around these
places, the industrial parks have access to a sophisti-
cated and well-educated labor pool.

• These industrial parks are often located in places
where they are strategically poised to link to a variety of
resources in the immediate context that are discon-
nected.

• The typical industrial "big box" factory type, while a poor
urban form, is a flexible structure that may facilitate re-
use.

• The structures and landscaping site plans may present
opportunities for best practice sustainable design
including integrating stormwater management into
open spaces amenities and the greening of large roof
surfaces or use of solar panels. 

Design Challenges:

• Because these places were originally designed to iso-
late the uses from their surroundings, access is gener-
ally limited to one, or at most, two locations. The inter-
nal street network may be discontinuous or winding
without obvious opportunities to make connections to
context.

• The typical industrial park factory --- the single story
big box --- is difficult to integrate into a street and pub-
lic space network because of its singular orientation.
While these buildings may have an architectural front
--- a well manicured lawn and an architecturally inter-
esting front office space clipped onto the big box ---
the other sides are likely to be blank walls or back
loading docks making the creation of new spaces
along these edges difficult.

• The buildings are not well suited to current manufac-
turing uses. The huge footprints are difficult to subdi-
vide for today's smaller users because the depth of
the footprint makes access to light and air a chal-
lenge.

• The properties may have environmental challenges,
some of which may be more matters of perception
than reality.

Strategies:

• Promote a new mix of uses that exploit synergies
between new industries and other activities in the
larger community. This includes links to job training
and educational curriculum. A supporting strategy is
to make activities in the industrial park as visible as
possible. This may require changes in zoning regula-
tions.

• Transform the "big box" to make it a better participant
in the urban ensemble. Strategies, as illustrated in
the Bayer and Raritan case studies include "clipping
on" new program elements, subdividing, and cutting
new openings into the box for access to light and air.

• Create new connections from the industrial park to
the surrounding context. At the very least, this should
include new pedestrian connections from new points
of access. Where possible, make new roadway con-
nections between existing and new streets within the
industrial park and the surrounding context, extend-
ing new and existing roads.

• Create an open space network that can be the arma-
ture for future adaptation and redevelopment.
Landscape and strategic placement of new design
structures can define a clear network of new streets
and open spaces.

• Extend green systems into and through the industrial
park. Natural systems should not begin or end at the
boundaries of the industrial park, but be considered
in terms of their larger sub-regional context for water-
shed, forestation, habitat, etc.
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PART II: TRENDS IN U.S. MANUFACTURING
AND INDUSTRIAL DEVELOPMENT

Globalization and "just-in-time" distribution character-
ize today's industrial market---where efficiency in get-
ting goods to the market is of utmost concern.  This, of
course, has always been the determining factor in
industrial location but the shift from rail-dependent
locations to locations with close proximity to highways
and airports has dramatically changed the urban and
suburban landscape.  And while on the face of things,
manufacturing may appear to be dwindling, it remains
important to our regional and national economies even
as it re-invents itself as networks of smaller, flexible
manufacturers.

The National Association of Industrial and Office
Properties (NAIOP) identified nine major market trends in
American manufacturing and distribution by interviewing
the field's leading experts: 

1. consolidation of major manufacturing and distribu-
tion operations --- fewer locations and larger facilities

2. speed-to-market demands and the logistics of "just-
in-time" shipping

3. strategic importance of proximity to intermodal trans-
portation and suppliers

4. flexibility to accommodate growth and change

5. sophisticated materials handling systems that sup-
port increasing market demands for efficiency, cus-
tomization and "high touch"

6. individualized requirements that demand an "inside
out" approach infrastructure

7. access to a competitive labor market

8. a return to the urban core and adaptive reuse

9. an increased awareness of energy and environmen-
tal issues1

A. State of Manufacturing in the U.S.
Economy

American manufacturing has undergone a series of trans-
formations in the late twentieth century. Beginning in the
1970s, intensifying global competition began taking its
toll on manufacturing employment. Heavy industries, such
as auto and steel production, and industries relying on
low-cost labor, such as apparel and textiles, were particu-
larly affected. In addition, the winding down of the cold
war in the late 1980s and early 1990s brought sharp con-
tractions to defense industries like aircraft and munitions
production. Finally, new digital technologies brought rapid
changes in production processes in a wide range of
industries, an evolution that began in the 1980s and
intensified in the 1990s. Dramatic improvements in pro-
ductivity were matched by the elimination of many routine
production jobs. In the late 1990s, the industrial sector
experienced rising profitability. Employment losses
slowed, but wages remained stagnant. 

The same competitive pressures that are shifting low-cost
production overseas have also been forcing manufactur-
ing out of central cities, first to the suburbs and later to
exurban and nonmetropolitan areas. In addition, the
growth of financial, businesses and residential service in
most cities gave manufacturers increased competition for
real estate and workers.

"High technology," such as semiconductor, computer, soft-
ware, advanced electronics, scientific instrument and bio-
medical production, has been the most dynamic sector in
U.S. manufacturing. These activities have clustered prima-
rily in the suburbs of large metropolitan areas, such as
the Bay area in northern California and the Route 128
corridor near Boston. Here, these knowledge-intensive
activities can take advantage of a concentration of profes-
sional workers, universities and research facilities, good
communication and transportation infrastructure, and a
large supply of flexible production space.

Source: Bureau of
Economic Analysis.
See section notes for
definition of durable and
nondurable goods.
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B. Does Manufacturing Matter?

Unfortunately, there is a construct---as compelling as it is
inaccurate---that all cultures progress inevitably up a kind of
evolutionary ladder: from agriculture to industry to services.
Hence, the North American economy is often described as
a "post-industrial economy." In fact, it is not even "post-agri-
cultural." While it is true that the total employment and land
area in agriculture has steadily declined, agriculture as a
sector of the United States' economy has lost none of its
significance or strategic value for the security of the nation.
In support of the arguments made below, the United States
would never have developed allied industries such as heavy
farm equipment and agricultural chemicals if it did not have
an incredibly robust agricultural economy. 

In the 1980s, alarmed by the apparently willingness of the
government to forsake the United States' strategic position
in manufacturing, several economists and policy makers
began to make the case for "managing the transition" - not
the transition from manufacturing, but the transition to new
forms of organization and new models for innovation. The
national case for manufacturing includes the fol-
lowing:

You lose control of what you can't make.  

Technological innovation and research and
development is not a free-floating lab activity,
but tied directly to the factory floor.  For exam-
ple, in consumer electronics American firms lost
a base from which to innovate for the next gen-
eration of products. Also, American firms were
denied experience with products that contained
the technologies critical to more sophisticated
final products. For example, by largely conceding
the manufacturing of televisions, there was a
loss of know-how to develop VCR's. In addition,
the United States military is now raising con-
cerns about how to maintain national security
when many defense parts are manufactured by
other countries. 

The rents from innovation - the exceptional gains on
which high profits and high value added are based - are
realized in producing the goods, not in selling the tech-
nology. 

The seller of technology cannot establish a strong bar-
gaining position. Selling technology involves enormous
uncertainty and risk. Without the product it is difficult to
establish its value in the marketplace. It may be neces-
sary to create a market for a product to explain the use
and value of a new product to potential consumers. Then,
how does a technologist sell the technology without giving
away the fundamental base knowledge? Finally, the bene-
fit to the nation of an innovation depends on volume of
exports and length of time that it holds the advantage.

Manufacturing, more than any other sector, has both
weak and strong linkages to other sectors in the econo-
my.

The diffusion of technological innovation is more impor-
tant in manufacturing than in any other sector because of

The Modernization FThe Modernization Forumorum
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these linkages. Change spreads throughout the economy;
industries buy and sell to each other. Advantage is not
just in the capacities of specific firms, but in the web of
interconnections that establishes the possibilities for all
firms. As authors Stephen Cohen and John Zysman state
in Manufacturing Matters: The Myth of the Post-Industrial
Economy, "A small number of industries may be responsi-
ble for generating a vastly disproportionate amount of the
total technological change in the economy."

Manufacturing jobs are more valuable.

Manufacturing jobs have a variety of benefits not offered
by other forms of employment. For one, they tend to be
higher paying jobs. Jobs that replace manufacturing jobs
are in sectors that on average pay 20% less. In recent
past years, only about 30% of displaced manufacturing
workers found comparable jobs, with almost half unable
to find employment and roughly 25% taking jobs with
lower salaries and benefits. Manufacturing jobs also have
a much higher multiplier value of roughly 1.9 compared to
the service sector multiplier of roughly 1.1. (The multiplier
is the number of related jobs up and down the production
stream). Manufacturing jobs are both more likely to pro-
vide health coverage and provide advancement opportu-
nities for entering immigrant populations.

Managing the Transition

At one time, American manufacturing was able to main-
tain its position by what is called "station efficiency" --- i.e.,
maximizing profits under stable conditions. The first gen-
erations of major manufacturers relied on "elastic flexibili-
ty" --- the ability to adjust operations to the shifting market
by making adjustments to a fixed product and production
structure. Now what is needed is "dynamic flexibility"
which is not concerned with producing more than one
product or a single line but with designing production
lines in a way that they can evolve in response to changes
in either the product or production technology.

In other words, many American firms tend to simply move
from one plateau of best practice to another, while new
competitors in Japan and elsewhere are learning to move
through continuous and iterative production innovation,
steadily improving the production process.

Continued technological development depends on con-
nections between firms, their suppliers and their cus-
tomers. A web of structural and operating arrangements
supports technical development and continuous innova-
tion this web can unravel. The significance, from a design
perspective, is that the web is not simply virtual or admin-
istrative, but physical. Proximity counts. 

Acknowledgement and exploitation of these trends
account for the so-called "Italian miracle" of the 1980s
during which manufacturers, facing increased labor costs
and restricted ability to manage flexibility inside their
plants, started to subcontract production of components
fostering a vertical disintegration of the large firms in
favor of a complex network of smaller, flexible producers
capable of rapid innovation and "just-in-time" manufactur-

ing. The Italian government created institutional support
for these trends.

C. Just-in-Time Real Estate: How Trends in
Logistics are Driving Industrial
Development 

In the 1980s, distribution really began to pick up
speed. "Just-in-time," a new approach to manu-
facturing and on-time delivery that started in the
automobile industry, led to a fundamental shift in
the supply chain process. Rather than sorting
goods in a warehouse until they are shipped in
quantity to users, this system requires goods to
arrive in precise quantities at the exact time they
are needed. The introduction of express deliveries
at the same time and the growing popularity of e-
commerce and Internet shopping in the late
1990s have led to even higher expectations about
delivery speed from businesses and consumers.
Storage has given way to velocity as the emphasis
has shifted from static inventory to the movement
of goods. To meet the challenges associated with
the need for speed, the supply chain has become
a highly complex process dependent on sophisti-
cated technologies and logistics.

The real estate supporting the supply chain
process has had to adapt to the transportation
and logistics changes. The concept of building a
square box and then filling it with specialized
machinery and equipment is no longer adequate.
Today's successful industrial buildings are built
from the inside out, with the user's requirements
first and foremost in the design process.2

From the deregulation of the rail and trucking
industries to the advent of the air age and the
emergence of e-commerce, significant milestones
have affected the size, shape, location, and
demand for industrial real estate. Trends for
faster and more efficient distribution are creating
demand for new types of buildings where goods
are rapidly processed rather than merely stored.3  

New industrial buildings may have highly specialized just-in-time
facilities for final assembly, distribution and logistics.
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The Evolution of Logistics, Distribution, and Property

Between the 1970s and 1990s, federally approved
rail and air freight rates disappeared, and free mar-
ket pricing emerged. Many shippers moved to more
flexible, price competitive road transportation, and
the percentage of total cargo moving by rail dropped
dramatically.

Railroad deregulation in 1980 also had a profound
impact on warehouse owners and commercial real
estate developers. Warehouses no longer had to be
built adjacent to a rail siding. The continuing rising
tide of outbound cargo was moving by truck and
being stored in warehouses with proximity to major
thoroughfares and highway systems.4

Design considerations for warehouse and distribu-
tion facilities have since been driven by the explo-
sion in truck transportation and goods moving over
the road. For example, more yard space is being
devoted to parking trailers.

By the 1960s, the global air market was created,
and with it the synergy between warehousing, logis-
tics, transportation providers, and commercial real
estate developers first became apparent. This first-
class shipping enables companies to increase the
shelf lives of their products and avoid transporta-
tion delays caused by the congested ports and inad-
equate road infrastructures often found in develop-
ing countries.5

As production has moved to far flung locations
around the globe, the efficiency of transportation
has become a critical concern. Corporations, often
employing specialized logistics firms, make millions
of dollars in profit by saving pennies off the cost of
the production and movement of goods. They use
elaborate production chains that take advantage of
cheap labor in one country, raw materials in anoth-
er, subsidized manufacturing or favorable tariffs in
a third.6

SSeeccttiioonn  nnootteess

1 Exceptional Industrial Projects: Beyond the Box. National
Association of Industrial and Office Properties, 2003.

2 ULI-the Urban Land Institute. Just-in-Time Real Estate: How Trends
in Logistics are Driving Industrial Development. Washington, D.C.:
ULI-the Urban Land Institute, 2004. p. 1.

3 Ibid. p. 2-3.
4 Ibid. p. 31.
5 Ibid. p. 32-33.
6 Final Report, Brownfield Economic Redevelopment: Preparing

Modern Intermodal Freight Infrastructure to Support Brownfield
Economic Redevelopment. North Jersey Transportation Planning
Authority, Inc. and the New Jersey Institute of Technology. January
2003. Section 2, p. 5

Durable goods Include:
Lumber and wood products
Furniture and fixtures
Stone, clay, and glass products
Primary metal industries
Fabricated metal products
Industrial machinery and equipment
Electronic and other electric equipment
Motor vehicles and equipment
Transportation equipment
Instruments and related products
Miscellaneous manufacturing

Nondurable goods Include:
Food and kindred products
Tobacco products
Textile mill products
Apparel and other textile products
Paper and allied products
Printing and publishing
Chemicals and allied products
Petroleum and coal products
Rubber and misc. plastics products
Leather and leather products
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PART III. INDUSTRIAL DISTRICT PLANNING IN
THE SUBURBS

The industrial parks of today, large monolithic struc-
tures located at the suburban fringe, are a not-so-dis-
tant relative of the compact, urban, industrial districts
of the late 19th and early 20th centuries. Burdened
with prejudices about the need to separate industry
from the city, the tendency to build large, low-cover-
age, single purpose districts with limited access has
only contributed to the dislocation of the "edgeless
city".

A. Major Themes of Industrial District
Planning

The history of industrial district planning in the United
States has been punctuated by a number of major
themes that inform our efforts to reinvent the suburbs.

1.   Integration versus exclusion

There is an on-going and unresolved tension over the
desire, on one hand, for manufacturers to be closely inte-
grated with other economic activities and, on the other
hand, the desire to isolate industries in large, single-use
precincts, free of conflicts with other uses. In the US this
tension has manifested itself in a number of ways. After
World War II, manufacturers whose businesses had been
part of the continuous agglomerations of urban activity,
vacated their loft factories for suburban "industrial
parks": efficient, one-story facilities gathered in a campus
setting surrounded by green, free of congestion, and free
(as well) of the labor unrest of the inner city.

Although the 1940s and 1950s witnessed a great migra-
tion of industry away from the city, the centripetal force
exerted by the center city was nevertheless everywhere in
evidence. The Urban Land Institute showed that half of
the new plants built during and after the war stayed with-
in a 7 mile radius of the central business districts, while
two-thirds stayed within 10 miles. Planners expected to
find fewer sites for industry near congested centers of the
densely populated regions, but the picture was far from
clear. Vacant sites close to the center were sought out in
preference to the more distant suburban locations. As
late as the mid-1960s, New York and other cities were
concerned not enough land was set aside for the future
expansion of industry.

Today, as described in the previous section, with competi-
tive pricing of shipping goods by truck, and with the
advent of the cargo jet, industry has been locating ware-
houses and distribution centers along highways and near
airports more and more and less near congested ports
and urban centers.  However, the scarcity of greenfield
sites compounded with incentives offered by city and
redevelopment agencies, is luring some companies to
renovate existing industrial facilities in both the city and
suburbs.

2.  Blurred use/mix use

Profound changes in the manufacturing economy have
enabled smaller, cleaner manufacturers to co-locate (as
they were in the loft factories) with different kinds of uses.
Warehousing, retail, office, research and development,
and light manufacturing are now located on the same site
or even within the same building. The rigid exclusionary

covenants of the industrial park have given way
to performance guidelines and other flexible
regulatory tools that can account not only for
mixed use, but for blurred use, so that the
industrial park has been superseded by the
"mixed-use business park."
.

B. Origins of Industrial District
Planning 

The challenge of re-integrating the industrial
landscape must be understood in terms of the
century-old planning practice of routing indus-
try out of cities and relocating it in the land-
scape.
Left: The plan of the workmen's village of Saltaire
(England, 1851) creates an integrated, industrial com-
munity.  Right: In contrast, the Ajax Industrial Park
(Ontario, Canada, 1952) is a diagram of the city
exploded, with industrial (top), commercial (middle)
and residential (bottom) structures separated into
zones.
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Nineteenth-century ideal town plans abandoned the city,
choosing instead to propose new communities in rural land-
scapes. Industrialists were motivated by the desire to find
healthier and more productive living conditions for their
workers ("workers villages" such as Saltaire in Bradford,
England, 1852, and Pullman City, Chicago, 1867). Utopian
Socialists, on the other hand, were motivated by the desire
to remake the city from scratch according to new scientific,
social or political programs, for example, Robert Owens' set-
tlement (New Harmony, Indiana, 1926 and Jean Baptiste
Godin's familistere at Guise, 1871). 

Industrialists and reformers alike proposed that buildings
be grouped according to function with housing and industry
separated (a notion formalized in zoning). Even Tony
Garniers Une Cite Industrielle (1904), which celebrated
industry as integral to the urban economy, followed this tra-
dition, locating industry securely in a separate precinct,
away from the "old town" city center and the new residential
and commercial districts. 

Planned industrial districts were successfully pioneered in
the United States at Bush Terminal in New York (1895-
1915) and the Central Manufacturing Districts in Chicago
(1905-1931) and Los Angeles (1922). The history of these
districts (which were often sponsored by railroads) is not a
linear progression from city to suburb or from lofts to hori-
zontal factories; a mixture of configurations is evident even in
the earliest districts. At Chicago's Pershing Road develop-
ment (1916), elaborately detailed, monumental loft facto-
ries create an urban edge to a park and residential neigh-
borhood. At the other extreme, Chicago's Clearing Districts
(1909), were among the first to be located beyond existing
industrial concentrations and to provide horizontal factories
with removable end and side walls for expansion. 

Nevertheless, these early developments shared a number
of characteristics that became hallmarks of industrial dis-
trict planning: the use of large sites (as much as 40 acres)
to allow for expansion, off-street loading and landscaping;
developer control over issues such as the types of indus-
tries that could locate in the district, building materials, and
with the exception of some
specialized support
services, such as ship-
ping management and
banking, they all pro-
hibited non-industrial
uses. 

Industry Suburbanized

By the late 1940s, industry began to locate along emerg-
ing highway networks, especially ring roads offering large
tracts of inexpensive, easily developable land with flexibili-
ty for expansion and convenient access. The New England
Industrial Center on Route 128 (Needham, Mass., 1949)
is the paradigm of this kind of development. These are
the first real suburban industrial parks, differing from ear-
lier planned districts in their reduced site coverage, com-
plete reliance on the horizontal factory and emphasis on
appearance and landscaping. The single most important
principle of industrial park planning was flexibility.
Although a master plan was necessary, the layout of the
district provided for expansion through phased develop-
ment so that utility extensions, street construction, and
site improvements could be carried on in progressive
stages or 'installments." Also, individual building lots were
not delineated. Instead, a block size was established. In
this way, development on the block was constrained in
only one dimension (the depth of the block) while the
other dimension (lot width) could vary as required. Even
more flexibility was possible if the streets were spaced at
irregular intervals, allowing for a variety of lot depths.
These principles were applied throughout the Untied
States, from the 1952 Fair Lawn Industrial Park to Dallas'
Brook Hollow Industrial District of 1964. 

Finally, the suburban industrial park created a precinct
exclusively for industry. Within the park, it was possible
for the private developer to exclude any activity deemed
incompatible with industry (permitted ancillary uses might
include a bank or workers' club). Low site coverage and
generous setbacks reduced potential conflicts with neigh-
bors beyond the boundaries of the park. Typically, indus-
trial districts had at most two or three points of access
and these were clearly articulated as gateways and often
guarded. The creation of any kind of through road was
studiously avoided. 

In the 1950s and 1960s there was a shift toward more
specialized business/industrial parks such as research
parks, where a mix of activities took place including labo-
ratory work, light manufacturing, assembly, and related
technological services.7 "This blurring of the distinction
between industrial and office activities, as illustrated by
research parks, has led to the corporate business parks
that have flourished in recent years."8 While the uses
have changed, the basic planning principles have not.

The antidote to the
unplanned industrial

city, exemplified by
the industrial and resi-
dential "Berlin Block",
right, was the garden

City, left, with industry
in its own zone at the

periphery.
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Industrial Parks, Today

Urban Land Institute offers the following description of
business/industrial parks:

“Business parks are multibuilding developments
planned to accommodate a range of uses, from
light industrial to office space, in an integrated
park-like setting with supporting uses for the
people who work there. They can range from
small parks on several acres to facilities of sever-
al hundred acres or more.”9

“Business parks service a range of activities and
product types, each with the specific require-
ments: warehouse/distribution; manufacturing
and assembly; flex/high-tech business; offices;
showrooms; incubator space; telco hotels; serv-
ice businesses, including hotels and conference
centers; and convenience retail stores.”10

Business parks with multiple buildings of different types,
sizes, and prices allow tenants to grow and expand at the
same location. Startups in small-scale incubator space
can move without changing address. Established compa-
nies can centralize their operation from headquarters to
inexpensive back office or flex space. ULI defines the
new hybrid of buildings known as flex space as flexible
work spaces that house office and industrial activities
under one roof.11 

Flexibility is critical to the success of business and indus-
trial parks so that they can be adapted in form and func-
tion to meet changes in the market --- the result of rapid
technological innovations such as e-commerce and just-
in-time distribution systems which have led to the trans-
formation of warehouses into sophisticated logistics cen-
ters.12

According to ULI, the following key design elements for
long-term success of a business (industrial) park include:

• a flexible master plan which anticipates change to
serve diverse markets over the long term

• attractive landscaping and public spaces that create
a cohesive park-like setting , which takes advantage of
topography and natural features with special atten-
tion given to entrances, gathering spots, parking and
recreation

• onsite amenities and services for employees

• flexible building design: each building will have its
distinctive requirements, but all require flexibility to

The earliest planned industrial districts were in the cities.
Theses were both carefully designed loft districts, such as the

Pershing Road development (1916) in Chicago, above, and low-
rise 1-story districts such as the Los Angeles Central manufactur-
ing District, top right. The urban low-rise industrial districts were

more compact than their suburban successors, right.

The typical subur-
ban factory has a
single orientation

created by an
articulated front

office, top,
"clipped" onto an

otherwise unartic-
ulated factory

shed with loading
and service on the

back, bottom.
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The first generation of subur-
ban industrial parks went to

the new ring roads such as
Route 28, top right, outside
of Boston. The New England
Industrial Center, above and
right, is typical---an isolated

campus for large, single
story factories. Many of these
      places are now hosting

technology-based industries.

An image and site plan of a typical business park contain-
ing a variety of mostly 1-story building types and a sea of
parking and loading.
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meet changing market conditions. Flexible design
starts with size and depth of floor plates and moves
into advanced technical systems that help make a
building "smart"

• appropriate parking

• efficient circulation that reconciles the conflicting needs
of trucks, automobiles, and pedestrians that need to be
accommodated13

ULI also states that certain trends will influence industrial
development in the coming years:

• Push toward greater efficiency in logistics is leading
to the consolidation of distribution centers in larger
and more complex regional distribution centers.

• Demand for high-speed connectivity and the ability to
accommodate the latest technology will favor devel-
opers who build flexibility into their projects to allow
for future wiring and other needs.

C. Leo Marx: The Machine in the Garden

While the origins of the industrial park are foremost to be
found in the suburbanization of America and a variety of
practical considerations with regard to assembly-line tech-
nology and transportation, it is important to understand
that there are two other dimensions to the industrial park,
one political, the other aesthetic:

1. In his book, The Machine in the Garden, art historian
Leo Marx documented the nation's peculiar desire to
reconcile two conflicting visions of the New World in
American art and literature: one, a pastoral vision of
an agrarian republic, free of the social and political
ills of industrialized Europe; the second, a technologi-
cal vision of a nation powerful and liberated by indus-
try. For Marx, the 1930 painting American Landscape
by Charles Sheeler was a characteristic attempt of
reconciling industry and landscape. "By superimpos-
ing order, peace and harmony upon our modern
chaos," Sheeler presents the industrial landscape
pastoralized. 

The industrial park phenomenon must be seen as a
manifestation of this same American desire to recon-
cile the industrial and the pastoral. In America, the
heavily landscaped suburban industrial park contin-
ues to be associated with clean industry, and there-
fore with technological progress, liberated as it was
from the cramped working quarters of the industrial
city.

2. Urban unrest, suburban control:  In the post-war peri-
od, the dispersal of the modern city had become
identified not only with the political control that would
come with the dispersion of urban populations, the
city was, and continues to be associated with labor
radicalism and unrest,
and it is certainly
the case that in
moving to the sub-
urbs industrialists
were escaping not
only the congestion
of the inner city, but
its political
activism. In fact, in
the 1950’s, the
Urban Land
Institute, in its
developers' check-
list for industrial
park site selection,
advised industry
builders to research
the history of an
area's work stop-
pages, labor rela-
tions, and union
activity. 

Section notes

7 Frej, Anne, et. al. Business Park and Industrial Development
Handbook. Washington, D.C.: ULI-the Urban Land Institute, 2001. p.
9.
8 Ibid. p. 12.
9 Peiser and Frej. p. 259.
10 Frej, Anne, et. al. p. 4.
11 Ibid. p.3.
12 Ibid. p. 3.
13 Ibid. p. 4-5.

Industry pastoralized: industrial "landscape" by Charles Sheeler.

Poster from the Paterson (NJ)
Strike, 1920s.
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World's Fair Corporate Center
South Bound Brook, NJ

The World's Fair Corporate Center, in South Bound Brook, New
Jersey, is a 157 acre (64 ha) "corporate park" for light industrial,
office and research facilities that is typical of suburban or "Edge
City" commercial developments. It was formerly farmland. It is a
loosely organized campus of mid-rise hotels and office build-
ings, and single story "flex" industrial buildings. Each develop-
ment stands alone, surrounded by ample parking and generous
landscaping. 

The low density and generous landscaping is inextricably linked
to a prejudice that manufacturing in dense, urban environ-
ments is antiquated, but manufacturing in green environments
is clean and modern (see discussion of Leo Marx's "The
Machine in the Garden").

The World's Fair portion is largely light industrial buildings. The
marketing literature, from which the following list of assets was
directly taken, provides insight into what older industrial sites
are competing with:

• The park is convenient to hotels (these are mostly extended stay hotels).

• Additionally, the site is convenient to daycare, banking, fitness, shopping and a large
variety of retail facilities, including other business-related services.

• All light industrial buildings have tailgate loading and are fully sprinklered.

• World’s Fair Corporate Center has convenient access to Routes 287, 22, 202/206,
18 and Interstate 78.

• The park is approximately 12 minutes to the New Jersey Turnpike, Exit 10, and the
Garden State Parkway, Exit 129.

• The park can accommodate build-to-suit requirements from 20,000sq. ft. (1,860
sm) to 132,000sq. ft (12,263 sm).

• Two new flex buildings of 30,000sq. ft (2,787sm) and 45,000sq. ft (4,181 sm) will
be constructed with completion scheduled for spring 1998. Units are divisible to
5,000sq.ft. (465 sm).

The plan of the buildings along World's Fair Drive reveals the preferred strategy: long, narrow, easily subdi-
vidable buildings are paired around alternating entrance and service courtyards. While the north side of
the drive is platted in one-acre (4047 ha) increments, typical site for a flex industrial building, large
enough to accommodate parking, a service court and landscaping, is 3 to 4 acres (1.4 ha).

Two recently completed buildings exemplify the state of the art for the new industrial buildings that are
most in demand in the NY metro region. They are both so-called "flex" industrial buildings. These are
30,000 sq. ft. (2,787 sm) to 46,000 sq. ft. (4,273 sm) buildings, single story between 300 ft. (91m) and
460 ft. (140m) long, and only 100 ft. (30m) deep so that they can be segmented into units that are as
small as 5000 sq. ft. (465 sm). Along the front of the building each 50 ft. (15.25m) structural bay has its
own entry and parking and its loading dock on the back of the building. The site is graded so that trucks
can back up to the loading docks level with the floor. Ribbon windows provide flexible access to light after
the interiors have been partitioned. Ceiling heights are 18 ft. clear to accommodate any warehousing and
distribution operations. Building services (electrical, mechanical) are configured to meet the requirements
of individual tenants. The buildings are meant to accommodate a range of potential tenants in this region.
Some of the prospective tenants include a computer company that does custom reconfiguring of lap-top
computers; a small "pick and pack" operation that sends medical samples to doctors; a company that
does light assembly; and a daycare center.

Although the marketing literature touts the accessibility of support services and amenities, such as hotels,
shopping and daycare, the reality is that they are scattered widely throughout the development and there

are no pedestrian connections between destinations or synergies among uses.
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Section and model studies of
Luscher’s industrial-residential
mixed-use development in
Fribourg (Switzerland) that places
housing over workshops.

PART IV: NEW MODELS, MIXED-USE & RE-USE

New models of industrial development are reshaping
the way these uses are being integrated into the subur-
ban landscape. From mixing uses and increasing the
flexibility of industrial parks and the buildings within
them, to increasing their efficiency and ecological syn-
ergy, industrial developments are reconsidering their
long-term sustainability.  Similarly, developers are tak-
ing a new look at older, defunct sites and renovating
them to meet current standards.

Neither zoning nor urban renewal practices have kept
pace with the changing nature of manufacturing. A net-
work of small, flexible, and interdependent manufacturers
is more capable of rapid product development, providing
a wider array of specialized products. The tendency for
these small manufacturers to thrive in mixed-use situa-
tions must be reconciled with the industrial park redevel-
opment strategy of creating large, single-use precincts for
industry in the city. Performance standards, for example,
do not reflect innovations in production technology and
environmental regulations have made many manufactur-
ers less noxious. The separation of uses does not recog-
nize that many manufacturers thrive on easy access to
housing, services and shops. Nor does zoning easily
accommodate the healthy mixing of activities that is
occurring within manufacturing enterprises where fabrica-
tion, assembly, warehousing, management and retail
sales often take place in the same facility. Live-work
spaces that combine small studios or workshops with liv-
ing spaces are increasingly common. Ultimately, the chal-
lenge of combining industry and housing must be con-

In Camden England,
Jestico and Whiles’

townhouses are over
light industrial shops
in a perimeter block

building.

fronted. While the most ambitious attempts at combining
work and living spaces are in Europe, there are numerous
precedents located in the United States. 

A. Industrial Mixed-use: European and
American Experiments

Models

In Europe, a number of industrial/residential mixed-use
projects have gone up, notably a 1986 development by
Rudolphe Luscher in Fribourg, Switzerland. Located at the
edge of an existing industrial district, a substantial grade
change enables the scheme to be layered in plan and
section: a row of industrial shops is followed by a row of
buildings containing residences over industrial shops,
and this, in turn, is followed by a row of residential build-
ings. An industrial aesthetic dominates. 

A more conservative model is the 1985 Bruges Place in
Camden, England, by Jestico and Whiles, which combines
small-scale industrial shops with duplex apartments.
Access to the residential units is from the second level of
a central courtyard. This project has been successful but
street-level activity has been hampered by parking and
loading and by the tendency for the industrial spaces to
be occupied by larger manufactures. These larger tenants
require only a single entrance rather than the multiple
entrances and office fronts envisioned by the designers.
The planning, and especially the imagery, belies the kind
of nostalgia for the pre-industrial city. 
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Westside Place at the low-density
edge of Berkeley, CA, places resi-

dences over shops in an infill building.

These models are relevant because they combine hous-
ing and industry at a scale that is commensurate with
the American industrial park. They also rely on the hori-
zontal shed as the basic factory type, which seems to be
a practical necessity for new districts in American cities.
The "Ca'Bassa Settlement," built between 1979 and
1982, is representative of those developments organized
on the basis of a module for housing that is then doubled
to accommodate the industrial buildings. The mezzanine
level of the factory corresponds to the first floor of the
residential buildings with offices below. By combining the
two uses, the residential building can be used to modu-
late the otherwise unarticulated volume of the horizontal
shed. 

Combining housing and industry is also the focus of
"Architectural Designs for Industrial Preservation," a study
prepared by the Chicago Association of Neighborhood
Development Organizations in 1988. This study address-
es the architectural issues associated with converting
older buildings into multiple tenant "vertical industrial
parks."

Two of the case studies take the notion of integrating
housing and industry to its logical conclusion by combin-
ing them in a single building. Perhaps the most interest-
ing example is the Cuneo Press Building. Here, a building
with an unusual footprint, a sliver of a building five times
as long as it is wide, is subdivided for smaller industrial
users. The upper floors are then divided into apartments
for workers. The proposal calls for a laundry, a small gro-
cery store, and shared common space for the occupants. 

The "Arts and Crafts Settlements" or "Artisans' Villages" in
the Modena region of northern Italy have played a major
role in Italy's Industrial Renaissance of the 1970s and
1980s, and it was there that flexible production methods
were first pioneered. Within the individual settlements, a
wide variety of small manufacturers form a network in
which companies are both competitive with and comple-
mentary to one another. Rather than producing a single
product from start to finish (vertical integration), compa-
nies provide each other with intermediate products. This
enables them to respond quickly to market changes and
to make short production runs profitable. The settlements
themselves, in turn, form a "polycentric grid" throughout
the region.

In the Modena region of
Italy, the so-called "Artisans'

Villages" clip residences
onto the edge of the "big

box" production shed.
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Finally, in the United States there have been a number of
experiments with artist live/work spaces. Zoning regula-
tions in New York and elsewhere have been tailored to
allow artist "pioneers" to live in manufacturing districts.
While technically not industrial/residential mixed-use,
these projects provide valuable lessons on which to build.
Berkeley has been especially progressive in this regard
and one 1993 project, Westside Place by Kirk Peterson,
takes advantage of these liberal zoning rules. Built in the
middle of a low-rise industrial area, not unlike many sub-
urban manufacturing areas, the project provides for
duplex residential units built over double height studios. It
is not difficult to imagine that the studio space provided
here could become space for artisan-scale manufactur-
ers. 

Transformation of this suburban "power center" suggests
strategies for re-making the big box industrial district:
in-fill development and landscape create a new public
realm and connections to it.

Beyond the Box

The design challenges presented by the suburban indus-
trial park have become especially relevant because of
another new edge city development type --- the "big box"
shopping center or "Power Center" (two or more big box
retailers in one complex). These new retail formats --- a sort
of hybrid of retailing and warehousing --- share many of the
same formal characteristics of the industrial park. In
terms of location, the industrial park and the power cen-
ter require extremely large sites with excellent truck
access. More compelling is the fact that both kinds of
developments create a campus of large, windowless big
box structures, each of which has a single orientation.
While the power center obviously has much more parking
than off-street truck loading, both site plans have huge
expanses of undefined paved area.

Big Box Acropolis: Frank
Gehry's proposal for the
Herman Miller offices and
factories treats the leftover
spaces between the big
boxes as public realm
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This suggests that similar strategies could be used to rein-
tegrate both development types: using new infill develop-
ment and landscaping strategies to create well-defined
space between the buildings and new connecting corridors
from these spaces to the surrounding context. The Regional
Plan Association demonstrated some of these strategies in
the Somerset Regional Center where long-term redevelop-
ment of a big box power center was modeled. Similarly, for
the buildings themselves --- big box stores and factories alike
--- strategies include appending new building elements, sub-
dividing and carving out the structures. Two interesting
precedents are Frank Ghery's Herman Miller Factory and
Showroom complex which creates a kind of "Big Box
Acropolis" and the Toronto Workshops project which clips a
series of small-scale program structures onto the front of
the industrial shed. 

B. Greening Industrial Developments

Two trends in industrial development are advancing environ-
mental considerations to new heights. Green building and
site design have greatly improved the environmental impact
of buildings while eco-industrial design is changing the way
industries do business. Furthermore, the rehabilitation and
adaptive reuse of outdated industrial parks is helping to
conserve greenfields and building materials through the
reuse of existing infrastructure.

Green Buildings

ULI defines
green buildings
"as buildings
that incorpo-
rate natural
systems from
daylight to
fresh air, pro-
viding a superi-
or building for
occupants and
a better long
term contribu-
tion to the sur-
rounding environment. Daylight can be introduced into inte-
rior spaces through skylights or light shelves that direct light
into the building. More efficient HVAC systems, which
reduce energy costs, and windows that can be opened
improve air quality, which translates into few illnesses and
lower absenteeism." 

"The green design process recognizes that building materi-
als --- and the energy required to extract or create those
materials --- are not infinite and, therefore, must be carefully
considered during all aspects of design, construction, and
building operation." 

The Site
Understanding and appropriately using the proj-
ect site are two of the most important aspects of
creating environmentally sensitive buildings.
When possible, land should be recycled by build-
ing on an existing site rather than on raw land or a
greenfield site, preserving rapidly disappearing
natural environments and saving money by using
existing infrastructure. Existing buildings can also
be recycled, turning a white elephant green. 

Another important site consideration is a build-
ing's orientation. The building should be posi-
tioned to conserve energy. Glass on the sunny
side of the building ensures the use of natural
daylight to the greatest extent possible. No glass
on the windy side reduces the amount of fuel
required to heat the building.

Business parks should be landscaped with native
plants that do not require extensive watering.
Where appropriate, the building should be shad-
ed with trees and shrubs to shield it from the sun
and keep it cooler during hot weather.

Stormwater management is important for larger
properties. On-site impoundment areas designed
as part of the natural landscape can slowly
release water back into the natural drainage sys-
tem. 

The Buildings
One of the most important aspects of building
design to consider for this workshop is building
massing. The size and shape of floorplates are
important components of green design. A long
narrow floorplate, for example, brings more natu-
ral light into a building than a large square floor-
plate. The larger floorplate limits opportunities to
bring daylight into the building, requires much
more artificial lighting, and creates more latent

A greenroof on
Chicago’s Green
Technology Center.

Beyond the Box: This proposal
for the Toronto Workshops

clips a variety of commercial
and civic structures onto the

industrial shed.
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heat. A long narrow floorplate places more work-
ers close to windows, improving working condi-
tions, morale, and productivity. 

In addition to energy conservation another con-
sideration should be water conservation. Water
and its costs can be saved by using a variety of
tools: seawater condensing, recycled gray water
for irrigating the landscape, low-flow delivery,
and rain water collected to irrigate the site.  

Eco-Industry
Robert F. Young, Visiting Lecturer, Department of City and Regional
Planning, Cornell University, Ithaca, NY

Eco-Industry or industrial ecology is a relatively new effort
of theory and design in the field of industrial operations.
As such it has a number of definitions, each with its own
merits. At the basis of these definitions is the proposal
that current industrial processes are one of the principle
components of the current global environmental crisis.
Further, it is postulated that the means to correcting this

dysfunctional relation-
ship is through the
redesign of industrial
systems so that they
mimic natural ecologi-
cal systems.

From here the differ-
ent embryonic schools
of thought diverge.
Just what "natural"
ecological systems are
and what constitutes
their mimicry in a sus-
tainable manner
define the various
lines of thought in
industrial ecology.

The most rudimentary
definitions espouse
the proposition that
"waste should equal
food"; that the waste
materials and energy
systems of an industry
should serve as a valu-
able feedstock for

other industries so that
eventually a "zero-waste" paradigm can be achieved.
Further layers of complexity are added to other theories
of industrial ecology which seek to expand upon these
fundamental tenets.

From my own perspective I would propose that business-
es which can truly be defined as following the design pat-
tern of nature (a nature not exclusive of human society in
its definition) would contain or be tending toward the fol-
lowing design principles:

• Energy sources produce benign emissions and are

"A community of busi-
nesses that cooperate with
each other and with the local
community to efficiently share
resources (information, mate-
rials, water, energy, infrastruc-
ture and natural habitat),
leading to economic gains,
gains in environmental quality,
and equitable enhancement
of human resources for the
business and local communi-
ty." 

"An industrial system of
planned materials and energy
exchanges that seeks to mini-
mize energy and raw materi-
als use, minimize waste, and
build sustainable economic,
ecological and social relation-
ships." -- President's Council
on Sustainable Development
(1996)

derived from renewable sources such as solar, wind,
wave, geothermal, and hydrogen derived power.

• Materials used in manufacturing are derived,
designed and assembled in such a manner that they
are 100% recyclable. This would require that they be
recoverable by nature or industrial production
processes with reasonable cost and within reason-
able timeframes. As a result, materials would tend to
be classified either as "biological nutrients", i.e. fully
biodegradable by common ecological processes, or
"industrial nutrients", i.e. fully recoverable by common
industrial processes.

• The impact of the industrial processes would lead
toward the continued, natural increase in biodiversity
both in terms of the number and population of
species.

• The design of the industrial process and the tech-
nologies used would be supportive of democratic
institutions and the development and sustenance of
community integrity.

• The tendency of the society and its industrial opera-
tions would be toward a culture and economy which
recognizes the contribution and value of social wealth
and ecosystems in providing on-going services to
industry and the community.

Sustainable Economic Growth

Sustainable economic growth seeks to create a path
where each of three goals, economic prosperity, social
fairness and environmental health, are achieved together.
Although a successful sustainable strategy depends on
the specific attributes of each site, there are basic design
principles that apply to all:

• Maximize positive connections between business
activity and community and ecological health;

• Maximize diversity of employment opportunities;

• Minimize negative impacts between the built environ-
ment and ecological health;

• Maximize alternatives to automobile/heavy truck
transportation;

• Maximize greenway connections to local open space
areas.

Section notes

14Frej, Anne, et. al. p. 126.
15 Frej, Anne, et. al. p. 126-127. Raymond J. Clark and Peter Ellis,
"Green Goes Mainstream," Urban Land, December 1998, p. 36-41.
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PART V: CASE STUDIES
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At Beacon Centre, Miami (Florida) openings and articulation make this ware-
house into architecture.

Beacon Centre
Miami, Florida
(Excerpt from: Frej, Anne, et. al. Business Park and Industrial
Development Handbook. Washington, D.C.: ULI-the Urban Land
Institute, 2001. p. 210-215.)

Beacon Centre is a 205-acre (83-ha) business park pri-
marily made up of speculative warehouse buildings, but
also including office and retail uses. The project uses
innovative architecture and extensive landscaping around
buildings and parking lots and along major streets to cre-
ate a parklike atmosphere that is more appealing than
that of many warehouse-oriented business parks. The
retail component of the project has been used to create
amenities for on-site users and to allow the project to be
largely self-sufficient. Facilities such as restaurants,
banks, and office products stores serve the daily needs
of Beacon Centre's workers and tenants and nearby busi-
nesses.  

The south Florida area has become an important base
from which international companies move goods and
services to and from South America. Miami International
Airport's cargo facility is a major center of international
trade activity, and Beacon Centre, located just west of the
airport, is well positioned to tap the region's international
trade market. 

The site is rectangular in shape and is bordered by arteri-
al roads carrying local traffic. To the north is 25th Street
(a major corridor for truck traffic); to the west is 87th
Avenue (a major north/south artery); and to the east are
bulk storage facilities. Directly to the south is the East
West Expressway, which provides easy and quick access
to the airport and to Route 826, a major north/south
expressway.

Planning and Design
The plan is based on a simple framework of internal
roads that connect with and blend into the surrounding
grid of streets. By maintaining the fabric of the surround-
ing street grid, the plan makes locating internal building
addresses easy. Moreover, by adhering to the property's
rectilinear geometry, the plan maximizes land use effi-
ciency and parcel size flexibility. The internal road frame-
work --- with 84th Avenue (also called Beacon Centre
Boulevard) as the spine --- channels project traffic efficient-
ly.

Five major entry points --- each with major entry and identi-
ty features --- funnel truck traffic to its destination with
minimal impact on retail and office areas.

The plan segregates uses. Retail is located on the front of
the site at the southern end. Warehouse uses occupy the
center of the site. And office, showroom, and retail uses

are located on the northern and western edges. The plan
also pays special attention to the aesthetic treatment of
the leading edge of the warehouse zone. By containing
truck traffic, screening loading docks within the zone, and
placing smaller-scale, built-to-suit buildings in front of the
larger bulk storage structures, designers made this edge
an effective transition zone that has sustained significant-
ly higher square-foot land values for adjacent retail and
office sites.

The flex/warehouse buildings themselves generally fea-
ture 10 to 15 percent office space in the front and ware-
house facilities in the rear. Most are located along 84th
Avenue. In many cases, warehouse buildings are arranged
back to back, with shared loading dock areas served by
cross-access easements. This results in a public
street/service alley arrangement that minimizes visual
and acoustical conflicts between adjoining front-of-house
and back-of-house operations.

The warehouse buildings are of tilt-up concrete construc-
tion and include simple decorative features, corner tow-
ers, attractive signage, colorful awnings, and other inter-
esting architectural elements. All buildings are painted a
salmon color, designed in keeping with the southeast
Florida style.
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The site plan for Beacon Centre makes connections to the existing street
pattern and well defined spaces between buildings.

Experience Gained
• Industrial buildings can be an attractive addition to

the urban environment if developed sensitively.
Innovative yet cost-effective architecture and artful
landscaping can go a long way toward improving the
image of warehouse/distribution developments.

• Service retail and restaurants are important ameni-
ties even for warehouse-oriented business parks, and
provide a distinctive leasing advantage.
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This aerial photo, left, of the Meridian Business Campus in Aurora,
Illinois shows how stormwater management was used to help
shape the site plan and create a sense of place in an otherwise dis-
connected edge city location.  Right, the site plan for Meridian
Business Center.

Meridian Business Campus
Aurora, Illinois
(Excerpt from: Frej, Anne, et. al. Business Park and Industrial
Development Handbook. Washington, D.C.: ULI-the Urban Land
Institute, 2001. p. 240-247.)

CMD-Midwest assembled and acquired the land for
Meridian Business Campus in the early 1970s, intending
to develop a traditional industrial park. By the time sites
were ready for development, however, the industrial mar-
ket had changed, and, in the early 1980s, CMD retained
the SWA Group to completely redesign the project.

The development strategy pursued by CMD and contin-
ued by the RREEF Funds, a San Francisco-based pension
fund advisory firm that acquired the property from CMD
in 1992, has combined several key principles: multiple
uses, phased development, a flexible master plan, and
flexible buildings designed to accommodate a variety of
uses. The project's success is also due to the SWA mas-
ter plan and landscape design, which have given
Meridian Business Campus a high-profile image and pub-
lic open space amenities (including parks and lakes) that
have attracted prestigious clients and community sup-
port.

Land Planning
A flat midwestern landscape of cornfields and hedgerows
was the raw material from which SWA was challenged to
create a landscape that would help create a sense of
place, be an emblem of the region, and reveal and glorify
the beauty of the native prairie. 

The stormwater management system became the organ-
izing land planning element. Instead of reserving open
space on each parcel for stormwater detention purposes,
the plan called for transferring the detention require-
ments to common areas on the site. Six lakes, ranging in
size from five to ten acres (2 to 4 ha), were constructed,
and open space was consolidated into several significant
pieces around these lakes, giving the site a green back-
bone and Meridian's tenants and surrounding community
an open-space amenity. Three of the lakes, arranged in a
chain, channel runoff from a 1500-acre (607-ha) water-
shed freely and safely through Meridian Business
Campus. These lakes have been integrated with a trail

system that forms a linear park for the community and
links the business park to a commuter-rail station and
nearby residential areas.

Transferring stormwater retention requirements from the
individual parcels to the centralized lakes made it possi-
ble to create a more flexible land plan. The master plan
divided the property into four flexible use zones - office,
light industrial/warehousing, high-tech, and retail.

Manufacturing and industrial uses occupy the campus's
western and southern lots, while higher-profile corporate
facilities line Liberty Street. The Tech Center, a multi-
tenant complex, provides an easy and attractive transition
between the warehouse and the office zones. 

The campus's front door and main high-image road is
Meridian Parkway, an east/west thoroughfare that has
been richly landscaped. It serves to separate uses: office
buildings on one side and high-tech and flex space on the
other side. Running north/south, Commons Drive sepa-
rates manufacturing and warehouse zones located west

Stormwater management is integrated into the landscape to create
the central open space feature.
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of the road from transitional and office building zones to
the east. Retail uses front Route 59, the most visible edge
of the campus. The lots along Route 59 were originally
intended for hotel and office uses, but retail growth out
from Fox Valley Shopping Center to the south reached
Meridian first and the hotel market never matured. 

The master plan's use was deliberately flexible, allowing the
developer to modify them depending on market demand. If
the high-tech market was booming and light industrial was
not, the high-tech zone would be expanded into the light
industrial zone and the light industrial zone contracted
accordingly. The landscape design helped make such shift-
ing of zones unproblematic. For example, uniform land-
scape easements and berms screen parcels from the
roads, allowing high-image office areas to be located near
light industrial uses without downgrading the overall charac-
ter of the office areas. The plan also permitted lot sizes to
be changed to meet market demand and to accommodate
tenant expansion needs.

The design guidelines for the individual parcels succeed in
creating a seamless transition from business uses to public
and recreational uses, inviting the campus's employees to
enjoy the outside.  

Experience Gained

• Transferring open space requirements from individual
parcels to consolidated common areas and landscape
easements gives a business park a focus (or sense of
place) that adds value and attracts higher-end tenants.
It also means that each parcel can be developed more
efficiently and densely. 

• If a business park is planned to serve a variety of ten-
ants --- such as light industrial, warehouse, office, and
high-tech firms --- it will be able to draw from the other
tenant markets when one or another of these seg-
ments suffers a downturn. In a multi-use park, some
buildings should be designed specifically to be an easy
and attractive transition between different use zones,
such as between a warehouse zone and an office zone.

• Flexibility --- a flexible master plan with flexible land uses
and flexible buildings --- is the key to retaining tenants
and profitably serving the ever-changing marketplace
over the long term. Flexibility can be maximized by
good road planning, master-plan zoning, landscape
design that makes different adjacent uses compatible,
and smart phasing. The zoning system should allow
changes in land uses depending on the market. Lot
sizes should be adjustable to meet market demand
and tenants' growth needs. The first phase that is built
should strive to convey the intended image of the
whole development. Phasing at Meridian Business
Campus led to a retail component, a use that had not
been considered in the original master plan.

• Parking for flex or warehouse buildings should be allo-
cated at five or six spaces per 1,000 square feet (100
sq. m.) of building, so that the building is also marketable
to office users.

• A business park needs to stand out from the crowd in
order to secure long-term success. Among the ele-

ments that add value to a business park develop-
ment are attractive landscaping and building design
as well as amenities like parks, streams, lakes, and
playing fields that serve the people that work in the
park and those who live in the surrounding communi-
ty.

• A business park should be designed contextually, so
that it reflects the architecture of the area and the
natural environment.



The Suburban Industrial District Reconsidered     27

The site plan creates a well-defined public realm of  open spaces
of different kinds and important through corridors, reintegrating
the district with its context.

Bayer Corporation Headquarters
Berkley, California 16

While more an urban than suburban case study, the
1991 master plan for the Bayer industrial complex in
Berkeley, CA nevertheless is an interesting and relevant
precedent for rethinking the conventional relationships
that drive industrial park planning.

Bayer, one of the city's largest employers, was confronted
with a familiar paradigm: adapt an aging industrial com-
plex or move out of the city to some new greenfield site
farther out in the suburbs. Bayer commissioned a cre-
ative master plan that has successfully balanced the con-
flicting goals of security and flexibility with integration
with context and adaptation to new uses and technolo-
gies.

The key strategy was to re-think the facilities not as a
closed industrial precinct, but as a kind of "urban cam-
pus." The district would be organized around an armature
of streets and open spaces. A typology of these spaces
was created --- campus, industrial, service --- each with its
own characteristics and relationship to building spaces.

To create a positive relationship between the buildings
and the public spaces, different kinds of spaces---produc-
tion, service, office/reception, and gathering/conference---
were articulated differently and in some cases were given
their own volumetric expression and "clipped on" to the
otherwise unarticulated production "shed." Guidelines

ensure that offices and gathering spaces face the street. 

Several strategies were used to reintegrate the complex
with its surrounding context:

• Important view corridors were mapped and main-
tained.

• New movement corridors, pedestrian and vehicular,
were created to link to the surrounding street net-
work.

• Guidelines established open spaces along the edges.

• Abutting the residential neighborhood, the master
plan and supporting guidelines established land-
scaped setbacks and yards that defined the shared
space of the street.

In terms of implementation, the master plan is part of a
"development agreement" between Bayer and the city. It
was drafted through an intense process of community
education, negotiation, public hearings and commis-
sioned scenarios. Approvals are still required but the plan
has facilitated implementation by making the process pre-
dictable.

The industrial boxes are
transformed by adding on
new architectural and pro-
gram elements.

Aerial photo-
graph of the
Bayer com-
plex in
Berkeley,
California.



Redesigning the Edgeless City

Re-making the Suburban Industrial Park: 
Two Cases from Somerset County

Somerset County is a place where the transformation of
production from traditional forms of manufacturing to new
high value added/high technology jobs seems to be taking
place with little dislocation or discomfort. Somerset County
is a wealthy county with almost no unemployment. Two
older industrial parks in Somerset County, New Jersey, each
at different stages of transformation, are in many ways,
models of how suburban industrial parks are being trans-
formed.

The Central Jersey Industrial Park
South Bound Brook, New Jersey

The Central Jersey Industrial Park, located about 20 miles
west of New York in South Bound Brook, New Jersey, is an
excellent demonstration of issues relating to the reuse of a
typical suburban industrial park from the 1950s (large, sin-
gle story factories, surrounded by parking and loading
areas, with a somewhat more architecturally distinguished
front office volume (2400 sq. ft.) clipped onto the more utili-
tarian factory shed).

Current Tenants 
The buildings were originally
built for single large tenants:
manufacturers, warehouse
and distribution companies
that would have used the full
30,000 sq. ft. reflecting the
size of the typical user at that
time. In keeping with regional
trends, there has been a
steady decline in large manu-
facturing users. The most suc-
cessful manufacturers have
some connection to the more
vibrant sectors of the econo-
my such as a printing busi-
ness, a manufacturer of com-
puter accessories and a
graphic design and produc-
tion firm. 

Re-Use Issues: Subdivision and Up-grades
Overall, the buildings have proved to be
quite adaptable over the years. The owners
anticipate that, at least in the intermediate
term (5 to 10 years), they will continue to
be. Because the overwhelming demand is
for 5000 sq. ft. to 10,000 sq. ft. users, the
buildings are gradually being subdivided.
Because the buildings are not excessively
deep (120 ft.), they lend themselves to sub-
division. The individual units face onto what
was the loading dock platform, which has
now become the shared "front porch" for the
tenants, with new lighting and a code-compli-
ant railing. The roll-down loading dock doors
have been replaced with storefronts.
Although it is expensive, retrofitting these
buildings for high technology use is possible. 

Mixed Use Issues
As the mix of uses change, the management of the indus-
trial park becomes more complex. In a pattern that could
be described as "industrial park gentrification," new ten-
ants who are cleaner and more sophisticated businesses,
with the clientele to match, may become uncomfortable
with their neighbor whose printing business, for example,
is noisy and dirty or whose truck deliveries conflict with
the car parking. Adjacent users may also have different
requirements for building services (a flower distributor
wants different temperatures in their part of the building)
which is difficult since the buildings were built with one
set of services for the original single user. Different users
also have different parking requirements that need to be
reconciled.

Loading docks are being transformed into storefronts.

The interiors of the industrial
sheds are being subdivided and
re-used for companies like this
graphic design and printing firm.

Aerial photograph of the Central Jersey Industrial Park.
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The Raritan Industrial Park
Raritan, New Jersey

Just a few miles from the Central Jersey Industrial Park is
Raritan, New Jersey, part of the larger Somerset County
Regional Center. A 1999 redesign study by RPA for the
Raritan Industrial Park considered the following ques-
tions which apply to many suburban industrial areas:

1.  What mixed-use program is best suited to industrial
sites along the railroad, and is most complimentary
to the Raritan context?

2.  To what extent can future uses at these sites benefit
from integration with the local industry clusters
(pharmaceuticals, finance)?

3.  How can development on this site contribute to the
quality of the built environment by responding to
local context and by reinforcing connections in the
suburban fabric?

4. To what extent can the existing structures be reused
over the short and long term?  How should issues of
industrial-residential mixed-use be addressed?

The Raritan Industrial Park was built by the same devel-
oper of the Central Jersey Industrial Park. It is made up
of five 56,800 sq. ft. buildings, typical suburban factories
consisting of a 4,000 sq. ft. front office and a 1-story
"industrial box." The site is actually a very rich and com-
plex setting which has the potential to knit together sev-
eral disparate resources in the suburban landscape even
though access is currently limited to an extension of a
single local road. It is surrounded by residential neighbor-
hoods on two sides and by a local junior high school on a
third (there is already an informal pedestrian connection
to the school). There is little crime which the owners
attribute to the proximity to the established residential
neighborhoods that surround the properties. There are
also two interesting regional resources --- a potential
greenway link to the Raritan River Greenway and a train
station a few blocks away. Despite the isolation of the
industrial park in terms of access, there are significant
impacts on the surrounding neighborhoods, such as dirt
and noise of trucks and looding due to uncontrolled
runoff from the huge expanses of roof and asphalt. The
community sees redevelopment as an opportunity to
address these concerns as well as to rethink the mix of
uses here, including the addition of a children's museum
and new fire house.

Current Uses
Over the life of the buildings there has been a shift from
the original manufacturing uses to warehousing and dis-
tribution. However, over the last several years, manufac-
turing (including an injection-molding manufacturer and
environmental engineering company) has started to come
back because of the lack of suitable and inexpensive
industrial space in the Somerset County area. 

Re-use
The continued use of the buildings will favor subdivision
for smaller 5,000 sq. ft. to 10,000 sq. ft. users that sup-
port the larger industry clusters of pharmaceuticals,
finance and information technology. This might include,
for example, a high-tech internet company, small electron-
ic assembly, or at the lower end, small scale warehousing
and equipment maintenance. 

As is the case with the Central Jersey Industrial Park
described above, subdivision is complicated by a number
of factors including the distribution of services and park-
ing/access requirements. Finally, because the buildings
are large square structures there is an additional compli-
cation --- they need to be subdivided in both directions.
Current plans call for renovating the side loading docks
into a kind of front porch for smaller users that would
occupy one half of the building, similar to the Central
Jersey Industrial Park.

The Raritan Industrial Park Site Redesign
The buildings in the Raritan Industrial Park are marginally
utilized. They are about half vacant and the current man-
ufacturers require less space than the large single users
for which the buildings were built in the 1950s.

A typical low-coverage, single purpose suburban industrial park
with the "clip-on" front office and area of paved area for truck
staging, much of it no longer needed.

The site plan has a strong underlying 4-square organization.
Paved areas contribute to flooding in nearby residential neighbor-
hoods.  Access is limited to one road.



Top: A proposed new site plan: buildings are subdivided, carved into,
clipped onto or replaced.  Underused paved areas are reclaimed for
landscape. Middle: The revised site plan shows the strategic loca-
tion of the industrial park for linking features in the larger context.
Bottom: Green systems are brought into the site plan, including a
potential greenway connection.
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Because this industrial park is in transition but still well
used, the future vision for this site is one in which it is
transformed not through wholesale redevelopment but
through a gradual process of adaptive reuse. A variety of
interventions take place: 

• Buildings are subdivided.

• Buildings are carved out to create courtyards or sky-lit
areas.

• Buildings have new structures clipped onto them.

• Buildings are replaced.

There is a very strong underlying organization: a four-square
plan with a major axis. This formal pattern is so strong that
unless there is wholesale demolition on the site, the "ghost"
of the original 4-square plan, which is a strong organizing
pattern, will remain legible and vestiges of it will always be
apparent. This formal arrangement is an asset, even as the
buildings and the site are redeveloped, because it provides
the basis for a clearly organized plan and provides clues as
to where the best opportunities for connections are possi-
ble. But there are changes. The amount of impermeable
surface is reduced as parking and tractor-trailer-loading
areas become landscaped courtyards. This will address the
runoff and drainage issues raised by the community and
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make the development more environmentally friendly. As
drawn here, the process yields other significant changes:

• Orientation of the buildings change as the existing
single entry facing Johnson Drive is replaced by mul-
tiple entrances along the former loading docks on
the sides of the buildings.

• The tenants become lighter, cleaner, technology-
based users that, in keeping with the wishes of the
community, are friendlier to the nearby residences
and the school.

Once this transformation is complete, the industrial park
can become more integrated with the neighborhood,
especially through the greenway connections and a
redesigned formal connection to the middle school. 

Section notes

16 Todd W. Bresi. "Effective Industrial Growth in a Progressive City,"
Places. Summer 1995. Vol. 10, number 1. p. 29-35.

Top: Aerial perspective showing a transformed industrial park and
its new relationship to its context. Right: Aerial photograph of the
Raritan Industrial Park.
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APPENDIX: INDUSTRIAL DEVELOPMENT
PROTOTYPES

A. Industrial Building Types

ULI outlines the broad range of building types typical of
industrial development:

Warehouse/distribution buildings are designed for the
storage and distribution of goods. They have low employ-
ee to area ratios, typically one or two employees per
1000 sq ft which requires little employee parking. They
usually have an attractive front office and good truck
access to the back. In the 1990s 400,000 sq. ft. was con-
sidered large but today one tenant could occupy 800,000
sq. ft. One reason for this is that distribution businesses
are consolidating. Communities often oppose warehouse
space because it offers lower tax benefits and more truck
traffic than other types of industry. On the other hand,
such buildings can generate relatively little daily automo-
bile traffic and can be attractively landscaped.

Manufacturing buildings are designed to accommodate
the equipment for manufacturing processes. Light manu-
facturing can require up to 300,000 sq. ft. while heavy
manufacturing could require up to 1 million sq. ft.
Manufacturing operations need ample room for large
trucks to maneuver. Parking rations are usually low, with
the exception of assembly related facilities. Buildings typ-
ically cover 45-50% of the site. The development of heavy
manufacturing has slowed in the recent past, its place
taken by clean light manufacturing industries that have
contributed significant demand for new industrial space.
Because they focus on technology-based activities, these
industries typically produce fewer of the undesirable side
effects that limited the location of older heavy industries.
Manufacturing facilities often are designed specifically
for a company's manufacturing process.

Flex space is anything between offices and warehouses,
usually combining some part of both. Typically, they are
one to two story buildings ranging from 20,000 to
100,000 sq. ft. The typical usage is 25% office and 75%
warehouse but in many markets the proportion is chang-
ing in favor of office. External designs are generally clean
and aesthetically attractive. Many tenants of the office
space are startup R & D companies, others are sub-
sidiaries of larger companies. Activities range from the
creation and development of new technologies and prod-
ucts to the development, testing, and manufacturing of
products from existing technologies. 

Multi-tenant buildings cater to customer service oriented
tenants such as office, showroom, and service business-
es that require 800 to 5,000 sq. ft. Generally one story
with parking rations of two to three spaces per 1000 sq.
ft. and turning radii in loading areas that are large
enough for small trucks. 

Office/Tech buildings are used primarily for office space
and may provide limited truck access and warehouse
facilities. Typical back office operations have high parking
ratios of 3.5 to 4 spaces per 1000 sq. ft. 

Telecommunications are data warehouses and switch
centers and can be developed through the conversion of
an older building that has access to fiber-optic cable or
the construction of new building solely for telecommuni-
cations use.17

Incubator spaces are typically 140, 400, 1100, 2200,
and 3000 sq. ft. Tenants can grow into a progression of
larger spaces. At least ten tenants are needed to achieve
a critical mass to support and develop a self-sustaining
service program.18

B. Industrial District Types

The urban loft district:
When cities were first industrialized, the multi-story loft
factory was the predominant building type. Sometimes as
large as 150,000 sq. ft. per floor for 10 or 12 floors,
these monumental structures could occupy an entire city
block and house a single, vertically integrated manufac-
turer. There are a few examples of loft districts that were
planned as integrated developments, such as the
Pershing Road development in Chicago. Here elaborately
detailed, monumental loft factories create an urban edge
to a park and residential neighborhoods. While no longer
well suited to many manufactures, this building type has
proven to be remarkably tractable over time and contin-
ues to be used for every kind of use. 

The urban low-rise district:
Despite the fact that the one story factory is associated with
suburban industrial parks, this factory type was well rep-
resented in American cities before the great out-migration
of manufacturing. The typical factory in this district has
high ceilings and there is often a continuous clearstory
band of steel-frame windows that wraps around. The fac-
tories in these districts are usually built out to the street
on all sides. This means that loading often takes place on
the street, although trucks sometimes pull into the build-
ings. The other important contrast with the suburban
industrial park is that in general, the factories are accom-
modated on the continuous grid of streets and blocks,
insuring some measure of connectivity. 

The suburban industrial park:
The suburban industrial park is essentially a campus for
factories. The favored location was along new metropoli-
tan "ring roads" such as Route 128 in Boston. It differs
from the earlier industrial district in its reduced site cover-
age, complete reliance on the horizontal factory, and
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Example: Kalundborg, Denmark

Kalundborg, Denmark is the classic example of eco-indus-
trial development. Twenty years ago, several economic
enterprises, including a power station, pharmaceutical
manufacturer, plasterboard factory, fish farm and an oil
refinery, began an innovative symbiotic relationship ---
called the world's first Eco-Industrial Park. The facilities
share water, steam, surplus gas, and waste materials
through negotiated market relationships that provide
mutual commercial benefits. Initially the waste exchanges
occurred as a result of increasing environmental regula-
tions on the disposal of waste and pollution in the nearby
lake. As these initial partnerships developed and proved
to be fruitful, the businesses involved have pursued net-
work relationships in other areas that improve their envi-
ronmental and community interactions. The businesses
are satisfied with the impact participating in this eco-
industrial network has had on their businesses.19

Section notes

17 Peiser, Richard B., with Anne B. Frej, Professional Real Estate 
Development: The ULI Guide to the Business, Second Edition.
Washington, D.C.: ULI-the Urban Land Institute, 2003.p. 256-258.

18 Bricks and Mortar: How to Find and Design the Best Business 
Incubator Facilities. National Business Incubation Association.
1992. p. 15.

19 Edward Cohen-Rosenthal and Thomas N. McGalliard, Eco-
Industrial Development: The Case of the United States, Cornell
University, 1996.  Sited in Eco-Industrial Development Workbook.
National Center for Eco-Industrial Development, by Maile Deppe
and Mary Schlarb.

emphasis on appearance and landscaping. The suburban
industrial park offers large tracts of inexpensive, easily
developed land with flexibility for expansion and convenient
access. The low-rise factories differ from their urban prede-
cessors in that there is often a more architecturally elabo-
rate front office space clipped onto the basic production
facility. Finally, and perhaps most importantly, the suburban
industrial park provides a precinct exclusively for industry.
Typically there is only a single point of access and through
roads are vigorously avoided. 

The suburban office park:
As industries became smaller and cleaner, it became possi-
ble to create corporate campuses that contained a greater
variety of uses - from office buildings, to laboratories to so
called "flex industrial" buildings. The flex industrial building
has replaced the large footprint one-story factory. It tends to
be a narrow, single story building with high ceiling heights
that can be subdivided for different kinds of users. In terms
of site planning, the business parks tend to be more gener-
ously landscaped than the typical suburban industrial park. 

C.  Eco-Industrial Parks (EIP) Types

The National Center for Eco-Industrial Development defined
the following conceptual types of eco-industrial parks:

• Co-Located EIP for Industrial Symbiosis - firms or
municipal facilities are located adjacent to one another.
Co-location is best suited for exchanges where pipe-to-
pipe connections are required. 

• Virtual EIP for Industrial Symbiosis - facilitates the
exchange of byproduct materials across a region. The
"virtual" label captures the notion that computer pro-
grams and systems may be designed to identify
exchange partners, create electronic links among them,
and optimize for efficient transportation of materials
(i.e., logistics).

• Resource Recovery Park (Material Recovery Facility
Park) - built around recycling post-consumer secondary
materials. In its broadest sense, a resource recovery
park can be seen as the co-location of reuse, recycling,
compost processing, manufacturing, and even retail
businesses. In parks of this type, a materials recovery
facility (MRF) may be paired with a number of firms
that manufacture products from materials recovered by
the MRF from municipal solid waste streams.

• Green Technology Park - attempts to capitalize on grow-
ing markets for clean technologies.

• Industrial Eco Park - uses new design initiatives to mini-
mize its environmental footprint. For example, swales
or bioremediation might be used to treat and control
effluent water or run-off water within a park.

• Environmental Management System Park - firms to
work together to implement a common environmental
management system to more effectively track energy
use, water use and pollution, working toward continu-
ous improvement through waste minimization and
other strategies.
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