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ABSTRACT 

Successful architectural design of the biotechnology 

facility depends on a clear understanding of many critical 

issues which face the newly emerging industry. Research 

indicates that insight can be gained through three major areas 

of study. First, understanding of the biotechnology industry 

itself is encouraged through examination of industrial 

application, biotechnology phases, production processes, 

obstacles in biotechnology, company developmental stages, 

methods of company survival, organization/labor force 

characteristics, locational issues and regulatory issues. 

Second, familiarization with the biotechnology facility as a 

building type is provided through exploration of functional 

areas and the spaces which they require, beginning with 

research and continuing through production to final 

distribution of the marketed product. Finally, awareness of 

current viewpoints and widespread concerns which relate to the 

design of the biotechnology facility is provided through the 

examination of safety, human, flexibility, functional, 

operational/maintenance, master planning, security, litigation 

and energy conservation issues. 
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1. EXECUTIVE SUMMARY 

Biotechnology is a newly emerging field which may be 

defined as the application of biological systems to industry. 

The facilities which house biotechnology are also emerging as 

a new building type. Because these facilities are complex, 

countless issues must be clearly understood by those responsi

ble for designing them. In addition to very exacting physical 

requirements for many of the biotechnology processes, there 

are other needs which result in a wide range of operations 

within the facility as well. The biotechnology company is 

actually a community of functions which are different, yet 

interrelated. 

The biotechnology industry itself must first be 

examined in order to better understand the science which 

actually drives the design of the facility. Industrial 

application of biological systems is extensive and varied. 

Products fall into a wide range including medical, environmen

tal and agricultural areas. Phases through which an idea 

passes before becoming an actual marketed biotechnology 

product appear to be fairly consistent in the firms studied; 

they may be designated as basic research, applied research, 

development, preclinical testing, clinical trials, marketing 

research, marketing, manufacturing, finishing, and warehous

ing/distribution. These phases strongly affect the develop
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ment of the biotechnology company. Inasmuch as the existence 

and survival of the biotechnology company are marked by great 

risk, certain obstacles which plague the industry must be 

clearly understood as well as methods of company survival. 

Other areas such as biotechnology company organization/labor 

force characteristics, locational issues and regulatory issues 

must be examined. A more detailed discussion of the industry 

may be found in 3. THE BIOTECHNOLOGY INDUSTRY. 

Another area of examination is that of the biotech

nology facility as a physical entity. Many of the physical 

requirements are exceedingly exacting since they are dictated 

by the science and by the complex processes through which the 

potential products pass. These processes actually drive the 

design, especially in the laboratory, laboratory support area, 

animal facility, development/scale-up/pilot plant, manufactur

ing area, final finishing area, and warehousing area. Other 

facility needs are very different and can be illustrated in 

the more human spaces where scientists are encouraged to 

interact and communicate with one another. These spaces 

include such areas as community/meeting spaces, which are 

considered by many to be among the most critical spaces to be 

included in the facility. Other areas include administrative 

spaces and building support spaces. The designer must not 

lose sight of the fact that in accommodating complex require

ments, biotechnology facilities are afflicted with enormous 
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building and operating costs. Further discussion of biotech

nology building requirements may be found in 4. THE BIOTECH

NOLOGY FACILITY. 

Once the emerging biotechnology industry and the 

complex physical requirements and spaces it demands have been 

explored, one is better able to understand the less tangible 

or programmatic issues which arise over and over again in 

discussions with industry personnel and in the literature. 

These represent viewpoints, opinions, and widespread concerns 

of those knowledgeable in the biotechnology industry, the 

understanding of which appears to be critical to the success

ful design of the biotechnology facility. They are mentioned 

below but are more thoroughly discussed in 5. PROGRAMMATIC 

ISSUES. To begin with is the issue of safety. Many people 

place human safety as the highest priority in the design of a 

biotechnology facility. Such areas as worker safety, product 

safety and environmental safety must be examined carefully. 

Second, human issues are of critical importance in the 

building design. The social environment must encourage 

communication and interaction. High employee morale and a 

cohesive spirit among employees are highly desired in a 

biotechnology company. The physical environment is of great 

importance as well, in terms of human comfort and aesthetics. 

Third, flexibility is a great concern. Since biotechnology is 

a field which changes rapidly, the facilities must be able to 
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change as well. Flexibility needs must be examined in terms 

of expansibility, convertibility, versatility and rearrange-

ability. Fourth, the functional needs of the biotechnology 

company are complex and varied. Fulfilling these needs 

represents the real purpose and mission of the institution. 

They must be understood and evaluated in the design. Next, 

operational/maintenance issues are critically important to the 

biotechnology process. The facility, its systems and equip

ment must be reliable. Superior maintenance practices as well 

as an overall high level of quality are to be encouraged. 

Sixth, master planning is an issue which presents a great 

dilemma to those involved in planning biotechnology facili

ties. Future planning is an ideal way to plan for future 

facilities; yet, given the unpredictable nature of the 

biotechnology industry, long-range planning is very difficult 

if not impossible. Seventh is the issue of security. It is 

imperative that the operations which take place in the 

facility and the facility itself be protected from physical 

harm and that proprietary interests be guarded. Next, 

litigation is a growing area of concern as companies need to 

defend intellectual property rights for products which they 

have developed. Finally, energy conservation, while always an 

important issue, is especially worth noting here since the 

biotechnology facility is such an unusually high user of 

energy. 
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2. INTRODUCTION 

2.1 BIOTECHNOLOGY DEFINITION 

The term, biotechnology, is a difficult one to 

define. In fact there is no formal agreement on a definition. 

There is even wide diversity in the working definitions 

between governmental agencies and research organizations 

within the same agency. A White House working group on 

biotechnology defines biotechnology as "the application of 

biological systems and organisms to technical and industrial 

processes (United States General Accounting Office, 1986, 2) ." 

A more specific definition of biotechnology describes it as: 

... the application of knowledge and tech
niques of advanced biological sciences 
including such techniques as recombinant 
DNA, genetic engineering, monoclonal anti
bodies, cell fusion, tissue culture, and 
related areas of biology and advanced 
bioengineering for research, development, 
or production of commercial products and 
processes (Little, 1986, 2). 

2.2 EMERGING BUILDING TYPE 

The emerging biotechnology industry is a phenomenon 

of the 1980s. It is a youthful field with great potential and 

has undergone tremendous growth during the last few years. 

Certain external factors, incentives and technological 

developments are responsible for the recent emergence of 

biotechnology. These are discussed by Joglekar et al. 
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(1983, 2) and Smith (1981, 3), who examine the applications of 

biotechnology in detail. They include, first of all, the 

realization that the supply of fossil fuels is limited and the 

fact that opportunities exist to use low cost organic sub

stances (such as forestry residues or agricultural wastes) as 

opposed to petroleum-based raw materials. Second is the 

realization that biotechnology processes, which rely on lower 

operating temperatures and pressures, bring about increased 

safety and reduction in energy consumption. Third is the 

belief that biotechnology will bring about reduced environ

mental hazard. 

Trevan et al. (1987, 12), in providing general 

understanding in the field of biotechnology, feel the key 

elements in the success of biotechnology development relate to 

the points that it involves production of a product which can 

be made by no other means and/or it involves producing an 

existing product more inexpensively. Another very important 

point would be that it involves producing products which are 

currently in very limited supply. 

All of these factors have led to a general consensus 

that biotechnology has represented a dynamic area of industri

al innovation in the 1980s which is reminiscent of the 

emergence of microelectronics in the 1960s. "World markets 

for biotechnology products are projected to be on the order of 
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hundreds of billions of dollars by the end of the century 

(Joglekar et al., 1983, 2)." 

Inasmuch as today's biotechnology is such a new and 

emerging field, the facility which houses it is relatively an 

unknown. Because of the tremendous expected growth, there 

will undoubtedly be a very large market for facilities which 

specialize in research, development and manufacturing of 

biological products. Whereas scientific laboratories have 

been designed and built for years, the biotechnology facility 

is comprised, depending upon its developmental stage, of many 

other kinds of spaces as well and actually accommodates a 

whole community of functions. As a building type, the 

biotechnology facility might consist not only of laboratories 

and laboratory support areas but of animal facilities, scale-

up/pilot facilities, manufacturing areas, finishing areas, 

warehousing/distribution areas, support spaces applicable to 

these specific areas and general support spaces such as 

administrative, community and building support areas. These 

spaces run the gamut of highly technical spaces with most 

exacting scientific requirements, to human-oriented, person

able spaces where the psychological well-being of the employee 

and human interaction are priorities. 
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2.3 PURPOSE OF REPORT 

The issues which relate to the newly emerging 

biotechnology company and to the functions which it supports 

are complex and must be carefully examined before the success

ful design of a biotechnology facility can result. Since very 

little has been written specifically on the biotechnology 

facility as a building type, the purpose of this thesis is 

educative. It is hoped that it will serve as a source 

document in aiding those involved in designing biotechnology 

facilities in the future. In order to promote a general 

understanding of the architectural design issues, exploration 

in this study will focus on three major areas. 

First, the biotechnology industry will be examined in 

terms of the industry in general. Industrial application, 

overall biotechnology phases, the production/manufacturing 

process, obstacles in biotechnology, developmental stages of 

a biotechnology company, methods of company survival, the 

organization/labor force characteristics, locational issues, 

and regulatory issues will be explored. Since the design of 

the building type is strongly driven by these issues, the 

biotechnology industry itself must be clearly understood 

before an examination of the facility which houses it will 

have any relevance. 

The second area of focus will be on the biotechnology 

facility itself. It will be explored in terms of research, 
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animal research and testing, development/scale-up, manufac

turing, finishing, warehousing, and specific and general 

support. Service requirements will also be discussed. An 

effort will be made to examine exemplary, successful and 

prototypical attributes of the above from an architectural 

point of view. This area of focus will be the heart of the 

study and will present specific architectural/facility design 

issues and requirements. 

The third area of focus of the thesis will be an 

examination of the programmatic issues which are critical to 

the successful design of a biotechnology facility. Once one 

has a basic knowledge of the industry itself and of the 

facility requirements, he or she will be in a greater position 

to understand the programmatic design issues and to prioritize 

them according to the needs of the specific project. A 

complete understanding of these issues on the part of the 

designer is imperative. These issues include safety, human, 

flexibility, functional, operational/maintenance, master 

planning, security, litigation, and energy conservation. 

2.4 METHODOLOGY 

The biotechnology project was conceived in the fall 

of 1988. An association between the University of Arizona 

Architecture Research Laboratory and the Tucson firm, Anderson 

DeBartolo Pan, Inc., Architecture & Engineering, was formed 
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for the purpose of studying the architectural design of the 

biotechnology facility as a building type. 

Inasmuch as a comprehensively integrated literature 

on this complex facility type is spotty (see 2.5.1 Literature 

Review) , it was decided that the most appropriate and meaning

ful method for research would involve site visits to various 

biotechnology facilities. Robert Hershberger, Dean of the 

College of Architecture at the University of Arizona, and 

Richard Anderson, principal, Anderson DeBartolo Pan, Inc. made 

initial contacts and preliminary site visits to representative 

biotechnology companies on the west coast for the purpose of 

setting up future team visits. It was determined that the 

subsequent site visits would be made by a team of four to 

conduct the actual studies of the facilities. Team members 

included: Will Brown, mechanical engineer, Anderson DeBartolo 

Pan, Inc.; Janet Gibson, graduate student, College of Archi

tecture and research assistant, University of Arizona Archi

tecture Research Laboratory; Manuel Marti, archi

tect/programmer, Anderson DeBartolo Pan, Inc.; and Don ̂ eaman, 

principal and process engineer, Briner/Yeaman Engineering 

Inc., Santa Clara, California. Site visits were of one- and 

two-day duration at each facility. Various officials at each 

of the companies were interviewed, the facilities were 

observed and certain elements of post-occupancy evaluation 

were performed at each of the facilities. 



26 

Initial draft reports were written for each of the 

companies visited and were sent to each of them to see if team 

observations were accurate and to find out if any of the 

information observed was proprietary and therefore should not 

be used in the study. Each of the companies was urged to 

return the rough draft reports with comments. The resulting 

information was organized, edited and combined with other 

resources and available literature. Generalizations were made 

and conclusions were drawn in producing a generic study of the 

important architectural issues involved in the design of a 

biotechnology facility. This thesis summarizes the outcomes 

of this process. 

Since the facilities visited differ in terms of size, 

maturity and types of biotechnology pursued, it would be 

inappropriate to approach their study using statistical 

modeling techniques. Whereas the approach employed is 

certainly subjective, every effort has been made to make the 

model which is developed intellectually rigorous and fully 

supportable by objective evidence. Different types of 

information were available at the different companies; since 

the biotechnology field is so complex, and encompasses so many 

understandings, certain and varied attributes were discovered 

at each facility which provide insight into the industry as a 

whole. Understandings gleaned from each site visit contribute 

more to the general pool of understandings of the biotechnolo
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gy facility building type as a whole than would estimates 

produced by formally specified quantitative models. 

2.5 RESOURCES 

Resources for the biotechnology project are varied. 

They have included: 

2.5.1 Literature Review 

2.5.2 Site Visits/Expert Industry Informants 

2.5.3 Research Team 

2.5.4 Harvard Seminar 

2.5.5 University of Arizona Associations 

2.5.1 Literature Review 

The study began with an extensive literature review. 

The quality of the literature on specific topics which relate 

to the design of the biotechnology facility is highly uneven. 

In some specific areas it is greatly lacking, and in others, 

there is an abundance of literature. For purposes of clarity 

the literature has been divided into four major categories: 

2.5.1.1 Biotechnology 

2.5.1.2 General Aspects of Architectural Design 

2.5.1.3 Examples of Existing Research' Laboratory 

and Industrial Facilities 

2.5.1.4 Regulations and Guidelines 
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2.5.1.1 Biotechnology 

There is much literature in the general area of 

biotechnology. For the most part it falls into the areas of 

scientific biotechnology and applied biotechnology. 

2.5.1.1.1 Scientific Biotechnology. This is the most 

prolific area of literature relating to the field of biotech

nology. It consists of the vast number of scientific publica

tions which discuss explorations and discoveries in all areas 

related to biotechnology. It represents the literature output 

produced in academic institutions and/or in biotechnology 

facilities. Because of the highly technical nature of this 

body of knowledge, it is difficult for the nonscientist to 

apply this information to the design of the biotechnology 

facility itself. For this reason, material in this scientific 

and highly specialized area has generally not been used as a 

major resource for this study; it has been used, however, for 

background information to clarify scientific understandings 

which are basic in the area of biotechnology. 

2.5.1.1.2 Applied Biotechnology. This area includes litera

ture relating to applied biotechnology as an industry. Such 

categories as definitions, trends in biotechnology, industrial 

application, company locational issues and employee elements 

are examined. Even though there are gaps, and comparatively 
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little literature has been found in some related areas (such 

as those of generic biotechnology product activity processes, 

developmental stages of a biotechnology company, methods of 

company survival and future directions in biotechnology), 

literature in this area has been useful in providing a solid 

background of information in helping one to become more 

familiar with biotechnology as an industry. 

Given the dynamic nature of the field and the fact 

that books, articles and other materials are released almost 

daily, it is a rapidly changing (and growing) body of knowl

edge and one which demands current, up-to-date figures which 

are often difficult to locate or are non-existent. Recent 

journal and newspaper articles comprise a large portion of the 

written record in this area. 

Two particularly useful sources of information and of 

general understandings in this area are noted. Marshall 

Feldman (1985) provides insight into the characteristics of a 

biotechnology firm, the attributes of the labor force and 

locational issues concerning biotechnology companies. Steve 

Olson (1986) gives an overview of the biotechnology industry 

from both the scientific and the commercial standpoint. 

2.5.1.2 General Aspects of Architectural Design 

Architectural design issues are divided into general 

categories of literature as they relate to the needs of the 
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laboratory, production facility, warehouse and general support 

areas. 

2.5.1.2.1 Laboratory Design. Some excellent sources have 

been found in the area of laboratory design. Four have been 

particularly useful. The first is the report of a study 

carried out by the Division for Architectural Studies of the 

Nuffield Foundation (Nuffield, 1961). Even though the report 

was published in 1961, it provides a systematic and comprehen

sive source of information on research laboratory design. It 

appears to have served as a basis for laboratory design and 

for how people use space ever since the date of its publica

tion. The ideas presented are thought by many to still have 

validity today. The second source is written by a diverse 

group of six health and safety experts (DiBerardinis et al., 

1987) and introduces the reader to the health and safety 

issues related to the design of new and renovated labora

tories. It explores issues related to the entire laboratory 

building as well as to the laboratory itself and deals with 

concerns common to many specific types of laboratories many of 

which are found in a biotechnology facility. It examines 

general topics of laboratory design including energy conserva

tion and construction topics, and gives examples of laboratory 

layouts and specifications for some major safety equipment and 

laboratory conditions. The third source is an excellent and 
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informative book on the research laboratory as a building type 

(Braybrooke, 1986) . Important design issues are addressed and 

explored in detail with emphasis placed on three key issues of 

laboratory design: flexibility, safety and quality of 

environment. The organization of the book is by chapter, each 

written by a different author. The fourth source, newly 

released and discovered toward the conclusion of the study, 

provides a wealth of relevant and up-to-date laboratory design 

ideas, understandings, practices and guidelines. It is an 

excellent resource which draws on the expertise of many 

contributors who are knowledgeable in the area of laboratory 

architecture (Ruys, 1990). 

2.5.1.2.2 Biotechnology Production Facility Design. Very 

little literature has been found which discusses architectural 

design issues involved in planning a biotechnology production 

facility, specifically in the pilot, manufacturing and 

finishing areas. Cursory mention of the subject can be found 

in articles and books where primary discussion concerns 

related areas. Books on factory design examine some common 

industrial design considerations, some of which could apply to 

the biotechnology plant in a very general manner. As more and 

nore potential biotechnology products are entering the 

manufacturing phase, it is anticipated that the literature in 
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this area will greatly expand and provide many more specific 

understandings to the architect. 

However, two very informative recent journal articles 

have been found which focus on this area of study. The first 

provides an insightful, current discussion of the facility 

requirements of a biotechnology plant from a Food and Drug 

Administration (FDA) point of view. It examines some impor

tant concerns which arise as new technologies are transferred 

from the research laboratory setting to a commercial produc

tion environment (Hill and Beatrice, 1989). The second 

article also explores issues involved in the design of a 

biotechnology bioprocess (production) facility. It is 

especially informative in its examination of the biotechnology 

process as it relates to the production facility (West and 

Snell, 1987). 

2.5.1.2.3 Warehouse Design. Literature found in the area of 

general warehouse design is helpful in providing a better 

understanding of the warehouse facility, which is an important 

part of the biotechnology operation. Even though the actual 

biotechnology warehouse is not specifically discussed in this 

literature, certain attributes of the general warehouse apply 

to those used in biotechnology and serve to enlighten one on 

applicable issues. A helpful source in this area is the work 
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of Joseph De Chiara and John Callender (1980) who present an 

overview of the industrial warehouse as a building type. 

2.5.1.2.4 Design of General Support Areas. There is a large 

body of literature which encompasses the other building 

components which make up the biotechnology facility or 

community. This includes literature in areas which comprise 

the general support spaces found in the biotechnology facility 

(administrative, community and building support spaces). 

Since this category represents facilities which are comprised 

of such a vast number of established functions, and since this 

information is easily accessible, it has generally not been 

emphasized in this study. 

2.5.1.3 Examples of Existing Research Laboratory and Indus

trial Facilities. 

Noteworthy examples of existing research laboratory 

and industrial facilities comprise this category of litera

ture. Whereas the information is informative and helpful, 

again, very little detail is given to the biotechnology 

facility as a specific building type. Much of this body of 

information is found in architectural journals, such as 

Architectural Record and Architecture. where notable design 

examples are reviewed. 
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2.5.1.4 Regulations and Guidelines. 

This area of literature refers to the vast subject of 

federal, state and local governmental regulations and recom

mended rules which play an important role in the field of 

biotechnology. There are many rules and regulations which 

must be strictly followed when designing biotechnology 

facilities. In addition, there are suggested guidelines many 

of which, even though not required by law, should generally be 

observed in a well-designed biotechnology facility. Since it 

is essential that the designer be aware of and understand 

these, they may be considered resources which provide him or 

her with specific building requirements and design recommenda

tions. 

Inasmuch as the biotechnology industry is so new and 

is undergoing such growth and change, this is another area of 

literature which is especially marked by great and frequent 

change, as the policies regulating biotechnology respond to 

the industry's fluctuations. It is a complex area of litera

ture and one where remaining current and up-to-date is very 

difficult, yet very important (see 3.9 REGULATORY ISSUES). 

2.5.2 Site Visits/Expert Industry Informants 

As previously described, the site visits and inter

views with expert company officials were a major resource. 

Interviews at each firm ranged from one to six experts at each 
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divisions and provided extensive knowledge and expertise in 

specific areas. Five biotechnology companies and two academic 

research facilities were visited on the west coast. Facili

ties visited with host contacts which were interviewed are as 

follows: 

• Amgen, Inc. 
Thousand Oaks, California 

Bruce Wallace, Ph.D., Corporate Safety Manager 
(principal contact); Paul Hennigan, Ph,D., 
Plant Manager, Microbial Manufacturing; Mark 
Witcher, Ph.D., Epogen Plant Manager, Pharma
ceutical Manufacturing 

® Beckman Center for Molecular and 
Genetic Medicine 
Stanford University 
Stanford, California 

Loren Lau, Architect, Project Manager, Facili
ties Project Management (principal contact); 
Wayne Paulson, Project Engineer, Facilities 
Project Management; Melford Chudacoff, Archi
tect, MBT Associates, San Francisco 

® California Biotechnology, Inc. 
Mountain View, California 

Jerry Parks, Director of Facilities Procurement 
(principal contact) 

® Chiron Corporation 
Emeryville, California 

Thomas Sanders, Ph.D., Manager, Business Devel
opment (principal contact); David Mitchell, 
Director of Fermentation; Paul Schabran, Manag
er of Therapeutic Product Purification; Ed 
Bailey, Research Director of Facilities; Scott 
Wheelwright, Director of Purification; Nelson 
Hiner, Manteca Plant Manager 
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a Collagen Corporation 
Palo Alto, California 

Louis Fries, Director, Process Development, 
Celtrix Laboratories (principal contact); 
Judith Pallotta, Manager, Production Planning 
and Inventory Control, Celtrix Laboratories; 
Bruce Pharriss, Ph.D., Principal Scientist and 
President, Celtrix Laboratories 

• Genentech, Inc. 
South San Francisco, California 

Michael Edwards, Associate Director, Facilities 
Engineering (principal contact); John Sung, 
Principal Facilities Project Manager; Julie Ma, 
Engineer 

® The Salk Institute 
La Jolla, California 

Dianne Carter, Director of Institute Relations 
(principal contact); Walter Echhart, Ph.D., 
Professor; Gerard J. Spahn, Ph.D., Director of 
Occupational Health and Safety, Director of 
Animal Resources; Robert Swanekamp, Director, 
Plant Services 

2.5.3 Research Team 

The members of the research team were another major 

source of information. Manuel Marti was the chief organizer 

of the site visits and contributed architectural and program

ming expertise to the study. Will Brown and Don Yeaman 

provided understandings related to the engineering aspects of 

the project. With expertise in these areas, supplemental 

information and explanation were available. There was well-

developed feedback from each team member (see 2.4 METHODO

LOGY) . 
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2.5.4 Harvard Seminar 

A specialized seminar on Biotechnology Research 

Laboratory Design, held on July 18, 19 and 20, 1989, provided 

a basic framework of information in the area of biotechnology 

research laboratory design. It was given by the Graduate 

School of Design at Harvard University. The major input came 

from lectures, discussions and field trips led by the seminar 

faculty, Janet Baum, Jeffery Burke, and Bill Wilson, all of 

Payette Associates, Boston. Eugene Bard of BR&A Consulting 

Engineers, Boston, was a guest lecturer. Biotechnology 

laboratory facilities were also visited and included: Sherman 

Fairchild Building, Harvard University; Massachusetts General 

Hospital, Charlestown Navy Yard Lab; and Whitehead Institute, 

Massachusetts Institute of Technology. 

2.5.5 University of Arizona Associations 

Another resource was from associations at the 

University of Arizona. Robert Hershberger, Dean of the 

College of Architecture, was the major advisor for the thesis. 

Other members of the roaster's committee included: Thomas 

Lindell, professor of molecular and cellular biology; Manuel 

Marti, architect and programmer, Anderson DeBartolo Pan, Inc. 

and member of University of Arizona/Anderson DeBartolo Pan, 

Inc. Biotechnology Research Team; and Fred Matter, Director of 
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Graduate Programs in Architecture and professor of architec

ture. 
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3. THE BIOTECHNOLOGY INDUSTRY 

3.1 INDUSTRIAL APPLICATION 

3.1.1 Introduction 

It must be pointed out that biotechnology is not new. 

Its roots date back thousands of years to evidence of agricul

ture through domestication of crops and animals. Beer, wine 

and cheese-making are familiar biotechnology processes which 

have been with us since antiquity (Fowle, 1987, 3). 

Basically, current biotechnology applies biological 

organisms, systems or processes to manufacturing and service 

industries (Smith, 1981, 1) . This was confirmed by the 

majority of the biotechnology companies visited where biotech

nology is defined as an industry where biological substances 

are used as opposed to chemical materials. The final output 

in biotechnology is a biological product which has the 

potential to be marketed (see 4.5.1 Biological Product). 

3.1.2 The Biotechnology Company versus the Pharmaceutical 

Company 

It is necessary to note some of the differences 

between the pharmaceutical company and the biotechnology 

company in order to have a more realistic picture of both 

industries. In terms of such factors as laboratory facili
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ties, cleanliness standards, and adherence to strict regulato

ry issues, they are the same; however, they differ in the 

nature of the science which they pursue. Instead of using 

biological materials, the pharmaceutical company uses chemi

cals. The pharmaceutical company also typically uses much 

greater quantities of materials than the biotechnology 

company. One firm pointed out another difference as relating 

to the cultural environment of each, biotechnology requiring 

a more unique culture and environment for its employees. 

There aren't any truly established role models in biotechno

logy. Biotechnology firms are writing history as they go; 

they are developing a model as they move forward. Pharmaceu

tical companies, on the other hand, have a well established 

corporate culture; they always have the luxury of taking a 

long look at their industry. The biotechnology scientists are 

just now starting to define a corporate culture. If they are 

not imaginative and inventive risk takers, they simply do not 

survive in biotechnology. The environment which is supportive 

of biotechnology researchers must have special attributes 

which address their needs (see 5.2 HUMAN ISSUES). Pharmaceu

tical companies have been slow to embrace biotechnology, 

perhaps because of the risks involved. They have, however, 

dovetailed behind to license and market proprietary products 

which have a therapeutic purpose. Biotechnology companies are 

not adept at the process/procedure of taking a future thera



41 

peutic.agent through the various phases of clinical trials to 

establish efficacy demanded by the Food and Drug Administra

tion (FDA). 

There is overlap between the two industries. Some 

biotechnology companies are involved with the making of drugs 

as well as biological products (for distinction between these 

terms see 3.9 REGULATORY ISSUES). As will be mentioned, many 

pharmaceutical companies interact with the biotechnology 

companies and often perform some of the operations for the 

biotechnology company such as clinical trials, manufacturing, 

finishing, and marketing. The research and development 

operation, such an important facet of the biotechnology 

company, is of great interest to the pharmaceutical company 

which sometimes takes the potential product from that point 

and carries it through subsequent stages of development and 

production. 

Some biotechnology companies, in looking to the 

future, have hopes of eventually becoming direct producers of 

pharmaceuticals themselves as they develop and manufacture a 

"blockbuster" product. Some companies have already reached 

this stage (including one of the firms visited). Others do 

not see this as a goal and instead, wish to remain strictly in 

biotechnology, allowing larger outside firms to perform 

certain operations for them, especially when they lack 

expertise in getting a product to market. 
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3.1.3 Multi-disciplinary Aspects 

The difficulties in defining biotechnology satisfacto

rily have been mentioned and extend to the widely diverse 

applications of the field as well. Since biotechnology 

encompasses many disciplines, it involves a wide variety of 

distinct subject areas and represents an immense breadth of 

knowledge and skill in both theory and application. Biotech

nology studies the integrated application of these many 

disciplines on marketable biological products. 

A key factor in understanding the application of 

biotechnology relates to a major distinction between the 

various scientific disciplines (such as biology) and biotech

nology (Smith, 1981, 2). This distinction is associated with 

the scale of operation. The biologist works with very small 

quantities in gaining understanding of life processes whereas 

the biotechnologist, interested in the production of a product 

as well as the research, needs to scale-up the biological 

process of interest. 

Many complex and difficult issues arise in the scale-

up process which will be discussed later in more detail (see 

3.4.1 Scale-up). Generally speaking, however, many organisms 

which can be successfully fermented in the laboratory behave 

differently in large-scale fermentation thereby losing the 

desired characteristics induced in the laboratory (Feldman, 

1985, 66-67) . Taking an idea and turning it into a successful 
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commercial product through the stages of research and develop

ment, scale-up, manufacturing, finishing, marketing, sales and 

distribution requires the expertise of those in many disci

plines. 

Trevan et al. (1987, 4) discuss the multidisciplinary 

attributes of biotechnology where contributions are made by 

biochemists, microbiologists, geneticists, molecular biolo

gists, cell biologists, botanists, agricultural scientists, 

virologists, analytical chemists, biochemical engineers, 

chemical engineers, control engineers, electronic engineers 

and computer scientists. There are many others in the 

science/engineering disciplines in addition to those who 

create a marketable technology such as economists, accountants 

and managers. 

3.1.4 Genetic Engineering and Fermentation 

Marshall Feldman (1985, 66) discusses the industrial 

application of biotechnology as basically consisting of two 

components: genetic engineering and fermentation. They are 

both strongly tied to DNA which is the genetic makeup of a 

cell and governs the reproduction of cells in all living 

organisms. In the 1970s, scientists learned how to alter the 

genetic code by "recombination," which is the cutting of a 

piece of DNA and the splicing of another piece of DNA to the 

original; the new DNA molecule (recombinant DNA or rDNA) can 
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then be inserted into a host microorganism which reproduces 

itself. Genetic engineering or gene splicing is the process 

of isolating and characterizing genes of interest and intro

ducing them into recipient cells which act as miniature 

"factories" to produce biological products, such as proteins, 

peptides and organic molecules, which are desirable for the 

marketplace. Fermentation is the process by which the 

genetically modified microorganisms are mass-produced. In the 

majority of the biotechnology firms visited, emphasis is 

placed on genetic engineering and fermentation techniques. 

The scientific breakthroughs in the techniques of 

genetic engineering described above revolutionized the field 

of biotechnology. As discussed by Olson (1986, 3), in being 

able to manipulate genetic materials on the smallest scale 

(that of the individual gene), researchers were given a new 

and unprecedented degree of control over the genetic constitu

tion of living things. Not only were they able to understand 

the genetic structure but they had the ability to change it. 

The capacity to introduce completely new traits into exiting 

organisms gave rise to an entirely new industry with great 

potential: biotechnology. The effect on molecular biology, 

immunology and other scientific disciplines has been stagger

ing. Being able to extract a gene coding for a desired 

product and transferring it to another organism has opened the 

way to more effective production of useful proteins and to the 
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introduction of novel characteristics in the host organism 

(Trevan et al., 1987, 6). 

3.1.5 Monoclonal Antibodies 

However, recombinant DNA is only one of the techniques 

which has led to the development of biotechnology since the 

1970s (Olson, 1986, 25). Other procedures have also contrib

uted to the growth of the field, one of the most prominent 

being that of cell fusion. This process combines the constit

uents of two different cells in order to form a single hybrid 

cell. The most important outgrowth of cell fusion is the 

production of monoclonal antibodies which Olson describes as 

accounting for more commercial products than rDNA (at the time 

his book was published in 1986). Through the fusion of a 

tumor cell with an antibody-producing white blood cell, an 

almost immortal clone of cells producing chemically identical 

antibodies results. Monoclonal antibodies have found a wide 

range of uses in research. They are also used in some in 

vitro diagnostic tests (grown outside the living body in an 

artificial environment) to detect disease. In addition, 

monoclonal antibodies are being investigated "within the body 

to expose diseased areas to scanning instruments, to confer 

passive immunity against disease or to carry biologically 

active agents to diseased tissues (Olson, 1986, 5)." 
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3.1.6 Industrial Activities 

Biotechnology has and will continue to affect indus

trial activities which include, among others, human and animal 

food production, provision of chemical feed stocks to replace 

petrochemical sources, alternative energy sources, waste 

recycling, pollution control, agriculture and new products to 

aid and revolutionize many aspects of medicine, veterinary 

sciences and pharmaceuticals. These industries will be based 

on renewable and recyclable materials which will be adapted to 

the needs of society where energy is becoming increasingly 

scarce and expensive (Smith, 1981, 1). 

3.2 OVERALL BIOTECHNOLOGY PHASES 

Phases in biotechnology through which an idea passes 

from its inception in the most basic research phase to its 

final distribution as a marketed commercial product are fairly 

typical. They may be designated as basic research, applied 

research, development, preclinical testing, clinical testing, 

marketing research, marketing, manufacturing, finishing and 

warehousing/distribution (Figure 1). 

3.2.1 Basic Research 

This is the most fundamental phase in the biotechnolo

gy process. It involves the discovery work done at the 

laboratory bench level where the idea is generated from ground 
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Figure 1. Biotechnology Phases 

zero. This type of research is traditionally, although not 

always, performed at academic and specialized research 

institutions. Work resulting from this type of research is 

often published in peer reviewed journals once patent rights 

have been secured. 
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3.2.2 Applied Research 

Most of the biotechnology companies visited begin with 

this phase where the research departments take the above 

mentioned ideas and technologies and examine them more 

closely. Work is often aimed at identifying or constructing 

microorganisms or cells which will provide economically viable 

products. This applied research extends through the bench top 

phase. An example might be to look at a promising blood 

factor and to clone it to see how it performs and how it can 

be improved to ultimately produce a potentially marketable 

product. One of the firms visited describes this phase as 

comprising work up to and including production or expression 

of the protein in a microbial cell system. Another aspect of 

this phase includes some preliminary (pre preclinical) animal 

testing; sometimes this is the only way to find out if the 

proposed product performs as it should in the type of animal 

to be used in preclinical testing. 

3.2.3 Development 

One of the biotechnology companies visited defines the 

development phase as one which includes work after the gene 

has been expressed or produced where the purpose is mostly to 

improve yields, purities and diagnostic sensitivities. 

Typically this phase of the process takes the potential 

product from the petri dish, test tube or Erlenmeyer flask 
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(from the laboratory bench scale performed in research) to a 

larger pilot plant investigation to determine the optimal 

operating conditions. It must be remembered, however, that 

"development" is a fuzzy word; whereas it can refer to work 

done in the scale-up/pilot facility, it also alludes (espe

cially in its initial stages) to work done in the laboratory 

immediately following the research phase. The terms "pilot," 

"scale-up" and "product development" are used synonymously 

with development. During this phase, issues are explored 

along the process sequence to see if the methods used are 

working and to clearly understand the product process before 

large-scale manufacturing begins. Generally, the company is 

not as concerned with the production at this stage as with 

trying to work out the process. Although working volumes vary 

from company to company, generally a range of 10 liters to 300 

liters (seed tanks or small-scale fermenters) was observed at 

the pilot stage. It is much more economical to explore 

methods and to make mistakes at a relatively small scale than 

it is at the larger manufacturing scale. The pilot plant 

represents smaller scale production than full-scale manufac

turing. 

3.2.4 Preclinical Testing 

Preclinical testing can be thought of as a branch of 

development; it occurs at the same time. It refers to studies 
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in animal models which are necessary to support the Food and 

Drug Administration (FDA) application in order to begin human 

clinical testing. It determines effective dose levels and 

toxic levels of the product. Generally the FDA wants to be 

convinced that the product will do something desirable for the 

disease and that it is safe to use. Most of the companies 

visited start preclinical testing with mice and rats. 

Preclinical testing can be discussed in terms of 

phases. First is the semi-controlled animal test to see if 

the product does what one thinks it should. Next, more animal 

models are employed for additional animal testing. Sometimes 

this can be very difficult since different species respond 

differently from one another and from humans. For example, 

there is no animal species which gets AIDS in the same way 

humans do, so it is impossible to know from the test if the 

effect of the product will reduce the disease; or a virus such 

as rabies might make one animal sick yet kill another (bats 

can have rabies without being harmed, yet dogs die from it). 

The third phase is toxicology, which is a formal mandated 

testing procedure. There is acute toxicology, which is a 

short testing procedure using a very high dose, and subacute 

toxicology, where studies last two to four weeks. Other 

toxicology studies are performed as well. Animal testing is 

necessary before products of biotechnology can be tested in 

humans. 
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3.2.5 Clinical Testing 

After the product has been shown to function appropri

ately in animal models, it is tried in humans. Clinical 

testing follows preclinical testing yet is also done concur

rently with the development phase. Permission from the FDA is 

a prerequisite. The product is administered by clinical 

scientists in very carefully monitored situations. Clinical 

trials for pharmaceutical products are conducted in three 

phases. 

Phase I is directed toward determining safety, side 

effects, dosage levels and bioavailability. A safety profile 

is generally developed without exposure to very many people; 

the usual number of people exposed is ten or twelve and the 

work is performed at one or two sites. Volunteers are normal 

(not diseased). 

Phase II is a study to determine the effectiveness of 

the drug. It involves patients and requires form/consent and 

review board approval. The usual number of patients is 

expanded to a few hundred and sites to six. These are open 

label studies (single-blind), where the doctor but not the 

patient knows the makeup of the test and control groups during 

experimentation. Preliminary evidence is gained as to the 

efficacy of the product. Desired response and absence of 

diverse reactions are the goals. 
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Phase III involves the study of a large patient 

population. It is a double-blind testing phase. Neither the 

patient nor the doctor knows the makeup of the test and 

control groups during experimentation. It is all done by 

consent. The number of patients is situational and varies 

between several hundred and several thousand. This is the 

final stage of clinical studies before the submission to the 

FDA of an application for approval of a new drug or licensure 

of a biological product. 

3.2.6 Marketing Research/Marketing 

Marketing research involves analysis which enables the 

biotechnology company to see if the potential product will be 

profitable. It is performed prior to manufacturing. By 

considering such factors as patent expiration, anticipated 

needs for the product, and the production costs, the company 

is able to make judgments regarding the sales cost of the 

product and the volumes to be produced. Marketing research 

helps the company make knowledgeable decisions regarding the 

manufacturing of the product and the development of the 

facilities which will be required. Once it has been deter

mined the company is ready to manufacture the product, 

marketing and sales operations begin so they are in full swing 

by the time the product is manufactured. Marketing and sales 

are critical to the commercial success of the product. 
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3.2.7 Manufacturing 

After it has been proven that the product can be 

successfully scaled-up, that it will be profitable and after 

the FDA has approved it, it can be manufactured. Manufactur

ing replicates the product process developed in the pilot 

plant but is on a much larger, commercial scale. 

In the companies visited the production phase is 

typically split between manufacturing and finishing. Most of 

those with full manufacturing capabilities generally perform 

fermentation (or sometimes another form of biological synthe

sis) , recovery and sometimes purification in a separate 

facility from the finishing stages of formulation, filling and 

packaging. For purposes of clarity the term "manufacturing" 

will refer to the first stages (fermentation, recovery and 

purification) in this thesis. Another term used to describe 

the process after fermentation (of recovery and purification) , 

when a series of steps results in a purified protein product, 

is "downstream processing;" here the definition customarily 

refers to the process as beginning with the recovery operation 

(Wheelwright, 1989, 90 and 94). Since the manufacturing 

process (of fermentation and downstream processing) is so 

important, it will be examined more fully in a subsequent 

section (see 3.3.2 Manufacturing ProcessK— 
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3.2.8 Finishing 

Because there are such stringent cleanliness require

ments for this phase where potential contamination can be such 

a problem, finishing is generally regarded as a separate phase 

in biotechnology. Many biotechnology companies send the 

product to a major pharmaceutical company to perform these 

operations since the finishing facility is such an expensive 

one to build. Here the manufactured product generally 

undergoes such activities (depending on the product) as 

formulation, filling, freeze-drying, capping, labeling and 

packaging (see 4.6 FINISHING FACILITY). 

3.2.9 Warehous inq/Pi str ibut ion 

This phase involves the warehouse storage (safekeep

ing) of the product, its release and final distribution as a 

marketed product. Many products of biotechnology must be 

stored under conditions which will preserve biological 

activity, i.e., refrigeration. 

3.3 PRODUCTION PROCESS 

3.3.1 Product Process 

General understanding of the complex process which 

takes place in producing a biotechnology product is exceeding

ly important. The process is the major driver in the design 
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of the biotechnology facility and because of this, its 

critical role cannot be underestimated. Among others, it is 

essential that a process engineer be consulted before produc

tion facilities are designed in order to insure adherence to 

the important issues implicit in the process. 

The biotechnology product process, based on 

biological synthesis, usually uses water-based solutions and 

cold or close-to-room temperatures (as opposed to chemical 

synthesis where high temperatures and pressures are often 

used) (Olson, 1986, 14) . This gives rise to much of the 

promise as well as to problems in large-scale application. 

Although the companies visited are at different 

stages of development and the products and methods of produc

tion differ, the basic product activity process is consistent 

and fits a generic pattern. In some cases, because of the 

nature of the product, certain steps are omitted or others 

added. For example, in one of the companies visited, where 

the major product does not undergo fermentation, manufacturing 

still utilizes a process reminiscent of the downstream 

processing operations. 

There are basically four steps required in the pro

cess of producing a product in biotechnology: (1) biosynthesis 

(usually fermentation), (2) recovery, (3) purification, and 

(4) finishing (Figure 2) . As mentioned earlier, the recovery 

and purification steps are often referred to as downstream 
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Figure 2. Product Process Steps in Biotechnology 

Source: after West and Snell, 1987, 26 

processing. The typical generalized manufacturing process 

(fermentation and downstream processing) will be described 

below. 

3.3.2 Manufacturing Process 

3.3.2.1 Fermentation 

Generally in biotechnology, biological conversions 

utilize a fermentation process. According to Smith: 
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The processes of commercial fermentation are 
in essence very similar no matter what organ
ism is selected, what medium is used and what 
product is formed. In all cases, large 
numbers of cells with uniform characteristics 
are grown under defined, controlled condi
tions (1985, 39). 

Smith goes on to point out the fact that with minor modifica

tions the same apparatus can be used to produce an enzyme, an 

antibiotic, an organic chemical or a single cell protein. The 

primary aim of fermentation is to optimize the growth of the 

organism or of the product produced by the organism. This 

objective can be achieved through maintaining optimum cultured 

conditions, which may include temperature, pressure, shear 

rate, nutrient concentration, oxygen concentration and pH 

(Hubbard, 1987, 168). Or, it can be achieved through appro

priate genetic engineering of the gene prior to introduction 

into the organism of choice. Ideally, the process minimizes 

the use of raw materials and energy and maximizes product 

purity and quality in the broth before recovery (Smith, 1985, 

41) . 

The fermenter or bioreactor is the containment system 

where fermentation takes place. There are three main opera

tional types of fermenters; they can operate on a batch, fed-

batch (semi-continuous) or continuous basis (Smith, 1985, 45). 

In batch processing the ingredients are combined in a bio

reactor, the conversion takes place and the bioreactor is 

emptied before the process can begin again. In continuous 
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processing the ingredients enter the bioreactor, and the spent 

medium and products leave it continuously (Olson, 1986, 22). 

The fed-batch system is intermediate between the two. 

Whereas continuous techniques are widely used in 

research, the batch and fed-batch systems are dominant in 

industry for many reasons, some of which are: small quantity 

of products required at given times, intermittent market 

requirements, short shelf life of some products, requirements 

of high product concentration in broth to optimize downstream 

processing, production of certain products during only 

stationary phase of growth cycle, regular renewal required of 

some production strains because of their instability, and many 

technical difficulties still present in continuous processing 

(Smith, 1985, 48). Advantages of continuous processing on the 

other hand can be higher productivities and lower costs since 

the cells or enzymes are reused continuously and the product 

is often easier to recover (Olson, 1986, 22). 

3.3.2.2 Downstream Processing 

Downstream processing is used here to describe the 

process of recovering the product after fermentation and 

taking it through a series of steps which result in a purified 

product. 

The recovery step recovers the product after fermenta

tion so it can go back into production again. The basic goal 
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is to collect or harvest, not necessarily to purify, at this 

stage; however, purification is always a desired side effect. 

As Wheelwright (1989, 95-96) discusses, the recovery stage 

starts with the spent medium and ends with an aqueous solution 

which contains the product protein. The cells are first 

separated in order to recover the desired material. Many 

product proteins are insoluble and are located inside the cell 

mass (intracellular or non-secreted products); this involves 

extensive recovery procedures where the packed cells must be 

broken, the debris separated out and the product protein 

recovered either from the liquid inside the cell using 

concentration (by ultra-filtration or adsorption), or from the 

cellular debris (by extraction with detergents or otherwise). 

On the other hand, if the product is in the medium then 

recovery is much simpler (Wheelwright, 1989, 96). 

Wheelwright goes on to discuss the purification steps. 

Once a soluble concentrate is obtained in the recovery 

process, purification consists of steps which increasingly 

remove impurities and increase the concentration or purity of 

the product. It is very difficult if not impossible to 

achieve 100 percent purity in the final product; however, the 

degree of purity required is high and is dictated by the 

intended use of the product. For example, only 95 percent 

purity may be required for an in vitro diagnostic (one grown 

in an artificial environment), yet a therapeutic may require 
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99.9998 percent purity. Ideally the process will achieve the 

specified purity at a low cost and in a short amount of time 

(Wheelwright, 1989, 90). 

Once purified, the product goes to the finishing 

phase, where subsequent functions of formulation, filling and 

packaging are performed under conditions of extreme cleanli

ness. From here the product undergoes warehousing and 

delivery to the marketplace. 

3.3.3 Hosts 

Through the new methodologies that arise from develop

ments in the biological sciences and especially through 

genetic engineering, different methods, vehicles or biological 

hosts have been used and developed by biotechnology companies 

in the production of the final product. Whereas other 

constituents not discussed in this report are utilized in the 

industry, of the biotechnology companies visited, basically 

three such vehicles are being used and are typical in biotech

nology: bacteria (mostly Escherichia coli, commonly referred 

to as £. coli), mammalian cell cultures and yeast. These cell 

types act as hosts to biologically produce gene products of 

interest not only for research, where scientists can study 

their structure and function, but in the manufacture of a wide 

variety of products for commercial use. By using host cells, 

or vehicles, many copies of the desired gene product can be 
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produced; sometimes, as with bacteria, this can be done in a 

relatively short period of time because of their short 

doubling time. 

Some of the companies have found it useful and 

expedient, if resources are limited, to concentrate on one 

vehicle; other companies have found they are able to develop 

each of them and do very well with expression in different 

cell systems. According to company spokesmen, E. coli and 

mammalian cells are predominant and are the most popular hosts 

used in biotechnology. The company visited which uses yeast 

almost exclusively does so because company scientists have 

such strong capabilities and expertise in this area. Each of 

the vehicles has different attributes which strongly affect 

the production process. It is important to have a basic 

understanding of these attributes since the design of the 

production/manufacturing facility can be substantially 

influenced by them. 

3.3.3.1 Escherichia coli 

The first vehicle to be discussed is the bacteria, 

Escherichia coli (E. coli). Since the genes of E. coli, and 

its viruses, the phages, are better understood than those of 

any other life form (Watson et al., 1987, 176), it is not 

difficult to see why rDNA technology utilized E. coli right 

from the beginning and why E. coli has been so widely used in 



62 

genetic engineering. It is a model microorganism in biochemi

cal and genetic investigations and it grows readily on simple 

nutrient media (Walker and Cox, 1988, 90). 

There are, however, two major problems with the use of 

E. coli. The first is the fact that it manufactures its 

products intracellularly (products are within the cell and are 

not secreted). This necessitates complex, expensive and time-

consuming techniques in the recovery of the product after 

fermentation, since it is more difficult to isolate the 

product from the cell. A much more desirable product would be 

one which is secreted into the medium outside the cell. The 

second problem is the fact that E. coli produces highly toxic 

substances, endotoxins, which not only can present problems to 

those working with the substances but in addition must be 

rigorously eliminated from the final product if it is to be 

administered therapeutically. The companies visited which use 

E. coli feel it is relatively safe, however, because they 

generally use genetically modified safe strains of it and take 

great safety precautions and care in its use. If used haphaz

ardly, the endotoxins or pyrogens in extremely low concentra

tions can cause severe respiratory problems, shock and can 

raise body temperature, so great care must be taken during its 

use. Such practices as the use of uncontained centrifuges 

could be a problem when working with large quantities of E. 

coli. 
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An important implication in the use of this bacterium 

is that it allows a company to have more than one product in 

one manufacturing facility without the added worry of cross 

contamination, and it facilitates the handling of products on 

a rotating basis. In this way the plant need not be entirely 

dedicated to the use of only one product. 

3.3.3.2 Mammalian Cells 

Second, another vehicle typically used by biotechno

logy companies and by some of the companies visited, is 

mammalian cells. These can be used in large scale growth for 

production of protein products; however, 

large scale culture of mammalian cells is far 
more costly and difficult than that of bacte
rial, yeast, or even plant cells, and their 
commercial use is therefore limited to the 
preparation of molecules which are natural 
products of the animal cells, such as viral 
particles (for vaccines), hormones or mono
clonal antibodies (Trevan et al., 1987, 141). 

The increased cost can be justified, however, by the implicit 

value of the products produced. Protein products of mammalian 

cells are likely to be more applicable to treatment of humans. 

They are extremely fragile, and fermenters which are designed 

for the growth of microorganisms are often unsuitable for 

growth of mammalian cells (Walker and Cox, 1988, 16). Because 

contamination by microorganisms (bacteria and yeast) is such 

a problem, the use of mammalian cells requires the manufactur

ing plant to be dedicated and balanced to that product or 
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products derived from other mammalian cells. Of the companies 

visited one such plant, completed in 1988, is in operation; it 

uses a mammalian cell culture process where the product is 

secreted into the medium. 

3.3.3.3 Yeast 

Finally, the third vehicle discussed is yeast, which 

is evolutionarily between E. coli and mammalian cells. Yeast 

is a unicellular microorganism (like bacteria) and, like 

bacteria, is much easier to grow than mammalian cells. Yeast 

is also very safe to use since it produces no endotoxins. It 

grows more slowly than E. coli and it is a very good producer. 

According to one company representative, there is some feeling 

that there can be problems with stability of the protein 

molecules produced through fermentation. This is most likely 

due to the presence of many proteases in yeast which have the 

potential to degrade the protein product of interest. 

Advantages in the use of yeast, aside from worker safety, are 

that it can be induced to secrete its products into the 

medium, and that it does not produce toxic compounds (Olson, 

1986, 24). 
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3.4 OBSTACLES IN BIOTECHNOLOGY 

3.4.1 Scale-up 

The term "scale-up" refers to the translation of a 

process to a larger scale. As previously mentioned, this 

refers typically to the process development phase or pilot 

phase when a potential product is taken from the laboratory 

bench scale and increased to a volume of around 10 liters or 

more in order to explore the difficult issues involved in 

manufacturing the product on an even larger scale. The term 

"scale-up" also refers to this subsequent stage of increasing 

the scale from the pilot scale to large-scale manufacturing. 

One of the greatest obstacles to the spread of 

biotechnology has been in the area of scale-up. When process

es change from the laboratory bench scale to the large 

manufacturing scale, the results are not always the same. 

Many of the organisms which were successfully fermented in the 

laboratory produce unstable results and lose the desired 

characteristics when fermented in production volumes. 

Difficulties involved in the process of scaling-up to 

industrial levels must be understood in order to better plan 

a successful facility. These are discussed by Olson (1986, 

22-24) and Winkler (1988, 126-127) and some, but not all, of 

these problems are mentioned below. First, maintaining a 

homogeneous mixture of nutrients and dissipating the large 
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quantities of heat which are generated in the fermentation 

process are much more difficult in large full-scale industrial 

bioreactors (fermenters) than in small bench top flasks. 

Second, sterilization is critical in preventing contaminants 

from destroying the cells or enzymes or from introducing 

impurities into the final product, yet problems arise from its 

use; sterilization by steam of the large fermenters often 

disables sensors which monitor the process of the ongoing 

reaction. This can lead to breakdowns in the process and 

interferes with the success of the final product. Third, 

problems associated with bulk handling of large quantities of 

materials can be seen by the long periods of time required for 

discharge, cleaning, sterilization and recharging fermenters. 

Solutions can often result from use of specialized equipment, 

such as separate or continuous sterilization systems or more 

powerful pumps, but the additional cost, which can be substan

tial, must be justified in terms of the benefits received. 

Fourth, sometimes different materials are used in large-scale 

production operations such as commercial-grade chemicals 

instead of analytical grade or use of metal rather than glass 

which can introduce contamination problems. Fifth, problems 

can arise from the different ways in which process parameters 

are affected by the size of the unit. One feature of the 

success of the microscopic reaction systems of microorganisms 

is their enormous surface area relative to their volume. 



A series of vessels of geometrically similar 
proportions but different volumes have their 
volume proportional to the cube of the vessel 
diameter, but the vessel wall area propor
tional to the square of the vessel diameter, 
so that the specific surface relevant to heat 
transfer into cooling jackets, is proportion
al to the reciprocal of the vessel diameter 
(Winkler, 1988, 126). 

Since it is virtually impossible to reproduce identical 

environments on different scales, key parameters must be 

identified and the selection based on one to which the process 

is the most sensitive. Sixth, in fermentation, genetically 

engineered cells can always mutate or revert to an earlier 

genetic state making the products of fermentation useless. 

This can be a costly issue in terms of time and money as 

fermentation is scaled up to larger volumes. 

Many other problems exist as well, but these have been 

mentioned to illustrate some of the complexities involved in 

the process of shifting to larger volumes as a company 

prepares to manufacture a product. Scale-up is one of the 

greatest obstacles to be faced and success of the product can 

be dependent upon the methodologies used. New technologies 

which are rapidly developing in this area will have great 

influence upon the industry's success. 

3.4.2 Downstream Processing 

The downstream processing or recovery and purification 

of products from dilute aqueous solutions also presents 
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complex problems. Because of this, this step in manufacturing 

is often more expensive than the fermentation itself. 

Following fermentation, the one desired protein product must 

be isolated from the thousands of other proteins which were 

also produced by the microorganism, and then purified. With 

large volumes of materials this becomes especially difficult, 

especially when the product has been produced intracellularly 

(as is the case with the widespread use of E. coli as a 

vehicle in the process); as was mentioned earlier, when the 

product is within the cell, great measures must be taken to 

recover it. In the case of such hosts as E. coli, toxic 

substances (endotoxins) must also be rigorously eliminated 

from the final product. An easier method can be used when the 

product is secreted extracellularly since in this case it is 

not necessary to work as hard to purify it. Subsequently in 

all cases the protein, once isolated, must be purified 

rigorously to eliminate contaminants from the final product. 

This involves many and costly steps. It is worth noting that 

the ingredients put into the process to aid production must be 

removed as well. 

There is a great need for new technologies to increase 

the efficiencies of these operations. One of the companies 

visited feels a basic reason for its success is expertise in 

this area where high yields and good purification techniques 

save many costly and time-consuming steps. In addition to 
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finding new techniques in the process technology, it is also 

important to find hosts which can be induced to secrete their 

products to the surrounding medium and which do not produce 

toxic compounds (Olson, 1986, 24). 

3.5 DEVELOPMENTAL STAGES OF A BIOTECHNOLOGY COMPANY 

The actual process of the product drives the growth of 

the biotechnology company. Growth and development patterns 

were described by one biotechnology firm visited in terms of 

three stages; these were determined by the fact that each of 

these stages is typically characterized by the necessity of an 

infusion of large amounts of money (see 3.6.2 Fund Raising). 

Since this company did not have a finishing facility at the 

time, this operation has been included as a logical fourth 

stage. The four stages will be examined below. Some of the 

issues which arise and change as the company moves from one to 

the next will be addressed. 

3.5.1 Stage One: Start-up 

3.5.2 Stage Two; Clinical Testing 

3.5.3 Stage Three: Manufacturing 

3.5.4 Stage Four: Finishing 

3.5.1 Stage One: Start-up 

As concluded from the site visits, there are three 

prerequisites to starting a biotechnology company. The first 
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is a great need for competent, capable, creative people; they 

are the start-up company's greatest asset. It is no coinci

dence that the biotechnology company is typically founded by 

one or more high level university scientists and one or more 

experts in the area of business (see 3.7.2 Labor Force 

Characteristics) . The second necessity is for good ideas. It 

is important and is common practice that the biotechnology 

company start with a base of one or more specific projects in 

mind or with promising ideas which have the potential of 

becoming successful commercial products. The third pre

requisite is financial. The company needs a large amount of 

money initially to begin and to carry itself through the 

research and development phase (see 3.6.2 Fund Raising). 

In all of the companies visited, frugality is consid

ered to be an important issue at this stage. Since future 

success is unknown at this time, initial expenses must be 

minimized where possible. It is generally advisable to rent 

or lease as much as is possible at this time since this 

requires smaller cash outlays. It would usually be in the 

company's best interest if the landlord did the tenant 

improvements or the fitting of the rental shells for laborato

ries, but this is rare since most landlords feel it is too 

risky; as a result, most companies put in the laboratories at 

their own expense. 
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Another point of particular importance, not only 

through all stages of development but most critical at the 

company's beginning, relates to human issues. There is a 

great need to recruit and keep the most qualified people. The 

company must have some special qualities which will help it 

attract the top people and keep them. The facilities play a 

role in this. As one company pointed out, it is difficult to 

recruit people to work in a garage. So, not only must the 

facility have the capability of allowing the necessary 

functions to be performed, but it must be a nice place to 

work. Other human qualities relate to interaction, communica

tion and a feeling of cohesiveness, all of which are essential 

qualities at the start; interaction and communication between 

scientists foster technical transfer of information and 

creativity, and between the executives and the employees help 

to bring about a cohesive spirit (see 5.2 HUMAN ISSUES). 

Another need at this time is the development of a 

patent protection department. It is important from the 

beginning to be aware of proprietary issues. The company must 

insure the safeguarding of its ideas and discoveries. 

Another critical issue, important throughout the 

company's development, but most important at the beginning, is 

flexibility. It is a known fact that the company will change 

and grow unpredictably. Its facilities must be able to 

respond to change and growth (see 5.3 FLEXIBILITY ISSUES). 
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Stage One includes the research and development phases 

and the preclinical testing functions. At first, labora

tories, laboratory support spaces and general support spaces 

are a part of this stage; once research is underway, animal 

facilities are added as well. Animal preclinical testing can 

be done by an outside group if the company cannot afford to do 

it in-house; however, some provisions for on-site animals must 

be made for research requirements. When the potential product 

is ready to go to clinical trials, new issues must be ad

dressed. 

3.5.2 Stage Two: Clinical Testing 

When the testing on humans begins, the biotechnology 

company takes on different attributes. Before the actual 

clinical testing can begin, however, the company needs to have 

established quality control and regulatory departments, which 

need to have done the groundwork in document writing for the 

FDA. 

To begin clinical trials a whole new branch of the 

company is required: a clinical affairs group must be added 

to work with the testing data and to analyze it. This can be 

done in-house or, if funds are a great problem, it can be 

performed by an outside group (yet it is still very expen

sive) . Here a university or other off-site group can be paid 

to do this work; past dialogue between the biotechnology firm 
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and universities can aid in the process of finding a reliable 

appropriate group to run the clinical studies. 

Another large infusion of money is needed at this 

stage to begin and to go through the clinical testing process 

whether or not the firm does the testing on or off site. 

Methods of fund raising are the same as during other stages of 

development (see 3.6.2 Fund Raising): however, since the 

company is farther along in the development process than it 

was in Stage One, there are greater opportunities to sell 

product rights since potential products are further developed. 

The company must still have a frugal, conservative outlook. 

Flexibility in terms of growth and change is still an 

important attribute of the facilities. They must be able to 

accommodate change easily. 

The human issues discussed in Stage One are still 

critical. If good channels of interaction and communication 

have been established firmly, as well as a sincere desire for 

positive employee morale, it will be easier to continue in 

this manner as the company gets larger; initiating these 

practices, on the other hand, if not already well established, 

would be very difficult at this stage. 

3.5.3 Stage Three: Manufacturing 

Major changes take place in the biotechnology company 

prior to and during the manufacturing phase. While clinical 
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testing is being performed, the manufacturing facility must be 

planned and constructed. 

Another large infusion of money is needed here. A 

manufacturing facility is very expensive (see 4.9 COSTS). For 

companies financially unable to build the facility, there are 

other options which exist. One firm interviewed described 

alternatives as being: (1) to contract the manufacturing out 

to others while retaining the product license, (2) to join 

with other biotechnology companies to build a generic, shared 

manufacturing facility, or (3) to sell the product license to 

another company. 

A marketing research department should be added well 

before the manufacturing facility is built. Ideally, it would 

be added a year or two before applying for FDA approval. 

Establishment of marketing research is necessary before the 

manufacturing plant can be designed since it is necessary to 

know how much of a product will sell and therefore how large 

the facility must be. Marketing research is a strategic 

planning step. 

Designers and consultants are needed who have experi

ence specifically in biotechnology manufacturing design, 

because plants which do chemical synthesis are very different 

from those which do biological work. The product process must 

be perfected well before the manufacturing plant has been 
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designed so quantities, adjacencies and timing on regulatory 

approval are known and anticipated. 

FDA approval is an important issue. This involves 

quality control and regulatory affairs departments. Heavy 

quality control involvement is needed at this stage because 

quality control must be involved in the design of the manufac

turing facility. Regulatory affairs must also be involved in 

the design. Both groups work together closely and have the 

monumental task of document writing (Standard Operating Proce

dures) . Since the design of the plant must be approved by the 

FDA, it is imperative that the FDA be consulted as soon as 

possible, preferably before the plant has been designed. 

Scheduling of construction is another critical issue 

in manufacturing, related to FDA approval. It presents great 

risks. The usual construction method used by all companies 

interviewed for the manufacturing plant is fast track. As 

discussed by one firm, ideally the first product will be 

manufactured and shipped within twenty-four hours after FDA 

approval. It is inadvisable to have the plant completed long 

before the product is approved, but it is even less desirable 

to have the product approved long before completion of the 

manufacturing facility. Realistically, when a biotechnology 

company is coming on-line with a biological product, the FDA 

approves the product and the plant at the same time issuing 

both a product license and an establishment license. The 
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Product License Application (PLA) is filed with clinical data 

(which constitutes a very large amount of material) while the 

clinicals are in process; the clinical testing continues while 

the application is in. The Establishment License Application 

(ELA) is also filed with the FDA. FDA approval of the 

facility results from validation which is the process whereby 

the biotechnology company proves that systems are performing 

as they were designed to perform. Once proven, the establish

ment license is issued. 

The very last step of clinical trials overlaps with 

manufacturing: conformance lots. Here three lots of materi

als must be made in the new plant and a supplement submitted 

to the PLA. If a biotechnology company can prove to the FDA 

that the process which will be used in the new plant is 

essentially the same as the one which has been used, sometimes 

this step is not required. 

Marketing and sales operations must be established so 

that once the product has been manufactured, there is a demand 

for it. Marketing capabilities can be built much faster than 

the manufacturing facility. 

The issue of flexibility at this stage, while impor

tant, is not as critical an issue as it was when the company 

first started. Whereas the nature of biotechnology always 

requires an ability to respond to change, once a product has 

been developed, the manufacturing facility design must be 
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driven by the process required to manufacture that product. 

Some flexibility can be built into the manufacturing plant but 

too much flexibility is foolishly expensive, especially in the 

case of a mammalian cell product where the facility is 

dedicated to that product for contamination reasons. 

Human issues are still very important, but changes 

take place as the company begins to bring in money. The 

cohesive spirit among employees is never as great in a company 

as it was in the very beginning when it started, and it 

becomes more and more difficult to foster. Two of the larger 

companies interviewed expressed concern over this issue and 

both feel it is critical to explore new ways to foster 

cohesiveness, interaction, communication and creativity as the 

company matures and becomes more physically spread out. 

It becomes increasingly important to own rather than 

to lease buildings as the company matures. Once the manufac

turing facility is in place, the company has such a vested 

interest in the equipment, which typically it must buy and 

which represents the lion's share of the cost of the facility, 

that it is wise to have control over the shell by owning it as 

well. 

3.5.4 Stage Four: Finishing 

Another large outlay of money is needed to build a 

finishing facility. Here, typically, filling/packaging 
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operations are performed. Many biotechnology firms choose to 

have these operations performed by an outside group such as a 

pharmaceutical company. The construction of this building is 

very expensive (see 4.9 COSTS) and requires the assurance that 

the product(s) will be economically successful. 

3.6 METHODS OF SURVIVAL 

Biotechnology companies face great risk when they 

begin. There are no assurances of success, and taking a 

product from the idea stage to the marketplace is time 

consuming, arduous and exceedingly expensive. There are many 

tactics a company might employ in order to become economically 

competitive. 

3.6.1 Operational 

3.6.1.1 Specialization 

Some of the firms visited emphasized the great need 

for a biotechnology company to focus on its strengths. This 

is considered to be increasingly important in a very diverse 

field and can be a critical factor in company survival. 

Focusing might mean specialization in one of the two 

general areas of biotechnology, in either the human health 

area (involving the development of new drugs, biologies, 

techniques and equipment), or in the plant and animal area 
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(involving agriculture, food processing, or veterinary 

diagnostics/pharmaceuticals) . These two areas involve 

different philosophies, techniques, procedures, and levels of 

development. One of the companies finds, however, the two 

areas are not necessarily mutually exclusive; whereas this 

same company has most products in the human health area, it 

also has one product in the animal area (an animal vaccine), 

but the technology in each case is related. It might be a 

difficult transition for a company specializing in human 

health care to go into plant propagation since the technolo

gies are so different, but animal vaccines are strongly 

related to the human health care area. Further, products of 

biotechnology for animal use need not undergo stringent 

testing, i.e., FDA. 

One firm discussed a possible future trend in special

ization, important in biotechnology company survival. This 

relates to the form of the final product. The firm believes 

a logical direction might be for companies to concentrate on 

products which are easy to make, which can be taken orally (as 

opposed to injectable forms where particulate matter being the 

key, there is a much higher level of scrutiny), and finally, 

on products which are highly active in small quantities since 

they employ greater ease and economy in the production 

process. 
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Another method discussed by most of the firms visited, 

is for a company to specialize in a certain phase of biotech

nology. This can be in the area where its special expertise 

lies, which is typically in research and development, and can 

be accomplished by having agreements with other companies, who 

in turn perform other operations such as manufacturing or 

finishing for the biotechnology firm. This will be discussed 

later (see 3.6.1.3 Partnership and 3.6.2.1 Equity Invest

ments/Joint Venture). 

The need for specialization often depends on the 

demands placed on the company and its resources. Specializa

tion is one way to cut back on expenses while promoting 

greater efficiencies in a wide range of such areas as research 

and development, manufacturing, marketing, and, as one of the 

firms noted, even in the regulatory process. 

3.6.1.2 Single Ownership 

As was discussed by some of the firms visited, single 

ownership is a method of operation practiced by a small number 

of biotechnology firms. These companies ideally carry out all 

phases of operation from research and development to produc

tion, marketing and sales. It is usual to focus or concen

trate on only a few products. There is a v<£?ry high degree of 

internal risk since all eggs are in one basket; but the 

rewards are great if the commercial product is a successful 
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one, since the company will not have to share the profit. 

With single ownership the company has much more control over 

the process and there are ultimately fewer litigation risks 

later involving disagreements over potential product rights. 

3.6.1.3 Partnership 

Another method of operation which was discussed by 

almost all of the firms visited, and a method practiced 

widely, is that of partnerships. Here the risk is shared. 

Instead of having only a few products, many more can be 

produced under this system. In forming partnerships, the 

biotechnology companies are not pressed to have all the 

operations on site, such as the finishing operations. Many 

large pharmaceutical companies have extra filling capacity and 

can easily and satisfactorily fulfill the filling and packag

ing (finishing) needs for the smaller biotechnology companies. 

This way facilities do not need to be duplicated, and each 

partner can do what it does best, the biotechnology company 

typically doing research and development. Other operations 

can be treated similarly, such as manufacturing or clinical 

testing. Partnerships generate revenue; certain rights can be 

sold and certain rights kept by the biotechnology firm. If 

the company is struggling financially this can be a strong 

factor in its survival. 
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Olson (1986, 86-87) discusses research and development 

limited partnerships. Here organizations or individuals are 

able to invest in the biotechnology company's research and 

development and to write off the money invested as an expense. 

As limited partners, the investors are entitled to receive 

royalty payments from the future sales of the products; these 

royalties, either part or all, are taxed as capital gains. 

3.6.2 Fund Raising 

In addition to economic planning and survival through 

the methods of operation discussed above, the biotechnology 

company needs to have other sources of funds in order to 

succeed. As has been previously mentioned, very large amounts 

of money are required by the biotechnology company as it 

begins and grows. The four major outlays of money which must 

be made are: initially, to start the company; second, to 

begin clinical testing; third, to begin large-scale manufac

turing; and fourth, when the finishing facility is added 

(Figure 3). 

3.6.2.1 Equity Investments/Joint Venture 

As discussed by Olson (1986, 85-86), one way many 

biotechnology firms are financed is through investments by 

venture capital firms and established companies interested in 

biotechnology. Investments from established companies inter-
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Figure 3. Financial Milestones 

ested in biotechnology have generally been through either 

equity investments or joint ventures. Using equity invest

ments, established companies buy portions of new biotechnology 

firms and in so doing are able to keep current in the field 

and to presumably have a better understanding of when to enter 

the field themselves. With joint ventures, a more active role 

is played by the established firm which often handles various 
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operations such as" the regulatory approval, manufacturing 

and/or marketing of a product which the small biotechnology 

firm has initially developed. This involves a combination of 

research and development contracts and product licensing 

agreements. With a joint venture the biotechnology firm often 

receives royalties from the product after it sells and usually 

retains the patent for the product. 

Olson goes on to discuss a typical problem where the 

biotechnology firm generally wants to retain more control over 

the uses and profits of its products than is often possible 

with joint ventures with large firms in the United States. A 

solution has been to establish joint ventures with firms in 

foreign countries where the biotechnology company sells 

overseas sales rights while retaining rights to sell its 

products within the United States. The biotechnology company 

supplies either the products or the technology to the foreign 

firm. It is altogether possible that this will contribute to 

the loss in lead that the United States now enjoys in biotech

nology, as it enables foreign firms to easily become more 

knowledgeable in the biotechnology field. 

3.6.2.2 Stock Offerings 

Another source of funding is through stock offerings. 

All of the biotechnology firms visited have used this method 

to raise money. Many companies return to the market on 
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subsequent occasions after the initial offering to raise 

needed income for such expenditures as are required for 

clinical trials and manufacturing facilities. Since fund 

raising in biotechnology is all high stakes gambling, the 

return on the investor's money depends on how much risk he 

took in the first place. The earliest investors generally pay 

the lowest price for stock but take the greatest risk. The 

further along the company is in the development process, the 

less the risk and the less of its product it must give away. 

3.6.2.3 Other Methods 

Finally, other methods of raising money include, as 

Olson mentions, interest from previously raised funds, 

industrial revenue bonds, equipment leasing and loans. As was 

pointed out by the firms themselves, however, it is very 

difficult for the biotechnology company to receive a loan as 

the nature of the industry is one of such very high risk. 

3.7 ORGANIZATION/LABOR FORCE CHARACTERISTICS 

3.7.1 Organization 

The organization of all of the biotechnology companies 

visited is very fluid. Changes take place so rapidly that 

organizational diagrams were not available except by verbal 

description. Generalizations regarding the biotechnology 
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research structure were made by Payette Associates, leaders of 

a Harvard University seminar on Biotechnology Research 

Laboratory Design (1989). It was pointed out that there are 

basically two types of biotechnology research structure both 

of which consist of teams generally headed by a principal 

investigator (PI). These will be discussed below. 

The first is an academic setting. Here the PI is 

located in or near the laboratory, relates closely to his or 

her research team, is territorial (although universities are 

trying to move away from territoriality) , is more "idea" 

oriented and has direct lines to people in his or her depart

ment. The environment is more open and interactive. Funding 

usually comes into the university through the PI who prepares 

the grant applications; average grants are around $150,000 per 

year and usually extend for three to five years. 

The second type of organizational structure discussed 

by Payette Associates is that of a corporate setting. Here 

the PI tends to cluster with other Pis outside the laboratory. 

He or she relates to other Pis, shares the company's resourc

es, spends time relating to several departments and is more 

oriented toward "applied" biotechnology. The environment is 

bureaucratic. Funding comes into the corporation rather than 

through the PI. People generally make more money in the cor

porate setting than in academia, which is a large reason why 
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scientists leave the university setting and join biotechnology 

companies. 

Not only are the differences in the organization of 

the academic institution and the biotechnology company 

important in understanding the structure of biotechnology, but 

the relationship and interaction between the two groups is 

critical to business. As was mentioned by the majority of the 

companies and academic institutions visited, most of the ideas 

and early discovery work come from and are carried out in 

specialized research laboratories. Generally speaking, 

academia has done much of the early exploratory work, and the 

biotechnology company is now looking at this basic research 

from the standpoint of marketing the technology. There is 

much interaction between the academic and corporate groups and 

both are fairly dependent upon one another. Some companies 

pay universities for work done in university laboratories 

(quid pro quo) , and some companies try to gain entry to 

academic technology by licensing work which has been done in 

academia. There is some concern that the biotechnology 

company is turning the academic laboratory into its own 

profit-oriented business. Another aspect of interaction 

between the two groups is illustrated by the fact that 

sometimes the biotechnology company, unable to financially 

support a phase of the product's development, contracts the 

university to perform such functions as clinical testing. 
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Since the idea for the product possibly originated at the 

university in the first place, it is logical for the universi

ty to have a hand in the subsequent development phases, if 

needed. 

In addition to academic and corporate structures and 

relationships, another important aspect of organization 

relates to the project team itself. Of the companies inter

viewed, organization of projects and of research and develop

ment varies. In some cases, research organization is by type 

of science. Generally, however, the organization is by 

specific project; here the project team makeup can vary also. 

It can consist of those involved with a product at certain 

stages of its development. Or, a very successful method 

advocated by one of the firms has been in the organization of 

the project team so that its members represent all phases of 

the production associated with a particular product. This 

provides a workable, communicative, interactive environment; 

realistic solutions can result more directly as team members 

are aware of what comes before and what follows their own 

particular area of expertise, thereby enhancing their 

individual contributions. 
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3.7.2.1 Employment Categories 

Feldman (1985) sheds light on the biotechnology labor 

force and its characteristics by exploring the categories of 

labor. First, the managers of biotechnology firms need both 

technical and business expertise including an ability to 

obtain capital. Typically, the biotechnology firm is founded 

by one or more high-level scientists who are usually Ph.D.s 

with research positions at major universities and one or more 

experts in business with connections to financial sources. 

Since academic scientists are trained in the pure sciences, 

they are often lacking in business expertise, and when they 

head successful biotechnology firms, it is usually necessary 

that they have partners or co-directors who are traditional 

business people. 

A second category of labor relates to those in the 

research and development area of biotechnology. This group is 

varied and includes high-level research scientists (who are 

granted much autonomy), computer specialists, chemical 

engineers, electronic experts and a large number of people 

with jobs such as those of bottle washer and animal caretaker. 

Third, is a category of employees which includes those 

who work in the production/manufacturing areas. When Feld

man's article was published in 1985, there was very little 
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biotechnology production, but as production capabilities are 

expanding, the personnel in this area is growing as well. It 

was pointed out by almost all the companies visited that the 

type of person employed in the manufacturing area differs from 

those employed in research and development (where most have a 

Ph.D.)* Whereas the manufacturing employee must be out

standing in carrying out the operations of the plant and a 

good education is highly desirable, he does not need to have 

a Ph.D. At one of the companies visited, the production 

workers are required to have junior college degrees or an 

equivalent of sixty units of college credit. Many of the 

managers of the manufacturing facilities have doctorates, 

however. 

A fourth category appears to be those working in.the 

general support areas. This is highly variable and includes 

jobs which support all the functions of the company such as 

clerical, marketing/sales and maintenance. 

3.7.2.2 Employment Figures 

Since the biotechnology field is growing and changing 

so rapidly, and because much of the information is propri

etary, it is difficult to find up-to-date employment figures. 

Feldman (1985, 69-70) makes generalizations regarding the 

labor force based on estimates at that time. 
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He describes the largest occupational category as 

consisting of professional and technical personnel. This 

includes, among others, Ph.D. scientists, graduate students, 

computer programmers, engineers, and other varied specialists. 

Some of these are described as being very independent and 

others, closely supervised. Independence and flexibility are 

used by the biotechnology firms as a means of attracting 

highly qualified scientists. This category comprises about 63 

percent of all biotechnology employment in California. 

The second most populous category he describes as 

being clerical which includes such jobs as record keeping, 

reporting and communications. This comprises 17 percent of 

all biotechnology employees in California. 

The third most populous category discussed by Feldman 

is managerial jobs which comprise 15 percent of all biotech

nology employees in California. Many biotechnology managers 

have advanced degrees in related scientific fields, since they 

often supervise research activities; but as the companies 

develop and expand, this group will need expertise in non

technical areas such as sales/marketing, personnel and invest

ment. 

The final areas represent small percentages. The 

fourth category in order of population numbers (three percent 

of all biotechnology workers) is that of production. It must 

be pointed out, however, that this area has grown (and is 
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continuing to grow) since Feldman's article. Feldman's 

estimates are two percent for production workers and one 

percent for floor-level supervisors in this area. Finally, 

the fifth category is maintenance. This is estimated at two 

percent of all biotechnology employment. 

3.8 LOCATIONAL ISSUES 

In the companies interviewed there are many common 

elements which are considered to be significant determinants 

in the location of a biotechnology firm. These include 

proximity to a major research university, importance of a high 

amenity area and other factors. 

First, all except one of the firms visited feels that 

proximity to a university is important. Typically ideas 

initially come out of academia. Nearness to research librar

ies and other university facilities, and interaction with 

faculty, graduate students and academic professionals is 

important in the transfer of information. Often former 

faculty members are the founders of biotechnology firms, or 

many times the firm's researchers want to continue academic 

activities such as teaching, participation in seminars and 

writing scholarly papers. One firm pointed out the fact that 

universities have specialties which can be of particular 

importance to a biotechnology company. For example, this same 

firm, which has strong yeast abilities, enjoys proximity to 
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the University of California, Berkeley, because it has 

research experts in the area of yeast, and proximity to the 

University of California, San Francisco, which has strong gene 

cloning development capabilities. Another firm mentioned its 

advantageous location between Stanford University, the 

University of California, San Francisco, and the University of 

California, Berkeley, since it draws heavily upon Stanford's 

specialty in molecular biology as well as upon expertise of 

those at the two other institutions. It is believed by a few 

of the firms that early in a company's history when research 

comprises such a large percentage of the company, university 

proximity is even more critical than later in the company's 

development when researchers make up a smaller percentage of 

the company; yet, university proximity is considered to always 

be an important issue. 

Another determinant relates to the quality of residen

tial life. It is much easier to attract high caliber scien

tists to the areas where quality of residential life is high, 

the schools are good and in general, the area offers many 

amenities. This is an essential locational determinant to 

most of the companies interviewed. One firm mentioned 

specifically that location in up-scale high tech environments 

such as Boston or San Francisco (or possibly Seattle) is 

important. 
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Most of the companies find that affordable housing and 

reasonable land prices are very important issues. Some of the 

areas which were ideal locations a few years ago for many 

reasons are becoming too expensive now. Skyrocketing land 

prices on the San Francisco peninsula, for example, are 

causing some companies to locate elsewhere. 

One firm in the study considers the most important 

site determinant to be that of positive local response, the 

highest priority being to locate the biotechnology company in 

an area where it will receive positive public support. This 

same firm finds that location near housing can be a detriment 

since it often sparks negative public feeling as people worry 

unnecessarily about environmental contamination; this belief 

was confirmed by another company, yet still a different firm, 

located adjacent to a residential zone, finds the proximity to 

be no problem. 

Another important issue relates to gaining approval 

for the use of a site from an environmental standpoint. 

Because of increasing environmental concerns, there are new 

regulatory constraints whereby sites need to be tested for 

identification of contaminants or other environmental prob

lems. Costly steps must often be taken before a company can 

reuse an existing site or begin construction on a new "green-

field" site. This is significant since it can result in 



95 

projects being put on hold for months or even years (Thompson, 

Ricigliano and Neilson, 1990, 22). 

There are other locational factors discussed by the 

firms visited. These include the desirability of locating in 

an area where local jurisdiction is not unnecessarily strict, 

where traffic congestion is not a problem, where smog is not 

an issue, where there is a local labor force and where there 

is good access to airports. 

Some of the functional affinities and locational 

issues within the company were addressed by the companies 

visited. First, it is generally believed that interaction 

between research and development is critical. Ideally they 

should be located near one another to foster better communica

tion and transfer of ideas between both. Development/ 

pilot/scale-up activities are located near research in all the 

firms visited making it possible for new processes to be 

monitored. Second, one firm thinks it essential that three 

facets of a biotechnology firm be located in close proximity 

to one another: culture biology (fermentation), genetic 

engineering and purification. Third, manufacturing presents 

different issues. It is found by most of the firms that 

initially, when the company is getting started, it is best to 

have manufacturing on site with everything else. Later, after 

the company has matured, it is sometimes advisable to move 

manufacturing elsewhere in order to find a less expensive 
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labor force and lower land and housing costs. Location of 

manufacturing depends on different kinds of labor and raw 

material costs than those necessary for research and develop

ment. Locating the facilities near the local labor force was 

a strong determinant in the location of two of the companies' 

manufacturing plants away from the rest of the facilities. 

Because housing and land prices were lower in these areas, 

many of the people employed in manufacturing already lived in 

the general vicinity. Whereas it is believed that having all 

facilities on the same site is desirable, this was a prefera

ble solution in two cases. Some firms are investigating the 

possibility of locating manufacturing in a foreign country 

because costs can be lower and regulations are often less 

stringent overseas. Once a company has good marketing 

capabilities, it is generally maintained that manufacturing 

can be located anywhere. 

In Feldman's discussion of the location of biotechnol

ogy facilities (1985, 76) the three locational factors found 

to be the most important were: proximity to major research 

centers, quality of residential life and potential for growth 

(space for physical expansion). Of minor importance were 

proximity to markets, availability of low cost labor, avail

ability of reliable energy, governmental incentive, proximity 

to major suppliers, availability of utilities and proximity to 

major competitors. Air transportation in Feldman's report was 
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generally considered to be important while rail and mass 

transit were of mixed importance. Availability of business 

services, taxes and highway transportation were of moderate 

importance. 

At the time of Feldman's report most biotechnology 

firms in the U.S. were in California, Massachusetts was 

second, and New York was third. Almost half of the California 

firms were located in the San Francisco/Oakland area and 91 

percent of California's biotechnology employment was in this 

area. San Diego was the major biotechnology area in Southern 

California. The Boston Area comprised the largest number of 

firms in Massachusetts. This demonstrates the importance of 

university proximity and of high amenity areas in determining 

company location. 

3.9 REGULATORY ISSUES 

Since biotechnology promises to provide many human 

benefits, public opinion surveys have demonstrated strong 

support for its continued development; at the same time, 

however, there has been much concern over questions of 

potential public health and environmental risks which have 

been raised as a result of the new technologies and products 

(see 5.1 SAFETY ISSUES). Because of this great concern from 

many groups including the general public, researchers and 

those involved in industry, governmental agencies have been 
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forced to carefully evaluate and assess the risks involved and 

to find ways of reducing identified risks to acceptable levels 

(see 5.1.3.2 Risks). 

This unusual concern helps to explain why ways of 

regulating the new biotechnology industry (biotechnology as it 

is known today) have been developing from its very beginning. 

The California Department of Commerce states that early in the 

development of this field, university and industry researchers 

voluntarily undertook careful considerations of the impact of 

genetic engineering techniques (1989, 3). "Genetic engineer

ing is unique in being the first technology to face signifi

cant scrutiny before any hazard has been proven or accident 

has occurred (California Department of Commerce, 1989, 3)." 

The diverse nature and breadth of the biotechnology 

industry has been mentioned. With so many different types of 

products which involve so many different areas of science, the 

biotechnology regulatory process becomes very complex. This 

results in many governmental agencies involved in the regula

tion of biotechnology; authority overlaps and is shared by 

many agencies. Federal, state and local governments try to 

act together in providing comprehensive regulatory coverage 

for the industry. 

As pointed out by the California Department of 

Commerce (1989, 3) comprehensive oversight by federal, state 

and local governments occurs in various ways. First, regula



99 

tion occurs through controls over the development, manufacture 

and use of specific products. Second, controls occur through 

the regulation of recombinant DNA and genetic engineering 

research, including environmental release of living organisms 

which have been genetically altered. Third, oversight is 

provided by environmental protection and worker health and 

safety regulations which affect all industries. 

3.9.1 Framework for the Regulation of Biotechnology 

In June 1986, the Reagan Administration unveiled a 

complex program for overseeing genetic engineering research 

and the products of the nation's maturing biotechnology 

industry. The resulting document was "The Coordinated 

Framework for Regulation of Biotechnology" (Office of Science 

and Technology Policy, June 26, 1986). This document left 

details of regulation to the regulatory agencies and served to 

clarify which agencies have regulatory authority over specific 

biotechnology activities and products. According to the 

California Department of Commerce (1989, 4), this document 

concluded a "careful study of the adequacy of the federal 

laws, regulations and review procedures being used by almost 

20 federal agencies." The California Department of Commerce 

(1989, 4) goes on to summarize the underlying principles used 

in developing the document: 
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(1) Whenever possible, biotechnology should 
be regulated under existing oversight 
mechanisms. 

(2) Products made using the new biotechnolo
gies should be evaluated on the same 
basis as products made using convention
al technologies. 

The regulatory and policy-making bodies indicated in this 

document have authority over both research and commercial 

biotechnology products. These agencies are discussed below. 

3.9.2 Federal Authority 

The five federal agencies which play a major role in 

biotechnology activities are: the National Institutes of 

Health (NIH) , the Food and Drug Administration (FDA), the 

Environmental Protection Agency (EPA), the United States 

Department of Agriculture (USDA) and the Occupational Safety 

and Health Administration (OSHA). Other agencies are involved 

as well. 

3.9.2.1 National Institutes of Health (NIH) 

The NIH oversees recombinant DNA research through its 

"Guidelines for Research Involving Recombinant DNA Molecules" 

(United States Department of Health and Human Services, May 7, 

1986). The guidelines establish levels of approval which are 

required before certain experiments can be performed and 

recommend specific levels of physical containment (Biosafety 

Levels 1-4). These levels of containment have definite 
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relevance to the design of laboratories where rDNA research is 

conducted; they also relate to large-scale fermentation 

experiments involving such organisms as recombinant yeast and 

bacterial strains (EIP Associates, 1989, C-39, and United 

States Department of Health and Human Services, May 7, 1986, 

16969). 

For institutions working with rDNA which receive 

funding from the NIH, from other federal agencies and from 

many private funding agencies, compliance with the guidelines 

is mandatory. For institutions which do not receive support 

from these agencies, the guidelines are advisory; yet they 

have been widely adopted by these institutions on a voluntary 

basis for both research and manufacturing. 

The origin of the guidelines dates to the mid-1970s 

when an international conference was held at Asilomar, 

California. Scientists at the conference discussed safeguard

ing the public and the environment from laboratory accidents, 

and the importance of establishing adequate guidelines to 

address the release of rDNA products to the environment. A 

committee called the Recombinant DNA Advisory Committee (RAC) 

was established in Washington, D.C. as a result of the 

Asilomar conference. The RAC, in turn, devised the rDNA 

guidelines which served as the basis for the current guide

lines. The RAC, which still exists today, is responsible for 

revising these guidelines and, in addition, serves as the main 
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advisor to the NIH regarding safety issues associated with 

research grants involving rDNA (Mount, 1990 and Teich, 1985, 

3) . The implementation of the guidelines, however, is the 

responsibility of each institution and is carried out by a 

local committee called the Institutional Biosafety Committee 

(IBC) . Although some revisions have been made since that 

time, the May 7, 1986 "NIH Guidelines for Research Involving 

Recombinant DNA Molecules" is considered the current document 

(Mount, 1990). A major revision of this document has been 

anticipated for some time but has not yet been released. 

Since the 1970s, the NIH restrictions concerning rDNA 

have been eased as there has been increased understanding 

concerning the safety of rDNA. With modern techniques in 

molecular biology, it has been confirmed that most genetic 

engineering activities pose little threat to people or to the 

environment; in fact, it has been recognized that rDNA 

techniques have great potential in producing beneficial 

medical and other types of products (EIP Associates, 1989, C-

38). The result has been a relaxation of the guidelines. 

It must be pointed out that in addition to the NIH 

rDNA guidelines previously discussed, another set of guide

lines, described as a sister document (Mount 1990), for work 

with pathogenic microorganisms may be found in Biosafety in 

Microbiological and Biomedical Laboratories (United States 

Department of Health and Human Services, 1988). This publica
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tion provides recommendations (not regulations) which are 

intended to provide voluntary guidelines in the renovation of 

existing facilities and in the construction of new ones for 

work involving pathogenic microorganisms in both the labora

tory and animal facility. Facility design as it relates to 

the various biosafety levels is discussed in detail and should 

be consulted for more information; the publication is strongly 

related to and actually derived from the rDNA guidelines. 

As has been observed in most of the companies visited, 

even though it is not always required, they have generally 

chosen to operate under the basic primary levels of physical 

containment as specified in either the NIH rDNA guidelines or 

the Centers for Disease Control publication. These contain

ment levels will be discussed in more detail (see 4.2.2.2.2 

Biosafety Laboratories and 4.5.2 Containment). 

3.9.2.2 Food and Drug Administration (FDA) 

The FDA... 

...regulates the development, approval for 
sale, marketing and manufacture of: human 
drugs and biologies (vaccines and many of the 
new pharmaceuticals made through biotechnolo
gy processes); veterinary drugs; medical 
devices and diagnostics; and, foods, food 
additives, and cosmetics (California Depart
ment of Commerce, 1989, 5). 

The product and the way in which it is manufactured are both 

strictly monitored by the FDA. 
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3.9.2.2.1 Drugs and Biological Products. The FDA differenti

ates between drugs (which are made from organic synthesis) and 

biological products (which are made from a biological source 

such as blood or DNA). New drugs require Investigational New 

Drug Applications (IND) before clinical trials may begin and 

New Drug Applications (NDA) for marketing approval; similarly, 

human biological products require Investigational New Drug 

Applications (IND) for testing and Product License Applica

tions (PLA) prior to marketing (Interagency Task Force on 

Biotechnology, 1986, 193-195). The PLA is like an NDA, only 

for biologicals; it is the application for a product license 

for a biological product. In addition, the biological product 

needs an Establishment License Application (ELA) for a license 

for the manufacturing facility where the biological product is 

to be manufactured. 

3.9.2.2.2 Good Manufacturing Practice (GMP). Specific 

criteria for product and establishment license validation 

standards are spelled out clearly in the Code of Federal 

Regulations. "Part 211 — Current Good Manufacturing Practic

es for Finished Pharmaceuticals" (April 1, 1989) contains the 

minimum current good manufacturing practice regulations as 

they pertain to drug products (for preparation of drug 

products for administration to humans or animals). Parts 600 

through 680, considered to supplement Part 211, contain 
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regulations as they pertain to biological products for human 

use. The FDA "Good Manufacturing Practices" are regulations 

which "detail specific criteria for assuring product quality, 

appropriately designed facilities, production and process 

controls, and specific record-keeping requirements (California 

Department of Commerce, 1989, 5)." The FDA approval process 

relies on conformance to these regulations. 

3.9.2.2.3 FDA Regulatory Process. It is a long, complicated 

and expensive process for a product to become licensed by the 

FDA. The involvement of the FDA can generally be explored in 

terms of the general phases through which an idea or potential 

product passes on its way to becoming a commercial product 

(see 3.2 OVERALL BIOTECHNOLOGY PHASES). The following 

discussion is based on information obtained during the site 

visits to the companies studied and only briefly mentions some 

of the important points regarding the FDA process as it 

relates to drugs and biological products. 

FDA involvement usually begins at the end of the 

applied research phase (the research phase typically lasting 

one to five years) . From there the agency becomes more 

heavily involved during the development phase where the 

development process must be documented and analytical proce

dures recorded. During the animal testing or preclinical 

phase (usually twelve to eighteen months), once it has been 
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proven to the FDA that the product is safe and is believed to 

work, an IND (Investigational New Drug) is granted (see 3.2.4 

Preclinical Testing). The IND is necessary before testing in 

humans can take place; however, in the United States sometimes 

preclinical testing does not need to be completely finished 

before an IND may be granted. During human (clinical) 

testing; Phase I normally takes one year; Phase II takes 

eighteen months, and Phase III, three years (see 3.2.5 

Clinical Testing). 

When the clinical testing has been completed, all the 

information must be compiled and submitted as a New Drug 

Application (NDA) file to the FDA. From the date of filing, 

the FDA review process can take anywhere between eighteen 

months and five years before NDA approval is granted. The FDA 

has a priority system. Priority A involves a new chemical, a 

new molecular activity or a major therapeutic. This is the 

shortest review priority and may take only eighteen months. 

Priority B takes between eighteen months and five years, and 

Priority C takes an average of around five years. While the 

drug is awaiting approval after the application is in, it is 

said to be "in registration." 

As is illustrated, the licensing process is a lengthy 

one. The actual time taken for approval can vary depending on 

the circumstances, and in certain cases a potential product 

can enter a program where approval can be expedited. General
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ly, however, from the development phase, through preclinical 

testing and clinical testing to NDA approval, the time period 

averages eight to twelve years. Because of the process

ing/licensing time, about five years ago the average drug had 

only around seven or eight years left on its patent when it 

was cleared for marketing. It is important to note that now 

the amount of time it takes the FDA to grant the license (from 

the date the NDA is filed) can be applied to extend the patent 

time. The company usually files for a patent at the end of 

the research phase; it is typically granted in one to three 

years and lasts seventeen years from the application date 

unless an extension, as mentioned above, is granted. 

Sometimes a license is issued with conditions. Here 

Phase IV Clinical Testing can be a requirement if there are 

certain concerns which need further study. For example, the 

long term benefits may need to be examined; clinical end 

points can establish specific lengths of time which provide 

measurable limits for determining effectiveness of the drug. 

Once the NDA has been approved, the drug is licensed. 

As mentioned earlier, biological products require approval of 

the PLA and ELA. Ideally once the license(s) has been 

granted, the manufacturing process will begin immediately 

(within twenty-four hours). The timing is a critical factor 

since it is desirable for the new manufacturing plant, which 

will produce the product, and the FDA approval for license to 
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occur simultaneously (see 5.6.4 Construction Speeds. It is 

imperative that the biotechnology company consult with the FDA 

through this long and difficult process, and especially long 

before it decides to build a manufacturing plant. 

3.9.2.3 Environmental Protection Agency (EPA) 

The EPA exercises authority over pesticides, herbi

cides, chemicals, water pollution, air pollution and hazardous 

substances. This applies to not only conventional chemical 

biological products but to certain products of biotechnology 

as well (Interagency Task Force on Biotechnology, 1986, 200-

204). The EPA's major focus in regulating the biotechnology 

industry is on genetically engineered organisms used in the 

environment. However, it also shares jurisdiction with the 

FDA over the use of microorganisms in closed manufacturing 

systems (California Department of Commerce, 1989, 5). 

Jurisdiction of the EPA falls under regulations stipulated in 

the Federal Insecticide, Fungicide and Rodenticide Act 

(FIFRA), which provides it with authority over pesticidal 

products, and the Toxic Substances Control Act (TSCA), which 

gives it broad authority over chemical (and microbial) 

products not regulated by the FDA or USDA. Regarding water 

pollution: 

EPA has not issued any regulations which 
directly address the water quality issues of 
genetically engineered biological substances. 
These substances are currently regulated by 
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existing statute (Interagency Task Force on 
Biotechnology, 1986, 200-204). 

The EPA sets emission standards for hazardous air pollutants 

although no genetically engineered organisms are included at 

this time, and the agency has some general authority over haz

ardous waste (Interagency Task Force on Biotechnology, 

1986, 204). 

3.9.2.4 United States Department of Agriculture (USDA) 

The USDA regulates the development, approval 
and marketing of veterinary biologies (pri
marily vaccines). The agency also shares 
authority with the FDA over the regulation of 
foods, by overseeing meat and poultry prod
ucts and certain genetically engineered plant 
products. 

The USDA has authority over genetically 
engineered plants through several statutes, 
and over those genetically altered microor
ganisms that are classified as plant pests. 
Permits are required for environmental use 
and interstate movement of plant pests. Each 
affected state has the opportunity to review 
the proposed use or movement before permits 
are granted (California Department of Com
merce, 1989, 5). 

3.9.2.5 Occupational Safety and Health Administration (OSHA) 

OSHA oversees the safety of the technology of the 

workplace and is authorized to set mandatory regulatory 

standards to assure that employees will not suffer diminished 

health as a result of conditions in the workplace. According 

to the Interagency Task Force on Biotechnology: 
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OSHA has not established standards for bio
technology, and has determined that a general 
duty clause, together with several specific 
standards, currently provides an adequate and 
enforceable basis for protection of the 
safety and health of employees in the field 
of biotechnology. No hazards from biotech
nology per se have been identified (1986, 
206). 

Additionally, if it is determined that any of the new biotech

nology processes could cause harm to workers, OSHA will 

consider regulation at that time, unless this has already been 

effectively controlled under either OSHA standards or those 

exercised by another agency. 

3.9.2.6 Other Federal Agencies 

According to the Interagency Task Force on Biotechnol

ogy (1986, 207), there are many other agencies which play a 

role in regulating biotechnology. Three important ones are 

mentioned. First, the Centers for Disease Control (CDC) 

licenses clinical laboratories which are engaged in interstate 

commerce. Second, transportation of hazardous materials 

(which includes etiologic agents) is regulated by the Depart

ment of Transportation. Third, the Department of Commerce 

prohibits exporting (without a license) certain listed 

products to other countries. 



Ill 

4. THE BIOTECHNOLOGY FACILITY 

4.1 INTRODUCTION 

As was observed in the companies visited, the 

biotechnology facility actually represents a community of 

functions which vary according to the developmental stages of 

the company. These stages have been discussed (see 3.5 

DEVELOPMENTAL STAGES OF A BIOTECHNOLOGY COMPANY). In the 

beginning, most of the companies start in one building with 

some laboratories, laboratory support and administrative 

spaces; as the company develops and matures, more functions 

are added until the facility becomes a much more complex 

grouping of buildings (generally, buildings are by type) . The 

mature company houses the company operations and general 

support spaces for research, animal research and testing, 

development/scale-up/pilot operations, manufacturing, finish

ing and warehousing. Discussion of the biotechnology facility 

will be broken into these areas. 

4.2 RESEARCH FACILITY 

4.2.1 Introduction 

Research operations are an essential component in the 

biotechnology facility, and they exist right from the com

pany's inception through all phases as the company develops. 
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As was previously mentioned (see 3.2.2 Applied Research^. 

typically, once the idea has been passed from a pure research 

setting to the biotechnology company, the applied research 

begins; or, sometimes the biotechnology company performs basic 

research as well. The facilities housing the research (and 

early development) functions include laboratories, laboratory 

support spaces, scientific offices, and general support 

functions. Since the general support area supports the entire 

company and its operations as well as just the research ones, 

it will be discussed later (see 4.8 GENERAL SUPPORT SPACES). 

It must also be noted that whereas the use of animals is 

important in the research phase as well as later in the 

preclinical testing phase, discussion of animal facilities 

will also be discussed in a separate section (see 4.3 ANIMAL 

RESEARCH AND TESTING FACILITY). 

4.2.2 Laboratories 

The strength of almost all biotechnology companies 

lies in the research and development area, of which the 

laboratory is an essential component. As such, it is a 

critically important building element in the overall biotech

nology facility. Whereas many of the biotechnology operations 

can be and often are performed by outside sources (see 3.6.1.3 

Partnership, and 3.6.2.1 Equity Investments/Joint Venture), 

the applied research exists in all biotechnology facilities 
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both young and mature. The work performed here becomes the 

basis for the rest of the biotechnology process, including 

development, production, manufacturing and finishing of the 

product to be marketed and sold. Because it is where creative 

minds function, where great advancements in many areas of 

knowledge take place, and ultimately where profound investment 

in the future lies, the well designed laboratory is crucially 

important. It must be noted that laboratories exist in other 

functional areas, besides in the research area, such as in 

product development, testing and manufacturing; however, since 

the laboratory is most heavily used in research, it will be 

discussed in this section (4.2 RESEARCH FACILITY). 

4.2.2.1 Laboratory Module 

Since the nature of scientific research and develop

ment implies unpredictable change, a modular, generic design 

aids flexibility in addition to cutting costs through repeti

tion. With modularity, it is possible to effectively inte

grate the complex systems found in the laboratory facility 

(such as the structural, electrical, mechanical, plumbing, 

ceiling, wall, window and casework systems) in order to create 

a coherent design. Other spatial elements such as laboratory 

support spaces, offices, service shafts and corridors can be 

planned to fit within the basic module to attain flexibility. 
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4.2.2.1.1 Determinants. There are many factors which 

determine the laboratory building module size. Since the 

laboratory itself has so many complex requirements and is such 

a critically important space, it appears that it is responsi

ble for playing the key role in the determination of the 

actual size of the building module. "Formulation of the 

internal organization of the laboratory building begins with 

a decision on the dimensions of the laboratory module 

(DiBerardinis et al., 1987, 26)." It is believed by many that 

the way in which the services are introduced to the laboratory 

bench and the number of fume hoods required in a laboratory 

are the critical issues in the design of the structure of the 

laboratory facility. Therefore, they are both very important 

in the determination of the laboratory module size. Another 

important determinant relates to ergonomics (see 4.2.2.1.2 

Ergonomics). Gould (1986, 59) lists factors which affect the 

establishment of the laboratory module as being: the number 

of persons working in the laboratory, the required continuous 

length of work surfaces, the desired width of aisles between 

benches, the number of fume hoods, and the requirements for 

provision for record-keeping in the laboratory. It is 

important that the architect understand and carefully consider 

these factors, among others, and determine priorities when 

planning the size of the module. 
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4.2.2.1.2 Ergonomics. Ergonomics is an important consider

ation in the determination of the laboratory module size and 

deserves separate discussion. In Webster's New World Dictio

nary, ergonomics is defined as "the study of the problems of 

people in adjusting to their environment; esp., the science 

that seeks to adapt work or working conditions to suit the 

worker (Guralnik, 1984, 475)." Since a laboratory should be 

comfortable physically to those who use it as well as allow 

for productivity, its planning should result from careful 

consideration of the dimensions which are derived ergonomic-

ally from people at work. 

Britain's Nuffield Foundation conducted a study in 

1961 of the space required for laboratory work. The study led 

to specification for optimal dimensions of the standard 

laboratory size. The planning dimensions developed as a part 

of this study still have validity and are as true for today's 

equipment as they were then (Weeks, 1986, 10). 

Of special importance are the actual Nuffield figures 

relating to laboratory module width size. These figures are 

based on anthropometric data and some important considerations 

are summarized below (Nuffield, 1961, 45-47). First, labora

tory bench width is largely a result of arm reach. Even 

though people vary in size, it was determined that a bench 

width of about 24 in. (with a maximum of 27 in.) allows for 

these differences and provides a good workable bench width. 
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Second, when two rows of benching run back to back, services 

often run between them attached to either a partition wall or 

a low service spine. Depending on the width of the service 

spine and the construction of the wall, the space required 

between the two rows of back-to-back benching may range 

between 1 ft. to 1 ft. 6 in. (Nuffield, 1961, 49). Third is 

the space between the benches. Here the laboratory personnel 

spend their work day. This takes into consideration body 

measurements relevant to bench spacing and activities of 

working at the bench, walking between benches and bending down 

in front of the bench (Table 1). In the typical laboratory, 

two benches flank a center aisle; it is recommended that space 

be allowed for two people to work back to back and for a third 

person to be able to pass between them. Up to four people on 

varying occasions may be working in a unit bay. The recom

mended clear space between benches is a minimum of 5 ft. 6 

in.; 6 ft. is desirable and, in rare cases, up to 7 ft. might 

be needed if the room were very deep (Nuffield, 1961, 49) . 

However, it must be noted that typically 6 ft. is considered 

to be the maximum aisle width, since aisles wider than this 

invite clutter (they easily become clogged with free-standing 

equipment and other obstructions) (DiBerardinis et al., 1987, 

27) . 

In considering all of these factors, the center-to-

center dimension between two parallel runs of benching results 
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Table 1. Body Measurements and Laboratory Bench Spacing 

Body measurements relevant to bench spacing 

Activity 

(1) Working position 

(2) Walking between benches 

(3) Bending (derived from arm 
length correlated with 
trunk length) 

Average 

18.7 in. 

18.5 in. 

48.8 in. 

To allow for 
97 percent of 
population 

21.1 in. 

21.0 in. 

52.8 in. 

Aisle widths 

Activities in 
aisle carried 
out opposite 
each other 

Dimensions 
Average person Large person 

(1) 1 working and 43.2 
1 passing, sitting 
or standing 

in. 

(2) 1 working and 
1 getting up from 
sitting to 
standing position 

(3) 1 working and 
1 bending (allow
ing 36 in. as 
average bending, 
not 48 in. 

57.4 in. 

Adequate 
for average 
sized 
people only 

Not quite 
adequate 

as in 
(1) above 

48.1 in. 

63.2 in. 

as in 
(1) above 

Adequate 
for all 
subjects 

60 in. 
consid
ered 
adequate 

(4) 2 working 
and 1 passing 

61.9 in. 60 in. 
not 
enough 

69.2 in. 66 in. 
consid
ered 
adequate 

Source: after Nuffield, 1961, 47 
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in a recommended range for a module width or unit of laborato

ry space as being between 10 ft. 6 in. and 12 ft., 12 ft. 

being appropriate only where the room length is at least 30 

ft. (Figure 4); 11 ft. is considered to be ideal. According 

to Barnett (1965, 191) the dimensions resulting from the 

Nuffield study indicate that the widely accepted 10 ft. module 

width often used in scientific laboratories is very often not 

large enough; it can produce uncomfortable working spaces and 

does not allow enough room for certain types of equipment 

(especially electronic instruments) which are often larger 

than the standard laboratory bench width. 

Room lengths of 24 to 30 ft. are recommended by the 

study. Units of this size are adequate for two, three or four 

scientists depending on the space requirements of the particu

lar disciplines (Nuffield, 1961, 50). 

4.2.2.1.3 Laboratory Space Norms. The laboratory module size 

recommended by Payette Associates (1989) is fairly consistent 

with the figures recommended by the Nuffield Study. Payette 

recommends an ideal laboratory module size of 11 ft. x 30 ft.; 

The commonly used 10 ft. width is considered to be tight, and 

the laboratory length could actually fall into a range between 

a 25 ft. minimum and a 32 ft. maximum. Others favor an ideal 

length range to be 25 to 35 ft. The actual laboratory space 
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per person (or per bench) recommended by Payette is 140 square 

feet (sf) minimum with an additional 30 sf per person for 

instrument space, bringing it to 170 sf/person (to which 

external components such as laboratory support and general 

support must be added). Sometimes Payette uses the figure of 

1.25 researchers per bench. Examples of various laboratories 

which fit the 11 ft. wide module are illustrated below 

(Figures 5, 6 and 7). 

4.2.2.1.4 Modules Observed. In the institutions visited, the 

laboratory module widths vary. The smallest laboratory module 

width observed is 7 ft. (counter center to counter center in 

center island laboratories); here the company feels it is too 

narrow but uses these few laboratories as productively as 

possible realizing they are in an old building which will 

eventually be remodeled. The greatest laboratory module width 

observed is 12 ft. (counter center to counter center in center 

island laboratories) ; this width represents only a few labora

tories in the facility and the company feels the width is too 

great. Generally the average width observed and the width 

most of the companies use is the 10 ft. module width. 

However, it must be pointed out that in the company where many 

E-shaped laboratories were observed, different dimensions for 

widths are used (see 4.2.2.2. Laboratory Types). To summa

rize, even though there is a strong argument in favor of a 
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module which is greater than the commonly used 10 ft. width, 

the commonly used width in the companies observed is generally 

10 ft. and the general preference falls into a range of 10 ft. 

minimum to 12 ft. maximum. 

The length of the laboratory module also varies in 

the institutions visited. The length of some is 20 ft. and of 

others is as long as 36 ft. Generally, the 20 ft. length is 

considered too shallow; a sink at the end of a center bench 

makes a 24 ft. length more desirable as a minimum length, and 

a 30 ft. length is the preferred solution. Whereas the length 

is sometimes a result of whatever dimensions are available in 

an existing building, it is generally driven by the type of 

work done in the laboratory (see 4.2.2.2 Laboratory Types). 

It must be pointed out that in one of the institu

tions visited the ultimate flexibility has been achieved 

through the use of large interstitial space which makes great 

open laboratory floors possible (of any size up to 65 ft. x 

245 ft.). Varied laboratory sizes can be accommodated easily 

in this institution since the clear span allows laboratory 

width to be varied as required. Where money is not a con

straint, this can be a very satisfactory solution and is an 

example of an instance where the laboratory module size does 

not need to be standard; the building's structural system will 

accommodate almost any (and varied) laboratory sizes. 
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4.2.2.2 Laboratory Types 

There are many different kinds of laboratories in a 

biotechnology facility, which are involved with different 

types of science and/or types of projects. It must be 

remembered that whereas laboratories are generally associated 

with research activities, they are also found in other areas 

of biotechnology such as in research and animal testing, 

development/scale-up, manufacturing and quality assur

ance/quality control. Again, even though the laboratory is 

mentioned in the research section, many of the attributes of 

the research laboratory apply to laboratories in other areas 

as well. 

The biotechnology laboratory types are generally 

described differently by various sources and by the different 

companies/institutions visited. First, according to 

DiBerardinis et al. (1987, 87), laboratory type is determined 

largely by the work activities performed, the hazardous 

properties and quantities of materials/equipment generally 

used, and any specific laboratory requirements which may have 

an adverse effect on health and safety either inside or 

outside the laboratory. DiBerardinis et al. (1987, 89-175) 

provide an excellent and detailed discussion of many different 

laboratory types and should be consulted for details. Of the 

sixteen laboratories described, some which relate to biotech

nology are the general chemistry laboratory, analytical 
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chemistry laboratory, high toxicity laboratory, clean room 

laboratory, controlled environment laboratory (hot/cold room), 

and the biosafety laboratory. Second, Payette Associates 

(1989) lists many more typical laboratory types which are 

found in a biotechnology facility. These include cell 

biology, molecular biology, biochemistry, protein chemistry, 

tissue culture, purification, biosafety (levels 1, 2, or 3), 

fermentation, neurochemistry, neurophysiology, physiology, 

electrophysiology, flow cytology/FACS, preparation, electron 

microscope, radioisotope, clean room (Class 10 to 100,000), 

analytical chemistry, general chemistry, organic chemistry, 

organic synthesis, polymer chemistry, and histology labora

tories. Next, generally the companies/institutions visited 

prefer to standardize their laboratories in terms of modular 

size and furnishings, even though specific use varies. It is 

less costly to have only a few laboratory types instead of 

many, in terms not only of first cost but considering inter-

changeability later on. If larger laboratories are designed, 

more than one module might be opened to join with others. In 

many of the companies, laboratories have been installed at 

different times, and as a result reflect variations in terms 

of size and casework (even though the functions may be the 

same); an effort is often being made to remodel and standard

ize. 
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4.2.2.2.1 Observations of Laboratory Types. 

4.2.2.2.1.1 Laboratories by Type of Science. One of the 

firms visited categorizes biotechnology laboratories into four 

general groups according to the type of science performed. It 

is generally believed that the fume hood requirements for 

these laboratories are the major drivers of the design. 

Categories determined by this firm are as follows: 

General Research Laboratory. The general research 

laboratory includes laboratories such as biochemistry, cell 

biology and protein biology. The biologists who use these 

laboratories generally need one fume hood for every two- to 

four-person laboratory at most. The configuration of the 

general research laboratory varies between the center island 

type and the E-shaped laboratory. In the center island type, 

the general laboratory standard is 20 ft. x 24 to 30 ft. with 

an 8 ft. ceiling height (Figure 8) . In the E-shaped laborato

ry, the size varies but there is a strong preference for an 11 

ft. bay for each scientist, bringing the dimensions to 22 ft. 

x 16 to 18 ft. (Figure 9) . Researchers at this firm have 

indicated they like a minimum of 12 ft. of bench space; 

however, 15 ft. is a preferred minimum. This firm has an 

internal planning standard for the general research laboratory 

of 300 sf per person which includes: laboratory, 100 sf per 

person; laboratory support, 100 sf per person; and office, 
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100 sf per person. The E-shaped laboratory was the subject of 

much discussion at this firm since it appears it is the 

configuration vastly preferred by the researchers there. 

Preference is a psychological issue; researchers feel it is 

more personal, that they are less disturbed since people don't 

walk through their working area, and that it is a good 

response to their unorthodox schedules where they might work 

for 24 hours at a time and then be off for 24 hours. 

General Chemistry Laboratory. The second category of 

laboratories discussed by this same firm is the general 

chemistry laboratory. Here two fume hoods are required in 

every two- to four-person laboratory. Whereas a 30 ft. length 

will do, the desired length of this laboratory is 32 ft. The 

typical layout is center aisle and is 20 ft. x 32 ft. (Figure 

10) . 

The internal planning standard at this company for 

this laboratory type is 300 to 320 sf per person which 

includes: laboratory, 100 to 110 sf per person; laboratory 

support 100 to 110 sf per person; and office, 100 sf per 

person. There are two to four people in a 20 ft. x 32 ft. 

laboratory. 

Organic Chemistry Laboratory. The organic chemistry 

laboratory is very different from the other kinds of laborato

ries. Since almost all work is performed under a fume hood, 
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more space is needed. Generally, each worker needs a fume 

hood. Some scientists in organic laboratories require 8 ft. 

length hoods. The minimum module size for this laboratory is 

20 ft. x 33 to 36 ft. This provides an internal planning 

standard of 450 to 500 sf per person which includes: labora

tory, 150 sf per person; laboratory support, 150 sf per 

person; and office, 150 to 200 sf per person (Figure 11). 

Analytical Laboratories. The fourth major group of 

laboratories observed at the same company are the analytical 
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Figure 11. Organic Chemistry Laboratory 

laboratories. Testing functions are performed in these 

laboratories such as quality control and assays. This firm 

pointed out the facts that analytical laboratory workers work 

a regular eight-hour day and generally aren't as concerned 

with the laboratory as the researchers are. The work done in 

these laboratories is more a production line. Standard 

modules observed are 20 ft. x 32 ft. (Figure 12). 
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4.2.2.2.1.2 Standard Laboratories. Whereas the laboratories 

at the above mentioned institution are generally categorized 

into four generic types, other institutions have other methods 

of categorizing/standardizing their laboratories. 

For example, one of the institutions visited de

scribes all of its laboratories as fitting one basic, generic, 

standard. They were built as generic, since the future use 

was unknown when the laboratories were originally designed; it 
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was also determined that a standard design would lend itself 

to most laboratory types and require a minimum of change in 

the future. Originally, there were minor variations such as 

six-person laboratories and four-person laboratories, but most 

were basically the same. Since the building has been occu

pied, some of the laboratories have been redone as Pis have 

had other needs, but changes have been relatively minor. The 

characteristic laboratory has a closed office, benches and one 

fume hood. The illustration below shows the institution's 

standard 10 ft. x 23 ft. laboratory module forming a 30 ft. x 

23 ft. laboratory, typical for four technicians and a PI. 

Laboratories are on the building's perimeter with central 

shared support space on the interior (Figure 13). 
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Figure 13. Standard Laboratory 
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4.2.2.2.1.3 Open Versus Closed Laboratories. Laboratories 

are also typed according to whether or not they are opened or 

closed. In some cases a single laboratory module might 

represent a single laboratory and in others, more than one 

module might be opened to join with others. The large open 

laboratory has much merit in contributing to interaction among 

workers, and, it is believed by many that it provides a more 

interesting environment for those working there. However, 

many clients prefer the closed laboratory, finding it advanta

geous to separate laboratory functions even if the laborato

ries have the same general physical requirements. Of course, 

there is also the fact that many laboratory types have very 

different requirements and therefore must be closed and 

separate. What has been found generally in the companies 

visited is a mixture of open and closed laboratories. One 

firm considers the ideal size of a laboratory (or degree of 

openness) to be in the range between the one module minimum 

(two benches plus a center aisle for two to four workers) and 

the four module maximum (eight benches plus four center aisles 

which could begin by having twelve people and grow to sixteen 

or two per bench). 

In another of the companies visited there are 

predominantly two types of laboratories. Whereas both are 

generally described as biological, obvious variations relate 

to how open or closed they are. The degree of openness is a 
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reflection of the kind of work performed in each. The first 

type is the cell culture laboratory. This laboratory is 

closed primarily in order to minimize contamination. Here the 

work involves growth of mammalian cells in culture, sterile 

media preparation, and monitoring of cell growth conditions. 

The former two demand biological safety cabinets to work under 

sterile, noncontaminating conditions while the latter is 

microscope intensive. Some of the laboratories are involved 

with working with viruses and some are not; these are separat

ed for contamination reasons. The cell culture laboratories 

are more enclosed, more isolated and generally smaller. 

Dedicated support space and offices are interspersed with the 

laboratories, forming groups. A typical example is illustrat

ed below (Figure 14) . The second type of laboratory found in 

this company is the protein chemistry laboratory. Generally 

this laboratory, unlike the cell culture laboratory, is a 

large, open laboratory. Here the work often involves peptide 

synthesis and sequencing. The protein chemist uses a lot of 

organic chemicals but does not perform synthesis of organic 

compounds, hence the fume hood requirements are low. There is 

much heavy instrumentation and the protein chemistry laborato

ry is equipment intensive. A major component of this labora

tory is the large amount of accessible cold room space which 

is required by the work performed. These laboratories have 

an associated readily accessible cold room and refrigerated 
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Figure 14. Cell Culture Laboratory 

glass display cabinets (similar to those often found in 

grocery/convenience stores) where experiments can be observed 

and materials stored without having to leave the laboratory. 

There are also larger doors which provide complete access to 

the cold room when needed. The typical protein chemistry 

laboratory found in this company is illustrated below; it was 

mentioned that it would be preferable to have more cold room 

space by having an additional large locker at each end of the 

room, more accessible to those stationed there (Figure 15). 

4.2.2.2.2 Biosafetv Laboratories. Another way of typing 

laboratories is according to the potential hazards or risks 

involved. A hazard includes organisms or agents which have 

the potential for causing allergic, toxic or other biological 
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Figure 15. Protein Chemistry Laboratory 

effects (including disease) in humans. Containment is a term 

which describes safe methods for managing these potentially 

hazardous or infectious agents. Agents and design implica

tions are discussed in detail in Biosafetv in Microbiological 

and Biomedical Laboratories, which serves as a basis for the 

following discussion (United States Department of Health and 

Human Services, 1988, 4). Laboratory areas which are con

tained or isolated are necessary in order to protect the 

worker, the environment and/or the product. Primary contain

ment protects the worker and immediate laboratory environment 

from exposure to hazardous materials. This is provided by 

good microbiological techniques and such practices as the use 

of appropriate safety equipment and the use of vaccines for 

personal protection. Secondary containment protects the 

outside environments from exposure to infectious or hazardous 
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materials. Laboratory practices, safety equipment and 

facility design are the methods by which various levels of 

containment are achieved. 

Designated biosafety levels (BL1-4) intended for use 

in laboratory research (and in animal facilities) have been 

specified and recommended by the NIH. Discussion of them 

appears in the "National Institutes of Health Guidelines for 

Research Involving Recombinant DNA Molecules" (United States 

Department of Health and Human Services, May 7, 1986) as well 

as in the above mentioned set of guidelines for work with 

pathogenic microorganisms, Biosafetv in Microbiological and 

Biomedical Laboratories (United States Department of Health 

and Human Services, 1988). These sources should be consulted 

for more complete information on the subject. The potential 

hazards of the various agents used in the laboratory (the 

types of organism used) serve as the basis for the biosafety 

level recommendations made. The four levels described consist 

of combinations of laboratory practices and techniques, safety 

equipment and facilities which are appropriate for the 

operations performed and the hazards posed. An actual fifth 

level does exist which is the designation for the laboratory 

in which the most dangerous organisms of all are used (Mount, 

1990). 

In the institutions visited, there is a wide varia

tion in the numbers and types of biosafety laboratories 
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observed. Some have no designated biosafety laboratories 

whatsoever and others have BL1, BL2 and BL3 laboratories, 

depending upon the organisms which are used in them. Accord

ing to Mount (1990), typical distribution for the biosafety 

laboratory types in biotechnology facilities in academic 

institutions, such as the University of Arizona, includes 

approximately: 80 to 90 percent BL1 laboratories, 8 percent 

BL2 laboratories and less than 3 percent BL3 laboratories; 

generally BL4 laboratories are not seen. 

Biosafety levels (BL1-4) are briefly described below, 

mostly as they relate to the design of the facility. 

4.2.2.2.2.1 Biosafety Level 1 Laboratories. BL1 is the 

designation given to work which involves agents which have no 

known hazard or minimal potential hazard to employees and the 

environment. From a facility design point of view, the 

laboratory does not need to be separated from the general 

traffic patterns of the building. Work is generally conducted 

on open bench tops. Cleanliness is a major issue in the 

design of the laboratories; they must be easy to clean. Bench 

tops should be impervious to water and resistant to acids, 

alkalis, organic solvents, and moderate heat. Laboratory 

furniture should be sturdy, and it, as well as the equipment 

and spaces around it, should be accessible for cleaning. Each 

laboratory should have a sink for handwashing. If there are 
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operable windows, they should have fly screens (United States 

Department of Health and Human Services, 1988, 12). 

4.2.2.2.2.2 Biosafety Level 2 Laboratories. BL2 is similar 

to BL1, however there is moderate potential hazard to person

nel and the environment. Partial containment equipment may be 

necessary such as a Class I or II Biological Safety Cabinet. 

The design of the facility is similar to the BL1 designation. 

An additional recommendation is that an autoclave for decon

taminating infectious laboratory wastes be available (United 

States Department of Health and Human Services, 1988, 15-16). 

4.2.2.2.2.3 Biosafety Level 3 Laboratories. BL3 is the 

designation given to work which involves agents which present 

high potential risk to personnel and the environment. An 

example of an agent used in this laboratory is the AIDS virus; 

whereas it is permitted on a small scale in the BL2 laborato

ry, it is generally recommended that, instead, it be used in 

the BL3 laboratory. Procedures involving manipulation of 

infectious materials must be conducted within biological 

safety cabinets (Class I, II or III) or by using "other 

appropriate combinations of personal protective or physical 

containment devices (United States Department of Health and 

Human Services, 1988, 19)." The biological safety cabinet 

protects the worker, the environment (where aerosol contami
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nants are filtered by high efficiency particulate air [HEPA] 

filters), and, in the case of Class II and III cabinets, 

protects the product as well (Eagleson, 1990, 303-316). 

Unique features which differentiate the BL3 laboratory from 

the basic laboratory (BL1 or BL2 laboratory) are the facts 

that it must have provisions for access control, windows are 

to be closed and sealed, and there must be a specialized 

ventilation system where exhaust air is not recirculated to 

any other area of the building but is discharged to the 

outside away from air intakes and occupied areas. The reason 

terminal filtration of HEPA or other exhaust air is not 

required in the BL3 laboratory (or in the BL1 or BL2 laborato

ries) is because... 

...dilution within the exhaust air volume 
and discharge distribution, the impact of 
ultraviolet rays, and other deleterious 
effects of the environment on the viability 
of airborne microorganisms, such as 
temperature and dehydration, would prevent 
a situation from occurring whereby a person 
outside the building could be exposed to 
infectious inhalation (Lunsford and 
Barkley, 1990, 624). 

However, there are certain locations where terminal filtration 

is recommended, such as in BL4 laboratories. The BL3 labora

tory, also called the containment laboratory, may be a single 

module, a complex of modules in a building or an entire 

building. In every case the laboratory should be separated by 

a controlled access zone from public areas. For a more 
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detailed discussion see the United States Department of Health 

and Human Services publication (1988, 16-21) (Figure 16). 

30"CTR 

T.C.ROOM T.C.ROOM 
TYP. 

BIO SAFETY 
HOOD / SINK W/CW.HW, RO 

—E3— 
CENT INC. CENT INC. 

A.C02TYP. 
FOR INCUBATORS 

GOWN -
STORAGE 

ALT. 
TOILET 
LOC. 

PRESSURE 
.CONTROLS INC. INC. AUTOCUVE 

ENTRY 

T.C. ROOM 

PLAN 830 S.F. 1/8"=1'-0" 

Figure 16. Biosafety Level 3 Laboratory 

Source: after Payette Associates, 1989 

4.2.2.2.2.4 Biosafety Level 4 Laboratories. BL4 is a maximum 

containment laboratory. It has special engineering and 

containment features which allow activities involving danger
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ous and exotic agents which present extreme hazards to the 

worker (or which may cause serious epidemic disease) to be 

conducted safely. It is usually a separate building; however, 

it may be constructed as an isolated area within a building. 

In addition to requirements observed in the BL3 laboratory, 

the BL4 laboratory has secondary barriers which prevent 

hazardous materials from escaping into the environment. These 

include sealed openings into the laboratory, airlocks or 

liquid disinfectant barriers, a dressing room and shower room 

contiguous to the laboratory, a double door autoclave, a 

biowaste treatment system, a separate ventilation system, and 

a treatment system for decontaminating exhaust air (United 

States Department of Health and Human Services, 1988, 25-28). 

BL4 laboratories are few in number since very few laboratories 

require such restrictive safeguards (Lunsford and Barkley, 

1990, 620). 

4.2.2.2.3 Clean Room Laboratories. The clean room is a 

laboratory type which could be the subject of a lengthy 

discussion. It will be briefly mentioned here because it is 

frequently observed in the biotechnology facility. The clean 

room is associated with various phases of the biotechnology 

operation including research, development, manufacturing and 

finishing. It has been developed to establish minimum 

contamination of a defined task and accommodates activities 
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which are characterized by a need for extreme cleanliness. A 

current discussion of clean rooms is provided by Kohne (1990, 

610-619), who describes a clean room as consisting of a 

"specially constructed, enclosed area that is environmentally 

controlled with respect to airborne particles, temperature, 

humidity, air motion, electrostatic discharge and lighting 

(Kohne, 1990, 610)." Federal Standard 209 D provides back

ground information for designers of clean rooms in detailing 

airflow patterns, acceptable particle counts and clean room 

definitions which are normally used in the industry (General 

Services Administration, 1988). Other national standards 

which generally define the requirements for design and 

certification of clean rooms include the American Association 

of Contamination Control (1970), Standard CS-6T and the 

Institute for Environmental Sciences (1984), Standard IES-CC-

RP-006 (Kohne, 1990, 610). 

Federal Standard 209 D classifies the clean room 

according to the maximum allowable particle count per cubic 

foot of air; lower classifications imply cleaner rooms. Kohn 

(1990, 611) states that whereas most office and laboratory 

environments have a background count of 200,000 to 500,000 

particles per cubic foot of air, a rating of Class 100,000 is 

the normal, least stringent classification for a clean room 

allowing a maximum of 100,000 particles of 0.5 microns in size 

or larger and 700 particles of 5.0 microns or larger per cubic 
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foot of air. The Class 10,000 clean room allows a maximum of 

10,000 particles or larger (and 70 particles of 5.0 microns or 

larger per cubic foot of air); the Class 1000 room allows a 

maximum of 1000 particles, the Class 100 allows a maximum of 

100 particles and the Class 10 clean room allows a maximum of 

10 particles of 0.5 microns or larger per cubic foot of air 

and restricts the number of particles of 0.1 microns in size 

or larger to a maximum of 350 (Kohne, 1990, 611). The most 

stringent classification at this time is Class 1 which is used 

for critical processing environments. The classification 

widely used in the pharmaceutical industry has been Class 100 

(Gabler, 1987, 128). Air pressure is more positive in the 

clean room than in surrounding areas to avoid intrusion of 

contaminated air into the clean room. Materials used in clean 

room construction are important in controlling the particulate 

count. Generally, surfaces should be smooth, cleanable, 

nonabrasive, chip resistant and have a minimum number of 

joints and no moldings (Kohne, 1990, 616). 

Further discussion of clean rooms is provided by 

several other authors (Benedix, 1980, 11-15; Institution of 

Mechanical Engineers, 1986, 50 pages; DiBerardinis et al., 

1987, 112-119; Marsh, 1980, 15-17; Melnick, 1986, 71-73; 

Morhard, 1986, 52-54; Rapa, 1980, 17-20; Shaeffer and David

son, 1979, 61-62; Stanley and Brooks, 1986; 64-67; Weber, 

1987, 66-68; and Whyte, 1984, 103-108). 
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4.2.2.3 Laboratory Casework 

The important subject of laboratory casework is ex

plored in detail by Payette Associates (1989) which serves as 

a major source in this discussion; additional input is offered 

by the companies/institutions visited. Laboratory casework 

includes the laboratory furnishings such as the benches, 

shelving, cabinets and drawers. It comprises the most 

prominent element in both laboratory cost and design. The 

area will be examined in terms of general considerations, 

elements/dimensions, casework layout, cabinet structure types, 

major casework manufacturers, cabinet materials, and counter 

top materials. 

4.2.2.3.1 General Considerations. Design decisions need to 

be made regarding the quality, flexibility, modular design, 

and cost of the laboratory casework. First, it is advisable, 

when designing a laboratory, to use high quality casework for 

both the architect's and the client's protection. Generally, 

the UL rated cabinets are the ones which should be used. In 

the firms visited it is evident that the quality of the 

casework relates to the maturity of the company/institution 

and to its resources; generally, as the company becomes more 

mature and develops more resources, a noticeably higher 

quality of casework is instituted. Second, flexibility is a 

very important issue to all the firms visited (see 5.3 
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FLEXIBILITY ISSUES). As needs and projects change, so does 

the laboratory. Therefore, given the high cost of all 

casework types, a casework system which can be changed is 

generally preferable to one which cannot. Third, modular 

design is very important. Casework should be on a modular 

grid and should be integrated with other systems such as the 

structural, electrical, mechanical, plumbing, wall and window 

systems. For example, laboratory benches, columns, light 

fixtures and windows, among others, should be on the same 

grid. Special conditions should be avoided in favor of 

standardization. A minimum number of laboratory types (as 

previously mentioned) is preferred. Finally, as indicated 

above, the cost for laboratory casework can be substantial and 

must be carefully considered. 

4.2.2.3.2 Elements/Dimensions. The elements in laboratory 

casework vary. They include benches, shelving/wall cabinets, 

and storage cabinets. It is desirable that anthropometric 

data be used as a basis for casework dimensions (see 4.2.2.1.2 

Ergonomics). 

4.2.2.3.2.1 Laboratory Bench. First, the most prominent and 

important element of laboratory casework is the laboratory 

bench. Although, as previously mentioned, the Nuffield 

Foundation (1961, 46 and 49) advocates a bench depth of 24 
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in., currently the typical bench depth is 22 in., and the 

commonly observed counter top depth is 30 to 31 in. The 

discrepancy between the bench and bench/counter top is 

accounted for by a 1 in. counter top overhang and a typical 

7 to 8 in. service spine behind the bench. Depending on the 

construction of the wall (if there is one) and the utility 

space needed, the service spine can require 1 ft. to 1 ft. 

6 in. between two rows of benching arranged back to back. 

Bench height varies. Payette Associates (1989) 

prefers two bench heights, combining them in the laboratory 

since work varies as does the size of the worker; a high bench 

is recommended for standing (36 to 37 in. including counter 

top) and a low bench is recommended for sitting (30 to 31 in. 

including counter top). The Nuffield Foundation differs in 

recommending low benches for sitting at 28 in. in height and 

two heights for high benches, for both sitting and standing, 

at 34 in. and 36 in. in height (1961, 47-48) (Table 2). In 

the firms visited, bench heights vary, ranging from 27 to 38 

in., as do philosophies regarding standing and sitting space 

in the same laboratory. In one of the firms visited, it was 

mentioned that with the growing trend toward instrumentation, 

lower bench height in certain areas of the laboratory (27 to 

28 in.) is desirable for instruments which in themselves take 

up much height; this makes them more accessible to the 

researcher. 
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Table 2. Recommended Heights and Clearances for Laboratory 
Furniture 

Type of 
bench 

Bench 
height 

Seat 
height 

Minimum vertical 
clearance from 
ground to under-
side of bench 

Sitting 
only 

2 ft. 4 in. 
(28 in.) 

1 ft. 5 in. 
(17 in.) 

2 ft. 2 in. 
(26 in.) 

Standing 
and 
sitting 

2 ft. 10 in. 
(34 in.) 

2 ft. 1 in. 
(25 in.) 

2 ft. 8 in. 
(32 in.) 

Standing 
and 
sitting 

3 ft. 0 in. 
(36 in.) 

2 ft. 3 in. 
(27 in.) 

2 ft. 10 in. 
(34 in.) 

Minimum horizontal 
clearances under bench 

Type of 
bench 

At bench 
level 

At ground 
level 

Minimum knee-
hole width 

Sitting 
only 

1 ft. 6 in. 
(18 in.) 

2 ft. 0 in. 
(24 in.) 

1 ft. 11 in. 
(23 in.) 

Standing 
and 
sitting 

1 ft. 6 in. 
(18 in.) 

2 ft. 0 in. 
(24 in.) 

1 ft. 11 in. 
(23 in.) 

Standing 
and 
sitting 

1 ft. 6 in. 
(18 in.) 

2 ft. 0 in. 
(24 in.) 

1 ft. 11 in. 
(23 in.) 

Source: after Nuffield, 1961, 48 
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Bench length also varies. The Nuffield study (1961, 

40-41) indicates 10 to 12 ft. per person is sufficient most of 

the time but generally favors 15 ft. per person for bench 

length. The institutions visited use varied bench lengths. 

One firm pointed out the fact that researchers would prefer at 

least 12 ft. of bench length. Another institution uses an 8 

ft. bench length as a standard and adds a 4 ft. desk for each 

person. Payette Associates (1989) feels an 8 to 11 ft. bench 

length is needed per person plus 4 to 6 ft. desk space and 

equipment space. It is interesting to note that such equip

ment as the liquid chromatograph requires 6 linear ft. of 

counter space. Since equipment and instrument use is continu

ally growing, this must be accounted for in the design. Yet, 

many new types of equipment are smaller than their predeces

sors in biotechnology; work with small volumes is leading to 

use of smaller equipment, which takes up less space in the 

laboratory. 

4.2.2.3.2.2 Shelving/Wall Cabinets. Another important 

element of laboratory casework is shelving and wall cabinets. 

Payette Associates (1989) recommends the reagent shelf (shelf 

for substances above the counter) be located 18 in. above the 

high bench. This is a very important dimension and must be 

observed for the benefit of those working in the laboratory 

who are short. Reagent shelves should have a front retaining 
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lip, especially in areas where seismic activity is high, to 

prevent spillage/breakage during an earthquake. Shelving 

above the reagent shelves is generally in 12 in. height 

increments. Shelving and cabinets should not be higher than 

6 ft. from the finished floor according to Baum and 

DiBerardinis (1987, 282) , who go on to say that sloped tops of 

wall hung cabinets prevent storage on top. This is especially 

important in rooms with sterile, clean or contaminated 

environments in preventing supplies from being stored on top 

of the cabinets, therefore making it easier to clean surfaces; 

a 30 degree slope or more is suggested. Hinged doors on 

cabinets should not project beyond the edge of the bench top 

below (Baum and DiBerardinis, 1987, 282). If the clearance 

between the horizontal work surface and the underside of the 

wall mounted storage unit is less than 2 ft., projection of 

these units over the work surface should not be greater than 

1 ft. (DiBerardinis et al., 1987, 62). Wall cabinets may be 

open or closed. 

4.2.2.3.2.3 Base Cabinets. Base cabinets can be designed in 

combinations of drawers and cupboards. Standardization in 

drawer and door sizes is cost effective. Custom design can 

allow for special features such as pull-out writing tables, 

waste bins and open shelves. The base cabinets can be fixed 
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(mounted on a fixed base) or moveable (mounted on heavy-duty 

casters) (Payette Associates, 1989). 

Shell. The most cost effective base cabinets, 

according to Payette Associates (1989) have a single shell 

size from 24 to 48 in. in width and 22 to 23 in. in depth. 

Center posts are required in cases over 48 in. Frame members 

should be screwed and glued in place, not stapled. Side 

panels, can be screwed and glued to the frame. Mitered or 

rabbeted joints are to be screwed and glued to the front 

panel. Removable back panels provide access to utilities. 

Counter TOP. Common counter top depth is 30 or 31 

in.; however, 24 or 36 in. depths are used as well. For 

peninsular or center island units, the depth is often 54 or 

60 in. The top rail of the base cabinet may be constructed of 

solid wood, metal angle or unistrut, and the counter top 

attached to it. The counter top protrudes 1 in. in front of 

the rail to hide the joint. The counter top can be 1 in. wood 

stock if it is supported independently of the base. Payette 

Associates (1989) goes on to mention that counter top free 

spans vary between 3 and 7 ft., and for longer spans a support 

leg or heavy duty wall bracket is used. 

Base. The base of the cabinets, also discussed by 

Payette Associates (1989), is constructed on a 2 in. x 4 in. 

frame. The base may be of vinyl or solid wood with durable 

finish. The joint between the vinyl base and the floor must 
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be sealed. Since variations in floor height of 1 to 2 in. per 

20 ft. span are common in laboratory buildings, this must be 

accounted for so the base can accommodate these variations. 

For moveable base units, adjustable metal screw leveling legs 

are recommended; for mobile units, heavy duty furniture 

casters are recommended. Here shell height must be adjusted 

to allow for caster height. 

Drawers. Payette Associates (1989) goes on to say 

standard drawer heights in the base cabinets are generally 

3 in., 6 in. and 12 in. Drawer slides can be routed to 

support the drawer bottom. Drawers are usually used for small 

items and can be subdivided with thin plaster or wood panels. 

Surface mounted heavy duty slides with three-quarter or full 

extension should be used. Drawer fronts of solid wood are 

recommended over veneer. Most drawer fronts overlap the front 

of the case. It is critical to have good alignment. Drawers 

should be spaced for equal reveals. The front should be 

screwed and glued to the drawer shell and the pulls to the 

front. 

4.2.2.3.2.4 Miscellaneous Casework. Other laboratory 

casework features include miscellaneous items such as foot 

pedals at the sink, pull-out writing tables, storage cup

boards, compressed gas cylinder racks, drying racks (which are 
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becoming unnecessary if the laboratory has an accessible 

glassware wash room), and laboratory tables. 

4.2.2.3.3 Casework Layout. Arrangement of the laboratory 

casework must take safety and functional needs into consider

ation as well as provide a positive and productive working 

environment for those using the laboratory. 

4.2.2.3.3.1 Clarity of Aisle/Bench Layout. Clarity of aisle 

and bench layout and organization is essential; the casework 

arrangement must facilitate egress from the laboratory in case 

of emergency. Whereas laboratory arrangements have been 

discussed (see 4.2.2.1 Laboratory Module), benches arranged in 

parallel rows form easily recognized, regularly spaced working 

aisles (between 5 and 7 ft.). E-shaped laboratories can 

display clarity as well. Baum and DiBerardinis (1987, 279) 

believe the working aisles should join directly to at least 

one egress aisle of equal or greater width, which in turn 

should lead directly to a fire protected exit. Laboratory 

working aisles are flanked by equipment and benches with 

counter tops as previously discussed in this section on 

casework (see 4.2.2.3.2 Elements/Dimensions). 

4.2.2.3.3.2 Hazard Zoning. The laboratory casework layout 

should also reflect attention to the principles of hazard 
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zoning. The potential hazards which exist in the laboratory 

are many, including fire, smoke, explosion, intense heat, 

electrocution, laser beams, radiation and toxic or infectious 

materials or fumes. As discussed by Payette Associates (1989) 

and Baum and DiBerardinis 1987, 279-280), the hazard zones 

should be layered so that the sources of greatest potential 

hazard are located farthest from the primary exit. In many 

instances the fume hood would be at this location; less 

hazardous zones consisting of the chemical area or bench would 

be secondary in terms of distance from the primary exit and 

the least hazardous or safest activities, such as desk and 

microscope activities, would be closest to the exit so people 

are able to exit quickly (Baum and DiBerardinis, 1987, 280). 

Hazard zoning is a guiding principle in the layout of the 

laboratory casework. 

4.2.2.3.4 Cabinet Structure Types. There are several 

different structural types of laboratory casework. Of primary 

importance in the selection of all types, however, is the fact 

that the casework must be strong and sturdy. Special care 

must especially be taken in the construction of the wall 

cabinet, where the weight of the cabinet (and its contents) is 

supported by a wall by shear force rather than by the floor in 

compression, as base units are. As Payette Associates (1989) 

points out, a fully loaded wall cabinet can kill a person if 



156 

it falls. Casework must be structurally sound and able to 

withstand heavy loads. It is a good idea to assume the 

shelves and cabinet top will be loaded at approximately 

65 lbs. per linear foot (Payette Associates, 1989). 

4.2.2.3.4.1 Fixed Base Mounted Unit. A cabinet structure 

type preferred by Payette Associates (1989) is the fixed base 

mounted unit because of its high strength, vibration stabili

ty, greater storage capacity and the fact that it reduces 

floor cleaning. The disadvantages of no height flexibility or 

ability to make storage unit changes are reasons why some 

firms don't use this system. 

4.2.2.3.4.2 Fixed Frame Unit (above floor). Another struc

tural type of cabinet discussed by Payette Associates (1989) 

is the fixed frame unit which is mounted above the floor. 

Here the benefits include high strength, lower cost and the 

fact that the floor can be cleaned beneath the unit. Disad

vantages include reduced storage capacity. 

4.2.2.3.4.3 C-frame Unit (above floor). Many of the firms 

visited prefer the C-frame cabinet, which is mounted above the 

floor, because of its great flexibility. Here, as described 

by Payette Associates (1989), structural metal is used and the 

counter top is suspended with drawers below. The height can 
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be changed (usually not by the researcher but by workmen), 

storage units can be changed and the area beneath the cabinets 

can be cleaned. The major disadvantage is that this system is 

not vibration stable which can present problems for microscope 

use. Other disadvantages include lower strength and lower 

storage capacity (about 1 ft. of storage space is lost since 

the unit is up off the floor). There is a cost premium for 

the flexibility provided by this system of about 15 percent. 

4.2.2.3.4.4 Mobile Unit. The mobile unit is on wheels. The 

units and services including plumbing connections can be 

plugged in and out. 

4.2.2.3.5 Maior Casework Manufacturers. It is a good idea 

for the designer to use a reputable casework manufacturer. 

Sometimes, good kitchen cabinet manufacturers will custom make 

high quality casework for less expense; this is always worth 

investigation. Some reputable manufacturers recommended by 

Payette Associates (1989) include: Duralab, Fisher Scientif

ic/Laboratory Conco, Hamilton Scientific, Kewaunee Scientific, 

Laboratory Furniture, Inc., Market Forge and St. Charles 

Kitchen. Hamilton Scientific is generally the most widely 

used casework among the companies visited. 
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4.2.2.3.6 Cabinet Materials. Cabinet materials vary in 

quality and cost. Again, the major source for this informa

tion is Payette Associates (1989). 

4.2.2.3.6.1 High Pressure Laminates and Melamine. High 

pressure laminates and melamine are used as cabinet materials. 

Major advantages include low cost and good color selection. 

Disadvantages include poor surface durability, warping, low 

strength and combustibility. However, chemical resistant 

laminates are available. 

4.2.2.3.6.2 Metal (including stainless steel). Metal, 

including stainless steel, has certain advantages which 

include aesthetics, noncombustibility and cleanliness. Where 

there are stringent cleanliness requirements, stainless steel 

is the best material to use; these areas might include 

glassware wash areas, cold rooms, surgery rooms, clean rooms 

(and production areas, but this will be mentioned later). 

Disadvantages include poor paint durability and corrosion, and 

the high cost of stainless. 

4.2.2.3.6.3 Wood and Wood Veneers. Wood and wood veneers are 

favored by many because of surface durability, aesthetic 

appeal, high strength, and chemical resistance. Since wood 

does not corrode it is an especially appropriate material to 
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use in such places as chemical storerooms. Disadvantages 

include combustibility, high cost and the fact that cleanli

ness is more difficult to achieve when using wood where 

requirements are stringent. 

4.2.2.3.7 Counter TOP Materials. Counter top materials are 

highly variable. The following discussion is based on 

information provided by Payette Associates (1989). 

4.2.2.3.7.1 Cast Epoxy. Cast epoxy is considered by Payette 

Associates to generally be the most used counter top material. 

Cast epoxy is characterized by a smooth surface. Colors are 

black, gray or brown. Maximum free span is 6 ft. It comes in 

4 ft. x 8 ft. sheets. It generally has a raised front edge 

and an integral backsplash. Major casework manufacturers 

carry it. Advantages include durability, and resistance to 

stain, heat, thermal shock and abrasion; it is also strong 

upon impact load. The major disadvantage is its high cost; 

other disadvantages include poor joint tolerance, poor 

thickness consistency and it cannot be cut or drilled on site. 

4.2.2.3.7.2 Stainless Steel. Stainless steel is character

ized by its smoothness and light gray color. The maximum free 

span is 6 ft. It has no size limit. It has a raised front 

edge and integral backsplash. The sinks are integral; care 
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must be taken to be sure they are sloped for proper drainage. 

Stainless steel is carried by some casework manufacturers and 

custom fabricators. The benefits include durability, the fact 

that it is easily decontaminated and resistance to heat, 

thermal shock and abrasion. The major disadvantages are the 

high cost and the fact that it cannot be cut on site. 

4.2.2.3.7.3 Soap Stone. Soap stone is a natural material 

which is generally characterized by its natural gray color, 

lack of joints and the fact that it is less smooth than such 

materials as cast epoxy. The free span maximum is 3 ft. It 

comes in 2 ft. x 5 ft. sheets. It is carried by some casework 

manufacturers but does not appear to be widely used. Benefits 

include durability, resistance to heat, thermal shock, and 

abrasion; it also has good joint tolerances. Disadvantages 

include high cost, low impact strength and the fact that it 

cannot be cut or drilled on site. 

4.2.2.3.7.4 Corian. Corian is a smooth counter top which 

comes in many colors and textures. The maximum free span is 

4 ft. It comes in 4 ft. x 8 ft. sheets. It looks promising 

as a possible alternative to cast epoxy and appears to be 

worth investigating. Benefits include resistance to heat, 

moderate resistance to stain and good joint tolerances. It 

appears to be a very durable material. Disadvantages include 
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abrasion resistance, and the facts that it is less stain 

resistant than some other materials, and it cannot be cut or 

drilled on site. 

4.2.2.3.7.5 Co lorceran. This is an epoxy line but is 

slightly less durable than epoxy. It is a relatively impervi

ous monolithic sheet. It is characterized by a smooth 

appearance and comes in black, gray, brown, green and off-

white. The maximum free span is 6 ft. It comes in 4 ft. x 

8 ft. sheets. Benefits include durability and resistance to 

stain, heat, thermal shock, abrasion and chemical corrosion; 

it has good joint tolerances. Major disadvantages include the 

fact that it is an asbestos product and that it cannot be cut 

or drilled on site. 

4.2.2.3.7.6 Colorlith. Colorlith is a smooth counter top 

which comes in black, gray, brown, green and off-white. The 

maximum free span is 6 ft. It comes in 4 ft. x 8 ft. sheets. 

Benefits include durability and resistance to stain, heat, 

thermal shock, abrasion and chemical corrosion; it has good 

joint tolerances. Disadvantages include the facts that it is 

an asbestos product and that it cannot be cut or drilled on 

site. 
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4.2.2.3.7.7 High Pressure Chemical Resistant Laminate. This 

is a smooth material, and it comes in many colors and pat

terns. The maximum 4 ft. free span with plywood substrate 

uses a frame support. It comes in 4 ft. x 8 ft. sheets. 

Benefits include thermal shock resistance, good joint toler

ances, low cost and the fact that it can be cut and drilled on 

site. It is recommended for use in less water-oriented places 

such as in dry laboratories. Disadvantages include low 

abrasion resistance, less general strength, less impact 

strength and the fact that it melts if burned. 

4.2.2.4 Laboratory Ceilings 

There is much controversy and difference of opinion 

over open and closed ceilings in the laboratory. Clients are 

generally biased in favor of one over the other. Some prefer 

the open airy feeling of space; and others, the more finished 

appearance of the closed ceiling. There are advantages and 

disadvantages of each, and it is important that the designer 

evaluate other issues involved such as lighting, utilities, 

maintenance, function, cost, codes and aesthetics in deciding 

which system to use. A major source of information in this 

area is Payette Associates (1989) whose many ideas relating to 

both sides of the issue will be discussed below. 
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4.2.2.4.1 Open Ceilings. Those who favor the open ceiling 

system do so for various reasons. First, the open system 

provides direct access to utilities, which means that it 

accommodates preventative and regular maintenance functions 

easily as well as engineering modifications and changes. 

Second, this ceiling system generally provides higher spaces 

which give an optimum feeling of loftiness and space. Third, 

unsightly tile damage from leaks and maintenance throughout 

the life of the building is avoided. Fourth, greater flexi

bility in lighting system design is possible with the addi

tional space provided. Finally, some feel this system has 

potential for better air quality with greater volume for 

dispersal; the system lends itself well to the perforated 

duct. 

There are also some disadvantages of the open ceiling 

system which must be considered. First, exposed piping, 

ductwork, conduits, lighting and the structure itself tend to 

collect dust and potential molds which can be a source of 

contamination in the laboratory. This can be an especially 

critical issue in certain areas such as tissue culture rooms. 

Second, since the utility system is exposed, there is a 

greater need to organize it in a coherent manner. This can 

increase the mechanical floor distribution costs by as much as 

15 percent. Third, the open ceiling system can be noisy. 
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Laboratories have a tendency to have high noise levels unless 

sound absorbing surfaces are provided. 

The open ceiling system lends itself well to a 

concrete structural system. Generally, with concrete it is 

easier to implement open ceilings because the structure 

provides an acceptable finished appearance and adequate 

fireproofing. The structure of the institution visited which 

uses an open ceiling system is of concrete. 

4.2.2.4.2 Closed Ceiling. A majority of the laboratories 

visited prefer the closed ceiling system and use the standard 

2 ft. x 4 ft. lay-in tiles. The advantages are many. First, 

finished surfaces minimize sources of dust collection and 

reduce the potential for contamination. Second, many find the 

"finished" appearance is more appealing aesthetically. Third, 

because the mechanical distribution system is concealed and is 

not visible, extra care need not be taken to provide aesthetic 

coherence in the installation of the utility systems; there

fore costs are less. Fourth, the acoustical tile ceiling 

provides a quieter laboratory. Fifth, closed ceilings create 

a smaller space which must be heated, cooled and ventilated. 

Disadvantages of the closed ceiling system are 

important to consider. First, finished ceilings require 

regular maintenance for appearances. Stains and spots 

typically appear. Second and perhaps most important is the 
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fact that since the utilities are not exposed, routine or 

preventative maintenance is less likely to take place (out of 

sight, out of mind). It is possible, therefore, for mechani

cal problems to be undetected for a long time. Also, regular 

mechanical engineering modifications are more costly and 

cumbersome with a drop ceiling. 

The closed system lends itself well to a steel 

structural system. Steel structural members require fire-

proofing. Since frequently used spray-on fireproofing around 

the beams generally requires covering by such methods as 

gypsum wall board for appearance and protection, a finished 

ceiling is usually more appropriate when the structural system 

is of steel. 

4.2.2.5 Laboratory Finishes 

Laboratory room finishes are an important design 

consideration and differ from finishes in other facilities in 

many respects. Key factors include durability, chemical 

resistance, abrasion resistance, smoothness (without joints) 

for ease of cleaning, imperviousness and nonabsorbency (to 

avoid the harboring of contaminants), safety, appearance and 

cost. 

4.2.2.5.1 Floors. In addition to the key factors mentioned 

above, other important considerations which are applicable to 
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floor finishes relate to the comfort of those spending much 

time standing, reduction of impact noise to the floor below, 

reduction of noise from above, and the fact that floors should 

not be slippery when wet. Various floor materials and 

finishes are available in the laboratory. Even though quality 

and cost of these materials vary, there appears to be no 

perfect or ideal material at this time. Some of the most 

frequently observed materials are mentioned below. Vinyl tile 

is one alternative. In the case of a chemical spill, tile(s) 

can easily be replaced. They are easily cleaned, the cost is 

moderate and they provide standing comfort. Another widely 

used alternative is sheet vinyl, where advantages include low 

cost and minimal seams. Some feel this is the best solution 

because the cost is lower and even though it does stain, so 

does everything else. The majority of the companies visited 

use sheet vinyl flooring. This is a good solution when a 

coved base is desired. Some use epoxy finish over the sheet 

vinyl. Another type of flooring finish used is seamless 

epoxy. This creates a very hard surface which is supposedly 

excellent for spills; however many disagree and find that it 

does stain from acid spills, especially nitric acid. Seamless 

epoxy is considered to be of higher quality than vinyl, yet 

many believe it is too expensive for general use. Seamless 

epoxy is preferred in such places as radioisotope rooms 

(iodination rooms), and in wet areas such as glasswashing 



167 

rooms. Where casework meets the flooring material, it is 

desirable to seal with silicon to prevent seepage below the 

base cabinets. This is especially important when laminates 

are used where water can delaminate the casework. An impor

tant note with all floor types is that since floor level 

variations of 1 to 2 in. for a 20 ft. span are common, a floor 

leveling compound is highly recommended. 

4.2.2.5.2 Walls. Many recommend the use of epoxy semi-gloss 

paint on the walls. This provides a clean, hard surface which 

can be cleaned easily. Some find, however, that it is 

difficult to patch. It is important to remember that the 

finish wall coat, the primer and the substrate must all be 

compatible with one another. 

4.2.2.5.3 Ceilings. As was discussed (see 4.2.2.4.1 Open 

Ceilings), open ceilings require additional finishing of the 

ceiling (unless concrete is used in the floor/ceiling struc

ture) and ductwork, since it is all visible. In the case of 

closed ceilings, some prefer suspended gypsum board which 

provides a nice finish but is not good acoustically. Others 

like acoustical tile since it can be pushed up to remove when 

one needs to gain access to the mechanical area above it. If 

a lay-in tile system is used, the 2 ft. x 4 ft. tile size is 

considered to be the most useful since access with this size 
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is easier than with larger tiles which can be very difficult 

to remove or than with smaller ones which prevent access. 

However, each time tiles are removed, generally they are 

stained. Payette Associates (1989) favors concealed spline 

tile ceiling for laboratories. A combination of direct and 

indirect lighting is highly recommended as are light ceiling 

colors and clean surfaces to promote good reflectance (see 

4.2.2.6 Laboratory Lighting). 

4.2.2.5.4 Doors. Doors, as discussed by Payette Associates 

(1989) , must be at least 3 ft. 6 in. in width to get equipment 

through the space; an alternative would be to use a 3 ft. door 

and a 1 ft. operating leaf. Some prefer wood doors, where 

they may be finished to match the casework. Others prefer 

hollow metal doors which may be painted various colors. 

4.2.2.5.5 Windows. Payette Associates (1989) explored issues 

to be addressed regarding laboratory windows. First, varia

tions include single-, double- or triple-pane windows. 

Payette recommends triple-pane glass, if available, and favors 

clear over black glass because it minimizes the barrier 

between the inside and the outside; use of clear glass does 

mean that some sun control such as recessing, light shelves 

and sun screens should be used. Use of thermal pane in a 

laboratory is more for sound than for thermal efficiency 
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since, typically, so much air is exchanged in the laboratory. 

Second, operable versus inoperable windows is another issue. 

Researchers favor operable windows, and engineers favor 

inoperable ones in order to maintain rigid environmental 

conditions. A good solution, is a compromise, where windows 

might be designed to open in an emergency or in the case of a 

mechanical breakdown, but not on a regular basis. Third, is 

window coverings. Whereas horizontal blinds were observed in 

many of the institutions, many prefer vertical blinds since 

there is not as great a dust build up, and since they provide 

a good maximum opening when shoved to the side; in one 

institution where used, the primary reason is in reducing or 

preventing glare. 

4.2.2.5.6 Labelina/Signage. Labeling and signage is impor

tant for life/safety and maintenance reasons. According to 

DiBerardinis et al. (1987, 263) labeling and signage should be 

used in laboratories for such purposes as (1) to identify 

exits, safety equipment and procedures, (2) to identify 

electrical (including circuits, amperage and voltage) , piping, 

plumbing and other facility equipment, and (3) to identify 

hazardous materials, equipment and special conditions. It is 

also important that graphics and signage provide directories 

and directions, identification of departments, Pis, teams, 
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room names and numbers. Color coding can be used to identify 

the services provided to the laboratory. 

4.2.2.5.7 Colors and Atmosphere. Colors are being more 

widely used in the laboratory. The traditional black bench 

top is slowly being replaced by colors and shades such as 

blue, white and gray, which are often found to provide a more 

interesting environment for the researcher. White counter 

tops, which reflect instead of absorb light, provide a much 

more adequate feeling of light. Generally walls and ceilings 

observed are white. Some believe the atmosphere must remain 

high tech but should also offer a humanistic feeling. In the 

older laboratories observed, traditional black counter tops 

are used. Newer laboratories appear to utilize a variety of 

colors mostly in the casework. 

4.2.2.6 Laboratory Lighting 

Adequate lighting in the laboratory is an important 

issue since many of the tasks performed there demand a high 

degree of accuracy. In some of the facilities visited, the 

lighting appears to be haphazard in design, more the result of 

existing conditions in the building; often fixtures are not 

changed when other laboratory arrangements are. In all of the 

buildings observed, direct lighting is used. Sometimes 

researchers add portable lights to their own work areas as 
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needed. The following discussion on lighting will be based on 

an excellent discussion and exploration of laboratory lighting 

conducted by Payette Associates (1989). 

4.2.2.6.1 Lighting Needs. There are various lighting needs 

which must be recognized when designing a laboratory. They 

present the necessity for a variety of solutions. First is 

the need in the laboratory to observe objects having low 

contrast; they may be distinguishable only by having a 

different refractive index. These tasks can be compared to 

sewing with black thread in low light. A laboratory example 

might be observing the meniscus of liquid in a narrow con

tainer. The lighting solution for tasks of low contrast is 

direct lighting of 75 to 100 footcandles (Payette Associates, 

1989). Second is the need to observe and manipulate three-

dimensional objects. Here lack of strong shadows and an 

environment which provides strong modeling of the surface are 

helpful. The lighting solution is a mix of direct and 

indirect lighting. Third, different visual tasks performed at 

different times bring about a need for flexibility in the 

laboratory. The lighting solution must allow for different 

needs and uses. Finally, with long hours of focussed work 

which are common in the laboratory, provision of natural light 

is very important. Vertical glazing allows the user views and 

contact with the outside and its changing light conditions. 
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A long distance view provides not only relaxation to the eye 

but, because of its directional nature, good modelling of 

three-dimensional objects as well. Finding additional ways to 

let natural light into buildings which are deep is worth 

investigation. Large, tall windows and the use of reflective 

surfaces at windows, ceilings, floors, counters and skylights 

can be helpful. In all of the facilities visited, with the 

exception of one, priority for laboratory placement is on the 

exterior perimeter of the building to provide natural light 

and views to the researchers in the laboratories. 

4.2.2.6.2 Lighting Recommendations. Some general lighting 

recommendations were offered by Payette Associates (1989). 

The varied lighting needs discussed in the previous section 

can be addressed through the combination of direct and 

indirect lighting in the laboratory. A pendant 

direct/indirect fixture is recommended for general laboratory 

work. This provides bright walls and ceilings which are 

important to the perception of brightness in the space; it 

also helps in modeling three-dimensional objects and assists 

in the perception of texture. Payette Associates (1989) 

believes the direct component of the fixture should, ideally, 

be controlled independently of the indirect. In addition, the 

perimeter or natural daylighted component should be controlled 

independently of the non-day lighted component or interior area 
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of the laboratory. The prismatic lens is often preferred in 

the laboratory. Payette goes on to say the direct component 

from the prismatic lens provides a smooth white plane for 

backlighting hand-held objects. However, because the prismat

ic lens is so bright, it can create irritating bright lines on 

computer screens; therefore, in computer intensive areas it is 

recommended that parabolic lighting be used. Recommended 

ratios between direct and indirect lighting in the laboratory 

vary depending on the circumstances. In some cases 85 percent 

down light (direct) and 15 percent up light (indirect) works 

well; in other cases 65 percent down light and 35 percent up 

light is a good solution. Sometimes lowering the ceiling at 

the aisle makes the laboratory area more fully lit as does the 

use of clean, light colored surfaces which provide good 

reflectance. Fluorescent tubes are typically used in the 

laboratory; Payette Associates (1989) currently recommends the 

T8/265 ma triphosphor fluorescent lamp for the best combina

tion of energy efficiency and color rendition in the laborato

ry. 

4.2.2.6.3 Fixture Layout Recommendations. Payette Associates 

(1989) discussed three fixture layouts for the laboratory. 

First, rows can be perpendicular to laboratory bench orienta

tion on around 8 ft. 0 in. centers. Depending on the fixture, 

different lighting environments may be developed along the 



174 

length of the bench. This is helpful in allowing the user to 

achieve variation in the light environment (Figure 17). A 

second layout suggested involves rows of fixtures parallel to 

the laboratory benches. Two rows can be located between the 

adjacent benches, and they can fit the laboratory module. 

Even though the fixture is above and behind the user, it is 

found that shadows are not a problem because of the length of 

the fixture and its uplight component (Figure 18). The third 

layout suggested is an alternate of the above method where 

only one fixture parallel to the laboratory benches is used 

between two benches (Figure 19). 

Other discussions of lighting are provided by Boyce 

(1984, 231-244), DiBerardinis et al. (1987, 50-52), Marshall 

(1990, 435-437), and Watson, Rowlands and Loe (1986, 92-103). 

4.2.2.7 Laboratory Services 

4.2.2.7.1 Overview. Services play a critical role in the 

operations which take place in the laboratory. Requirements 

are substantial, and demand complex and expensive systems. 

Various services must be supplied centrally and distributed to 

the researchers at the laboratory bench. The actual choice of 

these services is determined by the kind of work performed in 

the laboratory. Services are found in various combinations in 
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PENDANT DIRECT/INDIRECT, DIRECT, INDIRECT 
VARIATION: + 
COST: MEDIUM QUALITY 
RELATIVE FIXTURE QUANTITY" .8" 

Figure 17. Fixtures Perpendicular to Bench Orientation 

Source: after Payette Associates, 1989 

the laboratories and include natural gas, vacuum, compressed 

air, carbon dioxide, argon, nitrogen (in some cases liquid 

nitrogen), hot and cold water, deionized water, electricity 
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PENDANT DIRECT/INDIRECT, DIRECT, INDIRECT 
VARIATION: 0 
COST: HIGH QUALITY 
RELATIVE FIXTURE QUANTITY "1.0" 

Figure 18. Fixtures Parallel to Bench Orientation 

Source: after Payette Associates, 1989 

and others as needed. Heating, ventilating and air condition

ing (HVAC) systems for controlled environments are needed; 

inasmuch as this is such an important area, some major HVAC 

issues will be discussed in a separate section immediately 
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PENDANT DIRECT/INDIRECT, DIRECT, INDIRECT 
VARIATION: 0 
COST: LOW 
RELATIVE FIXTURE QUANTITY "0.5" 

Figure 19. Alternative Fixture Layout 

Source: after Payette Associates, 1989 

below. Safety devices such as the fume hood, one of the most 

important pieces of laboratory equipment, are needed. For a 

discussion of fume hoods see 5.1.1.4 Fume Hood, and 5.9.2 Use 

of Fume Hood in Energy Conservation. 
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Inasmuch as the engineering complexity is so great, 

the services constitute one of the major planning problems 

involved in designing a laboratory building. Not only the 

actual equipment, but the piping, wiring, ducting and cables 

can also take up a considerable amount of space; integration 

and effective management systems for all of these are needed. 

The services must provide for such features as safety, 

flexibility, functional needs and accessibility for mainte

nance and change. Extra capacities for future needs must be 

planned. Some important issues which concern laboratory 

services are discussed in separate sections of this study (in 

addition to fume hoods mentioned above, see 4.2.5.3 Service 

Distribution Systems, 4.3.8 Animal Facility Services. 5.1.1.6 

Air Management, 5.3.2 Provision of Services. 5.3.2.2 Intersti

tial Space, 5.5 OPERATIONAL/MAINTENANCE ISSUES and 5.9 ENERGY 

CONSERVATION ISSUES). There are many other important service 

requirements which must be addressed when designing a labora

tory building. This serves only as a starting point for 

further study. 

4.2.2.7.2 Heating Ventilating and Air Conditioning (HVAC1 

Issues. Since the heating, ventilating and air conditioning 

(HVAC) system is such a high user of energy in the laboratory 

building, some important and relevant issues will be mentioned 

below. Many of these are based on a lecture given by Eugene 
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Bard at the Harvard Seminar on Biotechnology Research Labora

tory Design (1989). 

First, HVAC is a rapidly developing field. State of 

the art systems have changed drastically in the last five to 

ten years and will continue to change rapidly in the future. 

Current developments must be understood by the designer. 

Second, safety is an issue of great concern. Air 

quality, flow and pressure must always serve to protect the 

worker, the environment and the product (see 5.1 SAFETY 

ISSUES). 

Third, laboratories are energy intensive and a 

significant part of the operating cost is energy related. 

Energy conservation concerns are a high priority but their 

importance is generally placed below that of safety issues 

(see 5.9 ENERGY CONSERVATION ISSUES). Concerning costs in 

general, both first cost and energy cost must be weighed. 

Greater first cost can achieve lower cost later. Many find 

this is especially important when considering the use of the 

interstitial floor system (see 5.3.2.2 Interstitial Space). 

Fourth, HVAC systems use a great amount of space. 

Floor-to-floor heights must be sufficient in order to accommo

date the use of many systems. Bard (1989) considers a 15 ft. 

floor-to-floor height to be realistic for a concrete structure 

and 17 ft. to be realistic for a steel structure. It must 

always be remembered that chases require a great amount of 
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space and that ductwork is considered to be much more diffi

cult to place in a building than anything else. These issues 

must be addressed, and adequate space for the HVAC system, 

which is often insufficient, must be provided. 

Fifth is a code issue. Bard pointed out the fact 

that whereas all states adopt the National Electric Code and 

other codes (such as for structural and plumbing systems), 

there is no code for HVAC. Even though some guidelines do 

exist, without an HVAC code, identification and detection of 

mistakes is more difficult. Also, important issues and 

information are often not addressed (such as how many air 

changes per hour there actually must be). 

Sixth is temperature and humidity control. According 

to DiBerardinis et al. (1987, 41) regulation of temperature in 

most laboratory buildings of +3 degrees F is acceptable. 

Laboratory temperatures vary, but are generally around 

72 degrees F ±3 degrees; relative humidity is usually in the 

order of 35 percent in the winter and 50 percent in the summer 

(Lyons, Atkinson and Kasica, 1990, 392). It is recommended 

that each laboratory have individual temperature control. 

Seventh, the potential and substantial loads which 

can occur in the laboratory and which place an extra burden on 

the HVAC system must be studied. Heat sources within the 

building, such as lighting, equipment and personnel, can 

decrease the winter heating load but increase the summer 
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cooling load. In some laboratories the heat generated by 

these sources can be greater than the summertime gains from 

the sun and conduction through the building's structure; in 

these cases year-round cooling capability may be required 

(DiBerardinis et al., 1987, 216). 

Eighth is air changes. More air must be put into the 

laboratory than into most other types of rooms. Four air 

changes per hour, according to Bard (1989), is the lowest 

possible number. Ten or twelve air changes per hour are 

predominant figures; sometimes many more are required. Most 

biotechnology laboratories use 100 percent outside air and do 

not use recirculated air. Sometimes a practice of using 

80 percent outside air and 20 percent recirculated air is 

satisfactory (for example in operating rooms). Perforated 

supply ducts are very good for low velocity air distribution, 

because they do not cause turbulence in the laboratory and do 

not gather dust on top (low velocity, low dirt, low fuss). 

Ninth, Bard mentioned the importance of proper air 

pressure. He recommends that the laboratory facility have 

positive air pressure with respect to the outside; it is not 

desirable to bring outside air into the building, especially 

in rainy weather (for the safety of the product) . The 

laboratory should have negative pressure with respect to the 

rest of the building. The air should be contained in the 

laboratory and not leak into the rest of the building yet the 
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air from the offices and halls can go into the laboratory 

(Figure 20). 

LABORATORY OFFICE LABORATORY 
AND 
HALL 

- + ++ + -

Figure 20. Laboratory Air Pressure 

Finally, the location of chases and utility spines is 

very important. Ideally, they should not be placed at the 

core of the building, but it is desirable that the chases be 

spaced so there can be room for flexibility. It is a good 

idea for the chases to be located inside closets so the 

equipment can be maintained easily. Ideally, if money were no 

object, every chase would have a door; in this way all pipes 

can be checked easily. 

4.2.2.7.3 Electrical Issues. The laboratory is a high user 

of electricity. There is, however, a great disparity in the 

power needs between one laboratory and another. Some equip

ment runs 24 hours a day, such as centrifuges, incubators and 

refrigerators, and other equipment is used sporadically. Even 

though figures vary according to specific situations, connec
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tion loads for laboratory buildings can be around 30 watts 

±/sf. This might include a range of 2 to 3 watts/sf for 

lighting, 10 to 15 watts/sf for power and 15 watts ±/sf for 

mechanical equipment. These figures, however, are not 

intended for design purposes but to identify the nominal level 

of power use. Except where electrical loads are unusually 

heavy, "approximately 80 percent of laboratory space can be 

served from the 120/208 volt system, and the remainder, from 

the 277/480 volt system (Loring and Goodman, 1986, 73)." 

4.2.2.8 Vibration and Stability 

Payette Associates (1989) discussed vibration and 

stability, which are important issues to consider when 

designing a laboratory building. Many instruments and pieces 

of laboratory equipment, especially microscopes, do not 

perform as they should when subjected to vibration. The 

architect must be aware of unusual floor loading conditions 

and roof loading conditions as well as sources of vibration. 

Vibration sources can consist of distant traffic (5 Hertz), 

nearby traffic (12.5 to 16 Hertz), machines and equipment, 

turbulent flow in pipes, air changes and people walking. Some 

laboratory benches can amplify floor vibration up to 10 times 

(20 dB) depending on the bench rigidity; isolation tables can 

attenuate vibration by 3 to 30 times (Payette Associates, 

1989). The structural solution recommended by Payette 
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Associates (1989) is high structural stiffness combined with 

high resonance frequency of floor structure; mechanical 

systems should be designed with vibration isolation devices 

and equipment should reflect good distribution and layout. 

4.2.3 Laboratory Support Spaces 

4.2.3.1 Overview 

Laboratories require spaces which support specific 

laboratory operations. The types of spaces needed vary widely 

according to the nature of the activities and their needs. 

Laboratory support space can be dedicated, shared, or 

common, centralized space. Dedicated laboratory support 

includes specialty assigned support spaces which are allocated 

to a specific laboratory or project team. Shared laboratory 

support refers to such spaces as equipment/instrument areas, 

environmental rooms and cold rooms. Sometimes these laborato

ry support functions are repeated on each floor or in certain 

wings of the laboratory building and shared by many research

ers on that floor. Or, common laboratory support spaces can 

be centralized areas which include such spaces as glassware 

wash, media preparation and chemical storage. If a completely 

centralized support space is provided, it might support the 

entire laboratory facility. 
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Usually the laboratory support spaces in a facility 

are a combination of these types. Sometimes certain support 

spaces are dedicated to a specific laboratory, while other 

shared laboratory support functions are repeated on each floor 

or in certain wings, while still others are provided only once 

in the institution and are completely centralized. For 

example, a biotechnology facility might, in addition to having 

some laboratory support spaces which are dedicated to certain 

laboratories, provide cold rooms (to be shared) on each floor 

of the laboratory building and only one centralized glassware 

wash support space for the use of all of the laboratories. 

Even though it is often more economical to provide a central

ized laboratory support area only once in a facility rather 

than to duplicate it for each department or laboratory group, 

the continuing costs of administering centralized services can 

be a factor and must be taken into account. Before it is 

possible to determine the number and type of support spaces 

which are necessary, the needs of the institution must be 

analyzed and possible solutions carefully considered. 

The organization and spatial arrangement of laborato

ry support space varies among institutions. Generally, shared 

laboratory support space was observed in the facilities 

visited at the core of the building with the laboratories at 

the perimeter. This system provides outside awareness for 

those in the laboratories and encourages interaction among 
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researchers. Other schemes, however, are observed, a common 

one being that of placing support spaces adjacent to the 

laboratories so the project team is clustered in terms of 

laboratories and dedicated support. 

4.2.3.2 Laboratory Support Space Norms 

The amount of space allocated for laboratory support 

space varies as well. Payette Associates (1989) recommends a 

general standard ratio of laboratory to laboratory support as 

a 2:1 ratio. Some of the companies visited have different 

opinions. One company uses, as a general standard, a ratio of 

1:1 of laboratory to laboratory support space for the basic 

research laboratory (such as bioscience, general chemistry and 

organic chemistry laboratories) and a 2:1 ratio of laboratory 

to laboratory support for the quality control laboratories. 

The difference of these ratios may be academic, however, since 

in some cases what is placed in the support space can, in 

other instances, be placed in the laboratory. 

4.2.3.3 Laboratory Support Space Types 

Some of the types of laboratory support space which 

were observed in the companies/institutions visited (and which 

are also discussed in the literature) will be mentioned below. 
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4.2.3.3.1 Glassware Wash. There is a growing trend away from 

glasswashing in the laboratory toward the more common use of 

specialized rooms where glassware is washed, dried, steril

ized, wrapped and sealed. There is not a prototypical design 

for glassware wash rooms but they range from the very small 

ones where only a few laboratories are supported, to a very 

large scale where a centralized glasswashing facility is 

intended to serve all of the laboratories in the company. In 

the largest facility observed, centralized glassware wash 

space is about 35 ft. x 80 ft.; deliveries and transfers to 

laboratories within the company are made by truck since 

laboratories are located in different buildings. With 

centralization, larger glassware storage capabilities are 

required but fewer autoclaves are necessary. A "tunnel type11 

of continuous washer was observed in this large facility which 

is reminiscent of restaurant dishwashing functions; this 

contrasts greatly with the handwashing observed in the 

smallest glassware wash facility visited. 

Certain attributes of all the glassware wash areas 

are typical regardless of their size. Dirty and clean 

designations are carefully observed in the room as the 

incoming glassware proceeds from the dirty area to the washing 

area to the clean area. The room has smooth cleanable 

surfaces such as epoxy finish on the walls, ceiling and 

floors. Floors have a nonslip surface since they are often 
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wet. Prismatic light fixtures are used because there is less 

dust associated with them. Vertical blinds were observed as 

window covers and appear to be preferred since they do not 

collect dust. One firm expressed a preference for no windows 

at all in the glassware wash area favoring washable walls. 

Other firms use windows but prefer that they be sealed shut in 

this area. 

4.2.3.3.2 Media Preparation. Here experimental work is 

performed which involves growing cultures and preparing 

artificial media on which to grow them. Glassware and media 

must be sterile, linking glassware and sterilization closely 

to media preparation. Media preparation can be described as 

a "cooking process." A bench serviced with water, gas and 

electricity is necessary. High quality water is required. 

Autoclaves are used for sterilizing and incubators for drying 

the media. An automatic filler, and space to accommodate it, 

may be necessary if the media is liquid and to be put into 

tubes. It is essential to have adequate local storage for 

ingredients, chemicals and glassware; space must be provided 

for tubes, flasks, dishes and bottles for before and after 

they have been filled with media (Nuffield, 1961, 67). 

4.2.3.3.3 Tissue Culture. Tissue culture rooms are commonly 

observed in the biotechnology facility (Figure 21). The 
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Figure 21. Tissue Culture Room 

Source: after Payette Associates, 1989 

tissue culture room is used for the express purpose of 

cultivation of mammalian or other eukaryotic cells. Here 

tissue or an aggregate of cells is grown in a culture medium 

outside the organism. Varying degrees of precautions against 

contamination by bacteria and yeast are required depending on 

the scale of the operation. Generally the tissue culture room 
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has a more rigid environment. It must have easily cleanable 

surfaces (floors, ceiling and walls) . An air lock entrance is 

sometimes desirable. Often work is performed under sterile 

hoods (laminar flow). Incubators are used for growing 

cultures. If infectious materials such as AIDS or cancer are 

used, more stringent biohazard conditions are required. 

4.2.3.3.4 DNA Sequencing Laboratory. Here the ultimate 

protein sequence (gene) is determined, and it is compared with 

other known sequences in the data base. One of the companies 

which was visited described this operation as a core technolo

gy of the whole biotechnology research operation. 

4.2.3.3.5 Equipment/Instrument Areas. Much space is needed 

for the growing use of equipment and instruments in the 

biotechnology laboratory and laboratory support areas. Rooms 

dedicated to these needs are common (Figure 22). Here such 

large items as centrifuges and freezers can be shared among 

researchers. To accommodate heavy use of electricity, a panel 

about 4 ft. high is often observed extending around the 

equipment room with electrical outlets spaced at frequent 

intervals. ^ 

Problems of not having enough space for equipment and 

instruments is common and, because of this, equipment often 

ends up in the corridors. One company representative 
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Figure 22. Equipment/Instrument Room 

Source: after Payette Associates, 1989 
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suggested a possible solution of having large open corridors 

with alcoves "built" for equipment; this would result in a 

more open type of equipment support space, and a very acces

sible one. 

4.2.3.3.6 Other Types of Laboratory Support Space. There are 

many other types of laboratory support space. Some of these 

include the radioisotope room (iodination room), cold 

room/warm room (Figure 23), constant temperature room (Fig

ure 24), controlled environment room, mass spectrometer room, 

dark room (Figure 25), photo processing room, computer room, 

centrifuge room, transfer room, containment or biosafety room, 

clean room, balance/procedure room (Figure 26) membrane ultra

filtration room, histology room, characterization room, dis

tribution room, and storage areas such as those needed for 

chemicals, flammables and combustibles, compressed gas 

cylinders (Figure 27), solvent waste (Figure 28), and hazard

ous waste. There are many others as well. 

4.2.4 Scientific Offices 

Even though the laboratory is the scientist's working 

base and most of his or her time is spent there, a consider

able amount of his or her time is also spent reading, writing 

and thinking which warrants the need of a permanent, private 

place for these activities (office space). Some regard this 
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as a place for retreat where scientists can withdraw to be 

alone with their thoughts. A study conducted by the Nuffield 

Foundation illustrates the time spent by the "Principal 

Scientific Officer," or the principal investigator (PI), in 

reading and writing (excluding notes taken during actual 

experiments); time spent by those working below the PI was 

studied as well (1961, 57-58). The general conclusion of the 

study was that scientists spend between one-quarter and one-

half of their working time in reading or writing, most of them 

/ 
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spending one-third of their time in this manner; time spent by 

assistants in this way, while still considerable, is much less 

(Table 3). 

4.2.4.1 Office Location 

Even though it is generally agreed that the scientif

ic office should have a measure of privacy and quiet, there is 

difference of opinion as to the office location. Some want 

the office near the laboratory and others think it should be 

remote from the laboratory. As pointed out by one of the 
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Table 3. Percentage of Time Spent Reading and Writing 

Staff grade 

Percentage of total 
Total no. of working time spent in 
observations reading and writing 

Scientific Officers 
(Pi's) 

Experimental Officers 
Assistants 

4,166 
3,219 
3,258 

33.92% 
18.67% 
12.34% 

Source: after Nuffield, 1961, 58 

firms visited, office location appears to relate more to the 

style of management preferred by the particular PI. Pis who 

favor the office near the laboratory want "hands on" and to 

closely and frequently interrelate with the researchers in the 

laboratory. They desire a strong link between the laboratory 

and the office. Generally, it appears that this is the 

preference demonstrated by most of the companies visited. 

However, there are some disadvantages when the research 

department becomes very large because the link between the Pis 

of different departments (which is also very important) is 

weakened. On the other hand, some Pis prefer offices away 

from the laboratories so they can be more remote. They 

believe this gives the people working under them more freedom. 

At one institution visited where offices are remote, they are 

highly coveted for their privacy, large size and beautiful 

views; only the senior scientists are able to have one of 
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these offices. Yet, these same scientists generally also have 

offices adjacent to the laboratory where they can supervise 

the work conducted there and be in close contact with work in 

progress in the laboratory. When asked what the preference 

would be if only one office were provided in this institution, 

it was pointed out that the office adjacent to the laboratory 

is a necessity and could not be eliminated; the other (seclud

ed) office is highly desired but not a necessity. It is 

important when planning offices to determine which location is 

appropriate for the circumstances. There is a general 

preference, among the companies visited, to have the office 

located near the laboratory. 

There is also difference of opinion regarding 

placement of the office in relation to the building envelope. 

There appears to be a general preference for placing the 

laboratories on the perimeter with windows and good views and 

placing the offices interiorly with no views. One company 

specifically mentioned that this encourages scientists to 

spend more time in the laboratories (where, it is maintained, 

their work will be more productive) and less in their offices. 

Another company philosophy is in reverse; here preference for 

offices is on the perimeter of the building so they may have 

windows and views and for the laboratories within the building 

with no windows. This firm believes that psychologically the 

window does more for a person near his or her desk than it 
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does near the laboratory bench, and also that this practice 

frees wall space for laboratory use. The others fall in a 

range between the two extremes with general preference being 

for the laboratory to have the windows. In some companies 

laboratories and offices are both on the perimeter where they 

can have views which seems to be ideal where possible. 

It is important to note that the floor space in the 

laboratory area is very expensive and can cost around twice as 

much as floor space in a wing devoted entirely to offices 

(Nuffield, 1961, 58) . A compromise might be to plan a very 

small office or cubicle directly adjoining the laboratory, 

which would be especially useful to medium level scientists 

(Nuffield, 1961, 58) . Here a desk, books and a space for them 

to talk in privacy with one or two others might fit into a 50 

sf space (Figure 29). 

In many of the companies/institutions visited, desk 

space for laboratory personnel is provided in the laboratory 

itself. This offers no privacy for reading and writing and 

results in a larger laboratory, yet it does provide writing 

space in the laboratory. It was generally observed as being 

added to the bench space, adding four to five feet length to 

the laboratory. One of the companies observed does not want 

desks in laboratories but instead wants to encourage scien

tists to go to offices for writing research papers. 
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In addition to the working scientist, the more senior 

staff member, who spends almost all of his or her time in 

administration, needs office accommodation. Here close 

association between office and laboratory is less important 

yet the space required for the office, where a greater 

percentage of the work day is spent, is more important. This 

could be located as a separate room off a corridor or in a 

separate wing (Nuffield, 1961, 58). 

4.2.4.2 Office Space Norms 

The size range of offices varies in the institutions 

visited. The general range is between 360 sf (18 ft. x 

20 ft.) and 64 sf (8 ft. x 8 ft.) per office or cubicle. In 

the institution with the 360 sf offices, some are shared by 

choice and some are private. Other commonly observed office 

sizes are 100 sf (10 ft. x 10 ft.), 108 sf (9 ft. x 12 ft.) 

(Figure 30), 120 sf (10 ft. x 12 ft.), 130 sf (10 ft. x 

13 ft.), and 156 sf (12 ft. x 13 ft.). According to Payette 

Associates, the general office size is 120 sf/researcher (this 

would be an office for a principal investigator; the junior 

investigator may have an office of 100 sf) , and the minimum is 

90 sf. One of the companies visited has an office space 

standard of 100 sf per person for general chemistry and 

general biochemistry researchers and 150 to 200 sf per person 

for organic chemists. 



204 

SHELVING _ 

CREDENZA W/ FILES BELOW 

CHALKBOARD 

PLAN 

SHELVING 

CREDENZA W/FILES BELOW 

CHALKBOARD 

DESK 

OFFICE 9'x12' 

PLAN 1/4"= 1-0" 

Figure 30. Typical Scientific Office 

Source: after Payette Associates, 1989 

4.2.5 Laboratory Building Configurations 

4.2.5.1 Floor Organization 

Laboratory floor organization varies between 

companies/institutions. As mentioned previously, it is often 

important that the architect try to design the laboratory 

floor as repetitive and modular (see 4.2.2.1 Laboratory 

Module). Ideally, the laboratory module width is similar to 
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that of the support spaces. Generally, the more standardized 

the sizes of the spaces can be, the better the plan. 

The typical laboratory floor consists of some 

fundamental components, which have been discussed by Payette 

Associates (1989) . Some of these (some or all of which may be 

used in the design) are discussed below. First are the 

laboratory modules or units (see 4.2.2.1 Laboratory Module). 

Second are the laboratory support spaces (see 4.2.3 Laboratory 

Support Spaces), which can be dedicated, shared, and/or 

common. Third are the offices such as those for the principal 

investigators and secretaries, as well as rooms for such 

equipment as copy machines. Next are the other general 

support spaces. These include informal meeting spaces, such 

as conference or seminar rooms and break rooms. Finally, 

building support spaces must be considered. Spaces for 

circulation, such.as corridors, stairs and elevators tie the 

floor together. Mechanical spaces are needed for 

supply/return air shafts, fume hoods, general exhaust shafts, 

electrical closets, data and communication closets and 

plumbing chases. In addition, there is space which is taken 

up by the structure and the walls. 

Payette Associates (1989) explored the decision

making process which is implicit in the design of a research 

laboratory building. First the size of the floor plate must 

be considered; it is contingent upon such factors as site 
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influences, zoning regulations, budget, configuration, image, 

growth, possible connections to adjacent buildings, and 

existing constraints (for addition or renovation). Next, the 

number of floors and vertical circulation requirements must be 

examined. Third, the given floor size must be analyzed and a 

method of approach explored as to such factors as the disci

pline or disciplines per floor (one or many) and the mix of 

teams. Fourth, the desirable laboratory module must be 

decided upon. Such matters as the size of the research teams, 

flexibility for reassignment, and laboratories which are open, 

private and/or a combination must be investigated. Fifth, the 

location of the principal investigators' offices must be 

considered. Decisions as to whether the offices will be in 

the laboratory, adjacent to the laboratory, isolated from the 

laboratory or clustered must be made. Sixth, options for 

corridors must be considered. Will the corridors be single, 

double, public/private, service or will there be no interior 

corridors at all? Finally, other factors must be weighed as 

well, such as natural light, zoning, hard versus soft space, 

expansibility, interaction both on the floors and between the 

floors and the relationship to outdoors. Payette Associates 

finds, as a general note, that a floor size of 20 to 25 

researchers is a good number because it provides a feeling of 

community; it is believed that this number relates positively 

to the sociology as related to the floor plate (1989). 
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An important factor in the floor organization of the 

laboratory building relates to exterior versus interior 

placement of the laboratories. Generally, the companies 

visited showed a marked preference for laboratories to be on 

the exterior of the building in order to provide outside 

awareness for the researchers. One company particularly 

emphasized two schemes. The first is the perimeter laboratory 

scheme (Figure 31) which can be widely observed in other 

institutions as well; here the laboratories are on the 

exterior of the building and the support space is in the 

interior core of the building. Another scheme this company 

believes has some strong merit is a modification of the 

service corridor scheme where laboratories are backed up 

against a service corridor, and offices are on the building's 

perimeter (Figure 32) . Here glass window walls for both sides 

of the offices and for at least one side of the laboratories 

enable both the offices and the laboratories to provide 

outside awareness to those using the spaces; yet sometimes 

laboratory personnel feel like they are in a fishbowl since 

visitors can peer into the laboratories. 

4.2.5.2 Vertical Organization 

In one of the companies visited there was discussion 

regarding a promising vertical arrangement for the laboratory 



208 

WINDOWS 

LABS 

CORRIDOR 

SUPPORTSPACE 

CORRIDOR 

LABS 

WINDOWS 
PLAN 

Figure 31. Perimeter Laboratory Scheme 

T 

SUPPORT 

* 

..=£• 

^GLASS ^ OFFICES (SAFE ZONE) 

~T" 
•71 

PERSONNEL CORRIDOR 

SERVICE CORRIDOR 

PERSONNEL CORRIDOR 

I  M  M  I  I  I  I T T  

PLAN 
^GLASS '^OFFICES (SAFE ZONE) 

LABORATORIES 

SUPPORT 

LABORATORIES 

Figure 32. Service Corridor Scheme 



209 

building (as it relates to the three-story building which is 

commonly found in California). It reflects current thinking 

as to what constitutes a good vertical arrangement for a 

laboratory research building. 

The first floor comprises the animal facility and is 

placed underground (see 4.3.3 Animal Facility Location). An 

underground location is preferred for many reasons. The 

animals are less conspicuous and they are secure. Since the 

animals do not need outside exposure, precise environmental 

control systems are easier to maintain. Even though the 

animals are separated from the research laboratories, they are 

still easily accessible for researchers who are in the same 

building. A 12 to 14 ft. interstitial space above the animal 

rooms is considered a critically important space for the heavy 

mechanical requirements common in animal facilities, and 

actual room heights for the animals of 9 ft. bring the total 

floor-to-floor height for the animal facility to 21 to 23 ft. 

The second floor is placed at ground level. This 

accommodates all the bioscience laboratories or general 

research laboratories. The size of the interstitial spaces is 

not as critical for these laboratories since they have the 

lightest requirements. A 9 ft. floor-to-ceiling height and a 

6 to 8 ft. interstitial space for mechanical needs brings the 

total floor-to-floor height for the bioscience laboratories 

(plus interstitial) to 15 to 17 ft. 



210 

On the third floor are the organic chemistry labora

tories. It is ideal for organic chemistry laboratories to be 

located closest to the roof because of intensity of exhaust. 

The general chemistry laboratories (see 4.2.2.2.1 Observation 

of Laboratory Types. for distinctions between general and 

organic chemistry laboratories) can be placed either on this 

floor with the organic laboratories, or on the second floor 

with the bioscience laboratories, depending on how they are 

used. An ideal total floor-to-floor height for the organic 

chemistry laboratories is 15 to 17 ft. which includes 9 ft. 

for the actual laboratory height and 6 to 8 ft. for the 

interstitial mechanical space. A section of the building 

prototype described is illustrated below (Figure 33). 
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4.2.5.3 Service Distribution Systems 

The distribution of services strongly influences both 

the horizontal and vertical layout of the laboratory building. 

In addition, organization of these systems can dictate the 

operational and economic success of the facility. The number, 

size and type of fume hoods are thought by many to have the 

greatest impact on a building, since the hoods can affect the 

design of air distribution systems, shafts and ceiling space, 

which in turn are determinants for the height and overall 

configuration of the facility (Lyons, Atkinson, Kasica, 1990, 

394) . Details regarding service distribution are provided by 

Ruys (1990, 380-386) whose examination serves as a basis for 

the following discussion. 

First, the use of interstitial floors results in an 

accessible space above the ceiling plane for a horizontal 

distribution of systems. The services drop vertically from 

this space into the laboratory where they connect to the 

benches and equipment; vertical shafts (located either at the 

perimeter of the building or in a central core) connect the 

services in the interstitial space with the rest of the 

building. Structural members can be placed where they relate 

favorably to the laboratory module. Advantages include an 

exceedingly adaptable space through an unobstructed floor 

plan, minimum disruption in the laboratory for maintenance and 

alterations and the fact that the services are available from 
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above or below at any point in the planning module. Disadvan

tages include the facts that the interstitial space adds to 

the ceiling height and to the gross space of the building, 

requires additional structures such as for floor access and 

may require additional sprinkling of the interstitial cavity, 

all of which add up to the fact that this system is more 

expensive; it can add 6 to 20 percent to the cost of the 

building (Figures 34 and 35) (Ruys, 1990, 385). 

Second, the laboratories may back up against a 

service corridor where horizontal ducting and pipes are 

located. The laboratories are serviced either through the 

ceiling space or through the walls. Vertical shaft spaces are 

required as well. Advantages include continual access for 

maintenance directly through the service space instead of 

through the laboratory, easily accessible shut-off valves and 

electric panels, and the fact that the service corridor could 

house shared or moist or heat-producing laboratory equipment 

such as pumps and transformers. Disadvantages are that the 

service corridor affects the net to gross ratios negatively, 

and the service corridor places constraints on communication 

between laboratories and on future laboratory expansion 

(Figures 36 and 37) (Ruys, 1990, 385). 

Third, ceiling and shaft distribution can be accommo

dated by ducts, pipes and conduits which rise or drop verti

cally through the building and branch horizontally into ceil-
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ing spaces for distribution. Systems feed down to the work 

level or up to required location, as in the case of 

drainlines. The major advantage is that it is an economical 

system. Disadvantages include the requirement of a larger 

ceiling space and the fact that access is often through 

suspended ceilings (Figure 38) (Ruys, 1990, 383). 

Fourth, the use of multiple interior corridor utility 

shafts is a vertical distribution system where ducts, pipes 

and conduits rise or drop vertically in smaller, individual 

shafts. The horizontal distribution is either in a much 

smaller ceiling area or, for piping, directly from the shaft 

to the bench. Advantages include ready access for service 

without entering the laboratory, spaces between the shafts can 

create areas into which the laboratory doors can swing 

(Figure 39), expansive window area is possible on exterior 

wall, shorter horizontal runs result in smaller pipes and 

ducts, access to shut-off valves is below eye level, and lower 

floor-to-floor heights are possible because of smaller ducts 

and pipes. Disadvantages are that the multiple shafts can 

cause many obstructions and reduce flexibility, difficulty in 

making future additions to the ducts and the fact that 

multiple shafts increase the net to gross ratio negatively 

(Figure 40) (Ruys, 1990, 384). 

Fifth, the use of multiple exterior utility shafts is 

also a vertical distribution system similar to the previously 
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mentioned system except the shafts are located on the exterior 

of the building. Advantages are many. There is greater 

freedom in the laboratory space and more flexibility for 

future changes, the exterior shafts can be used as sunscreens, 

advantage is taken of recommended fume hood location, shorter 

horizontal runs result in smaller pipes and ducts, access to 

shut off valves is below eye level, and lower floor-to-floor 

height is possible because of smaller ducts and pipes. 

Disadvantages are that the multiple shafts increase the net to 

gross ratio negatively, shafts are accessible only from the 

laboratory and the window area can be restricted (Figure 41) 

(Ruys, 1990, 384). 

SHAFT 

LABORATORY 

CORRIDOR 

LABORATORY 

SHAFT 

Figure 41. Multiple Exterior Utility Shafts 

Source: after Ruys, 1990, 384 

PLAN 



218 

4.3 ANIMAL RESEARCH AND TESTING 

Provisions for housing animals are necessary as part 

of the research function of the biotechnology company as well 

as to accommodate preclinical testing operations (unless they 

are done off site) which are required by the Food and Drug 

Administration before the potential product can be tested on 

humans. In recent years, the use of animals in scientific 

research and testing activities has fallen under intense 

criticism by many groups, including animal rights activists. 

This has resulted in more stringent regulations covering all 

aspects of animal care, research and testing. As pointed out 

by DiBerardinis et al. (1987, 175), it is of great importance 

that facilities intended for animal housing and research be 

designed to meet the highest foreseeable standards. It is 

imperative that veterinarians and scientists experienced in 

animal research be consulted when designing these facilities. 

4.3.1 Animal Facility Regulatory Issues 

Animal research and testing facilities are regulated 

by standards which govern the humane handling, care and 

treatment of animals. The United States Department of 

Agriculture (USDA) is the primary regulatory body which is 

concerned with the use of animals under the Animal Welfare 

Act. The USDA inspects animal facilities annually and 

sometimes semiannually. The Public Health Service (PHS) has 
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a policy for the well-being of animals for all public health 

service grants and contracts. The American Association of 

Accreditation for Laboratory Animal Care (AAALAC) is a private 

peer review organization that inspects and accredits animal 

facilities. AAALAC accreditation assures that all of the NIH 

guidelines have been met. The Institutional Animal Care and 

Use Committee (IACUC), appointed by the Chief Executive 

Officer of the research facility, assesses the research 

facility's animal program, facilities and procedures. 

4.3.2 On-site versus Off-site Animal Operations 

Philosophies and economics dictate different practic

es among the biotechnology companies regarding the on-site 

and/or off-site use of animals. It is generally more economi

cally feasible for the young company to have the animal work 

done off site, especially at first, than to build an animal 

facility, because of the expense required to meet AAALAC 

standards. Often companies make it a practice to contract and 

utilize outside services until economics are such that they 

can afford to perform these functions on site by building an 

on-site facility. Some favor having animals off site for 

other reasons, such as the fact that it presents fewer 

problems with animal rights activists. However, if the young 

company is able to afford it financially, the logical and 

ideal time in its development, as mentioned earlier, is to add 
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the animal facility after the research operations have been 

firmly established (see 3.5.1 Stacte One: Start-up). Scien

tists in the firms visited generally favor having the animal 

research done on site. They feel that in this way they have 

much better control over the research which takes place. 

The use of animals in the biotechnology 

companies/institutions visited varies. Most firms have 

animals on site. Generally these are small animals (rodents) 

such as mice, rats, and rabbits. Some of the companies 

visited use on-site animals for research purposes but have all 

of the preclinical testing operations done by outside sources. 

Or, others use only smaller animals for research and testing 

on site and contract the work with larger animals, such as 

primates, to another company. One of the companies visited 

has no animals whatsoever on site but uses various firms to 

perform functions requiring animals; in this case, a nearby 

local firm performs preclinical toxicology studies, another 

company provides other animal services, and yet another source 

performs work on larger animals for this biotechnology 

company. 

4.3.3 Animal Facility Location 

An important consideration in the design of the 

animal facility is its location relative to the rest of the 

biotechnology facility. Ideally, it should be isolated from 
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the rest of the facility. In the companies visited this was 

achieved either by having the animal facility in a separate 

building, in a separate wing or in a distinctly separate 

section; such practices as the use of air locks and main

tenance of negative pressure in the animal area relative to 

connecting corridors and adjacent rooms is advisable in 

preventing the spread of infection and odors. Entries must be 

separate as well. The animal loading dock must be separate 

from the human entry to the building. 

Whereas animal facility locations differ in each 

company, an excellent solution observed is its placement 

underground (see 4.2.5.2 Vertical Organization) . This appears 

to be advantageous for many reasons. First, animals do not 

need outside exposure. Even though windows in the animal 

facility are a debatable issue, it is highly recommended by 

the institutions visited that the animal rooms be windowless 

(see 4.3.5.4 Doors and Windows). Second, since animal 

facilities are much less conspicuous underground, the company 

is able to carry on animal research and testing functions 

without worrying so much about security problems which have 

become a major issue as animal rights activists become more 

vocal. Third, as pointed out by Payette Associates (1989), in 

a high rise building it is easier to deliver the air down to 

a lower portion of the building than it is to deal with waste 

and debris in the upper stories. Materials handling often 



222 

wins over mechanical and a logical placement for the animal 

facility is often on a lower level. 

4.3.4 Animal Facility Layout 

The actual layout of the plan of the animal facility 

is a critical issue. Although not always the case, ideally 

the animal facility has designated "clean" and "dirty" areas. 

These areas are defined by the administrators and differ in 

different animal facilities depending on the needs in each 

particular case. According to Inglis, who provides excellent 

background information on the laboratory animal and animal 

facilities, clean areas include such spaces as animal rooms, 

storage (of food, bedding, clean cages and equipment) and 

corridors (clean side); dirty areas include cleaning rooms, 

storage (of soiled cages, equipment, chemicals, bulk food and 

bedding), engineers' rooms, administration areas, locker 

rooms, and corridors (dirty side) (1980, 10-11). 

As mentioned by Inglis (1980, 11-12), the functional 

areas of the animal facility are linked with corridors where 

wheeled vehicles carry large and awkwardly-shaped objects. 

Therefore the design should promote efficient movement of 

these materials and of various necessary routines. Stairs or 

steps should be avoided. The planning of corridors should 

explore such considerations as rooms which have the greatest 

needs for communication, volumes of traffic between rooms, and 
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the actual objects which must be transported (Inglis, 

1980, 11-12). 

Most importantly, the planning of the circulation 

systems should take into account the clean/dirty designations 

mentioned above. Not only is the provision of designated 

clean and dirty areas recommended, but the traffic between 

these two areas should always be from clean to dirty. Passage 

of personnel from the dirty to the clean area should be 

prevented unless, as DiBerardinis et al. recommend (1987, 

180), passage is provided through a sanitation station. The 

corridor layout within the animal area can be either a one-

corridor system or a two-corridor system (which has both clean 

and dirty corridors) (Figure 42). Inasmuch as some of the 

facilities visited use such a small number of animals, not all 

of them utilize the two-corridor system (having clean and 

dirty corridor designations). It appears, however, that the 

use of separate clean and dirty corridors can be a critical 

issue in helping to avoid the spread of infection and cross 

contamination. In the two-corridor system, corridors are 

confined to one-way movement of personnel, animals and 

equipment, always from clean to dirty. Animal rooms have two 

doors; entry on one end is from the clean corridor, and exit 

on the other side of the room is to the dirty corridor. The 

cleanest areas have the most positive air pressure and the 

dirtiest have the most negative pressure. 



224 

ANIMAL 
ROOM. 

3 ... Si...- oc 
X---- -
f 8 

4f; 

IE:. 

ONE-CORRIDOR SYSTEM 

"DIRTY* CORRIDOR 

"V." / 
DIRTY SIDE 
1 l_ 
Cleaning 

operations 
T 

CLEAN SIDE 

•CLEAN" CORRIDOR ,»' 

-'N-f 
-•.v-
i 

•DIRTY" CORRIDOR 

—"N-
i 

y 

lock -TO LABORATORIES 

TWO-CORRIDOR SYSTEM 

Figure 42. One-and Two-corridor Systems 

Source: after Inglis, 1980, 13 



225 

4.3.5 Construction Materials 

Certain materials of construction are better suited 

to the needs of the animal facility than others. It is 

important to note that, by nature, the animal area is one 

which receives great physical abuse and one where stringent 

sanitary requirements must be maintained at all costs. 

To begin, the structure itself must be strong since 

the facility must be able to withstand unusually heavy use 

associated with continued cleaning/decontamination. Five- and 

six-foot high heavy racks which hold cages can bash walls and 

damage them, especially if the walls are of common materials 

such as sheet rock. The use of concrete masonry throughout is 

a good solution (Payette Associates, 1989). 

4.3.5.1 Floors 

Floors need to be constructed of materials which will 

resist cracking and will not be easily damaged by frequent 

washing with such solutions as detergents and disinfectants 

including chlorine-containing compounds (DiBerardinis et al., 

1987, 177). The floor cover should be nonslip and strong 

enough to withstand heavy repeated traffic. Ideally it should 

have few junctions such as may be found in tile floors, since 

such junctions can invite dust and other particles (Inglis, 

1980, 14). A monolithic floor covering is desirable. Whereas 

there appears to be no ideal floor material, such materials as 
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hard surface concrete, neoprene, terrazzo and poured epoxy are 

recommended. Inglis (1980, 15) and Hume (1976, 85) point to 

the cement floor as one which has many advantages in terms of 

strength and durability providing it has a covering of varnish 

or sealer (even though it may produce a fair amount of dust). 

There is disagreement over the use of floor drains. 

Some feel they are necessary and others believe that moisture 

associated with the use of floor drains for cleaning purposes 

is detrimental to animal health (DiBerardinis et al., 1987, 

182). Some don't even want sinks in animal rooms but place 

them outside the rooms for cleanliness reasons. In one 

facility visited, the rodent rooms have no floor drains and 

the primate rooms do; the rodent rooms can be mopped whereas 

the primate rooms need to be hosed daily. Some floors are 

planned so the floor slopes toward a drainage gully (Inglis, 

1980, 15) . This can be a problem when wheeled cage racks are 

used, as well as because of the fact that potential sources of 

infection can often remain within the gully. A typical 

feature in the animal room floor is an upward slope between 

the floor and the wall to prevent accumulation of waste in 

awkward floor-wall angles (Inglis, 1980, 15). In some of the 

firms visited it was recommended that the monolithic floor 

cover be carried up the wall four to eight inches to prevent 

dirt from accumulating in the corners. 
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4.3.5.2 Walls 

Like the floors, the walls need to be impervious to 

and resist cracking and damage from frequent washing. The 

wall finish needs to be easily renewable and reasonably-

inexpensive (Inglis, 1980, 15). Tiles are good but are 

expensive to renew and may hold unwanted dust and bacteria in 

junctions. Epoxy coated walls were observed in most of the 

facilities visited. Inglis discusses emulsion paint as being 

washable and reasonably inexpensive to renew (1980, 15), and 

plastic paints as being very practical (1980, 33) . The 

internal wall needs to be strong to withstand the load of 

cages if they are to be stored on fixed wall racks. Some 

prefer wall buffer strips in certain areas, such as in 

corridors and animal holding rooms, to prevent cage racks from 

colliding with walls and rupturing the monolithic coating 

(DiBerardinis et al., 1980, 181). A method used for roach 

control is that of sprinkling boric acid into wall spaces 

during construction; this will kill cockroaches but is not 

toxic to animals or humans (Payette Associates, 1989 and 

DiBerardinis et al., 1987, 177). 

4.3.5.3 Ceilings 

Hard, seamless, washable ceilings are recommended in 

the animal facility, and are considered to be a positive 

feature in pest control. The reason suspended ceilings are 
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not recommended is that the dead space above the room acts as 

a reservoir of dust, microorganisms and pests (Inglis, 1980, 

34). Seamless hard ceilings provide a cleaner environment and 

allow the services to be easily accessible for inspection and 

cleaning (if it is necessary to run the services through the 

animal rooms at all) (DiBerardinis et al., 1987, 182). 

Ceiling materials vary. As with the floors and 

walls, the ceiling finish must be impervious and withstand 

frequent washing. Sheet rock, sealed particle board or 

plaster may be used. Payette Associates (1989) prefers a 

Simplex flush panel ceiling because it is moisture resistive. 

Acoustical tile may not be used for ceilings because it cannot 

be washed down. Ceiling-mounted light fixtures were observed 

in all cases; lighting is fluorescent, direct and utilizes 

sealed fixtures (prismatic) in most animal facilities visited. 

4.3.5.4 Doors and Windows 

Doors are preferred which are animal proof when 

closed. Inglis (1980, 15) mentions the hinge-type of door as 

being best in this respect but points out that it can be a 

nuisance in terms of daily work since it needs opening space. 

In one of the animal facilities observed, the doors are all 

recessed so they don't encroach on hall space; in this way, 

potential collisions are minimized. Doors receive rough 

treatment and should be sturdy, have an impervious finish and 
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be pest-proof. Metal door frames with hard wood doors 

protected by aluminum or stainless steel sheeting on the lower 

half are often used (Inglis, 1980, 34). Or, the door can be 

of aluminum throughout. An important feature of the door is 

a viewing panel or window making it possible to observe the 

animals without entering the room. The viewing windows should 

ideally be at a height which is at eye level for the average 

person. 

In the facilities visited, exterior windows are 

generally avoided in the animal facility. It is believed they 

may be more valuable to the employee than to the animal. 

Windows can present problems relating to environmental 

control; these are associated with heat gain from solar 

radiation and heat loss across a glazed opening. It is 

generally found that the interior climate best suited to 

animals is the one with as little variation in temperature and 

humidity as possible. Windows also make it very difficult to 

control lighting conditions both with respect to intensity and 

to standardization of circadian rhythms, a very important 

issue in many animal experiments (McSheehy, 1976, 294). If 

windows are used in the animal facility, it is preferable that 

they be inoperable so pests will not enter. Metal window 

frames are considered more durable (Inglis, 1980, 15). 



230 

4.3.6 Animal Research and Testing Spaces 

Various functions and operations take place in the 

animal facility. Rooms observed to accommodate these opera

tions are of many types. It appears that the ideal spaces for 

most needs in the animal facility are ones which are long and 

relatively narrow. This allows for the use of individual 

rooms for a single species, reduces the area which must be 

sterilized after completion of an experiment and can allow for 

flexibility of use (Nuffield, 1961, 71). A very successful 

animal facility observed utilizes structural bays which are 

10 ft. x 25 ft.; this is an excellent bay size not only for 

the actual animal rooms but for most of the other spaces found 

in the facility as well. Some of the room types commonly 

found in the animal facilities observed will be mentioned 

below. 

First are the animal rooms. An important determinant 

in the design of the animal room is the type of animal to be 

housed; these rooms are generally divided by type of animal. 

Temperatures vary according to the animal type, the normal 

range falling between 65 and 72 degrees Fahrenheit (F) 

(Nuffield, 1961, 72). Cages also vary according to type, size 

and requirements, according to the type of animal which will 

use them. The use of small animals is predominant. Mice are 

possibly the most numerous of all laboratory mammals; they are 

popular because they reproduce prolifically and are compara



231 

tively easy to manage in domestication (Inglis, 1980, 3). In 

one of the facilities visited, the rooms for mice are main

tained at around 72 degrees F; stainless hanging racks are 

used for cages, and double cages are standard in the mice 

rooms observed. The stainless steel cage is excellent for 

cleaning and is long lasting. The drawback is that the 

animals are not visible unless each cage is specifically 

observed from the top; many facilities use plastic cages for 

this reason since they make observation so much easier. Some 

of the cages for mice have bonnets (isolation cages) . The 

cages for mice are generally cleaned once a week. Another 

type of animal used is the nude mouse; these are basically 

genetically inbred hairless mice. They require higher 

temperatures in their rooms than do mice. Another animal 

often used is the rat. Rooms for rats are maintained at 72 

degrees F in the facility observed. Stainless hanging racks 

are used to hold the cages, which are plastic. Rat cages at 

this institution are cleaned twice a week. Another type of 

animal room observed was that for the rabbit. These rooms are 

generally kept at around 68 degrees F. In the rabbit rooms 

observed, pans are changed every other day and racks are 

changed every two weeks; stainless cages were also observed. 

Sipping tubes to cages provide drinking water for the rabbit. 

Another type of animal room observed was that for primates. 
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Here double doors are used to minimize possible escape; the 

rooms have drains and are washed daily. 

Other types of spaces found in the animal facility 

vary. The following discussion is based on observation and an 

informative discussion by Inglis (1980, 9-10). Generally a 

reception area is necessary to receive incoming materials such 

as bedding, feed and machinery, as well as animals. Quaran

tine rooms are necessary so that incoming animals may be held 

for a period of time and observed to see whether any disease 

symptoms are obvious. Administrative offices where records 

may be kept are necessary. Locker rooms provide personnel 

with lockers, changing areas, restrooms, showers and areas for 

breaks; sometimes an additional break room is used. Store

rooms house bedding, feed, cleaning materials, chemicals, 

instruments, and caging material not being used. Both clean 

and dirty designations must be observed for storerooms. 

Electrical and mechanical rooms are needed. Cage washing 

rooms are needed where soiled cages and equipment may be 

sterilized. Care must be taken that the cages, once cleaned, 

do not enter the soiled area before going to the animal rooms. 

Surgery and x-ray rooms are often required where anesthetics 

can be administered and blood or tissue samples taken. A 

necropsy room is often necessary, where postmortem examina

tions take place. A histology laboratory may be needed where 

animal tissue may be examined under the microscope. Treatment 
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rooms provide a space for examining and treating sick animals. 

Breeding rooms are another type of space observed in the 

animal facility; they are often controlled at 82 degrees F. 

Some facilities use an animal growing room where offspring 

stay until suitable size, weight and age have been reached. 

Animal stockrooms hold animals until they are required for 

use. Procedure rooms accommodate animals undergoing experi

mental procedures. Isolation rooms are used to provide 

animals with a relatively germ-free environment. Other spaces 

observed include carcinogen rooms, biohazard rooms, radioiso

tope rooms, and other laboratories such as diagnostic labora

tories and sample preparation laboratories. 

4.3.7 Containment 

Containment areas utilizing biosafety categories are 

sometimes used in animal facilities as well as in the research 

laboratories previously discussed (see 4.2.2.2.2 Biosafety 

Laboratories1. They are used where experiments on animals 

infected with agents, which are known or believed to produce 

infections in humans, take place. "As a general principle, 

the Biosafety Level (facilities, practices, and operational 

requirements) recommended for working with infectious agents 

in vivo and in vitro are comparable (United States Department 

of Health and Human Services, 1988, 30)." As previously men

tioned, in vivo refers to the use of agents in a living body 
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and in vitro refers to the use of agents outside the living 

body in an artificial environment (in glass). The United 

States Department of Health and Human Services publication 

should be consulted for specific details (1988, 30-48); 

specific requirements are outlined which are recommended for 

animal Biosafety Levels 1-4. They correspond to the Biosafety 

Levels 1-4 discussed earlier for the laboratory (see 4.2.2.2.2 

Biosafety Laboratories). 

4.3.8 Animal Facility Services 

The services which are supplied to the animal 

facility require rigid control. The topic is a vast one, 

which will only be touched upon here. 

First, HVAC systems are very important in the animal 

facility. Temperature, humidity and air movement in animal 

rooms must be regulated according to each type of animal. 

This means that generally each room must be independent of 

other rooms and have its own thermostat. Recommended tempera

ture for mice is 68 to 75 degrees F and for rats is 65 to 75 

degrees F; recommended humidity for mice is 50 to 60 percent 

and for rats is 45 to 55 percent (DiBerardinis et al., 1987, 

183) . Air pressure must be maintained so that direct air flow 

always moves from clean to dirty areas (clean corridor ++, 

animal rooms +, and soiled corridor -). Maintaining overall 

negative pressure in the animal facility compared to the 
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adjacent areas is necessary in order to avoid the spread of 

infection and/or unpleasant odors to these other areas. 

Generally, the air should not be recirculated but should be 

discharged to the outdoors, usually after filtration (DiBerar-

dinis et al., 1987, 183). Filtration is also necessary for 

incoming air, in trapping airborne particles of various sizes; 

if animals are to be in germ-free environments, HEPA filtra

tion of all supply air is required. Since filters, in time, 

can become ineffective because of trapped particles, they must 

be cleaned or changed as required (Inglis, 1980, 17). An 

alarm system should be provided which notifies personnel when 

filters are becoming dust loaded to a critical point 

(DiBerardinis et al., 1987, 185). Care must be taken in the 

placement of fresh air intakes so that they do not pull dirty 

air into the facility, since polluted air places an unneces

sary burden on filtering devices. Based on observation and a 

discussion by Inglis (1980, 18), fifteen air changes per hour 

is a fairly typical figure for animal rooms, although a figure 

of twenty air changes per hour was observed in one animal 

facility. Densely populated animal rooms may require twenty-

five air changes per hour. Air temperatures must be distrib

uted evenly so hot and cold spots are avoided. These are only 

some of the HVAC issues which must be considered; many others 

should be addressed as well. 
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Second, water needs to be provided in the animal 

room. Water is necessary for automatic drink apparatus, if it 

exists, for hose-pipe connections for washing down the room, 

or for bottle filling and hand washing (Inglis, 1980, 16) . In 

the rooms observed, generally a sink is provided in each room. 

Floor drains were observed in primate rooms where daily room 

washing generally occurs; often floor drains are nonexistent 

in the rodent rooms where they are considered by some to be 

germ catchers (here the rooms are wet mopped regularly, but 

not hosed). 

Third, electricity is necessary to provide power for 

certain instruments. It is recommended that electric sockets 

and light switches be enclosed in special covered housing or 

by a plastic cover to prevent corrosion or water contact 

(Inglis, 1980, 16) . The conduit and tubing through the animal 

room should be kept at a minimum and/or enclosed to minimize 

dust collection. In one of the facilities visited, an 

override service regulates all lighting; for example lights go 

off at 6:00 PM daily. Additionally, alarm and back-up systems 

are necessary so that the animals won't be affected adversely 

in the case of system failure. As mentioned before, alarms 

should also be provided to alert personnel when filters need 

attention. 

Fourth, animal facility central security must be 

addressed. Authorized access (card access or proximity 
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readers) is important but in addition, secondary level 

security systems may be needed such as motion detectors and/or 

closed circuit TV monitors reporting to a central security 

room for the entire complex. 

Fifth is lighting. Special requirements are dis

cussed by DiBerardinis et al. (1987, 186) and Marshall (1990, 

436). Since certain animal species follow a diurnal pattern 

of nighttime activity and daytime rest, provisions must 

sometimes be made for reversing the usual illumination 

sequence. Fluorescent lighting is favored over incandescent, 

since less heat is generated with the fluorescent, which has 

less effect on HVAC requirements. Fixtures should be used 

which minimize dust collection, and surfaces should be easy to 

clean. A computer controlled system of lighting control is 

recommended. 

Other services include special provisions for waste 

disposal, fire detection and protection (where sprinklers are 

the usual method of protection in both the animal facility and 

its mechanical rooms), back up alarm systems for services and 

experiments, and provision of other services such as gas, air 

and vacuum (necessary in some rooms). 

4.4 DEVELOPMENT/SCALE-UP/PILOT FACILITY 

As was mentioned earlier (see 3.2.3 Development), the 

terms product development, scale-up and pilot are used 
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synonymously with development. Development can also refer to 

some of the work done in the laboratory. Even though opera

tions vary from institution to institution and undergo changes 

within the same institution, generally, scale-up can be 

described in terms of four typical objectives, some or all of 

which may be applicable to the design of the facility. First, 

a major objective of the pilot plant is to provide a place 

where manufacturing technology can be developed. A workable 

method for producing the product must be developed and 

implemented at a relatively small scale so that the process 

can be perfected before large-scale manufacturing begins. 

Many problems which arise as the production scale is increased 

must be addressed and solved at the pilot stage. Some of the 

difficulties which occur in this process have been discussed 

(see 3.4 OBSTACLES IN BIOTECHNOLOGY). Second, records and 

documentation of the product development process must be 

carefully maintained. This is necessary so the work can be 

documented to the Food and Drug Administration not only before 

clinical trials may begin but while they are being conducted 

as well. Third, another purpose of the pilot plant is to 

prepare products needing testing prior to large-scale manufac

turing. The plant generally produces materials for preclini

cal and clinical testing under the United States Good Manufac

turing Practices. Fourth, sometimes the facility is used to 

commercially manufacture, in small volume, materials incorpo
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rated in products approved for sale. These objectives, either 

totally or in part, are evident in the scale-up facilities 

visited. 

The pilot plant facility involves a large variety of 

equipment and operations, the arrangement of which changes 

constantly. Since a major objective in the pilot plant is to 

find a workable method for producing the product, flexibility 

in the space is an obvious and necessary attribute; changes 

will take place as methods are perfected through trial and 

error (see 5.3 FLEXIBILITY ISSUES). Since products, volumes 

and production methods vary and change, the pilot facility 

which results cannot be classified as a specific, standard 

building type. The underlying theme is the fact that the 

actual process is the major driver of the design of the 

facility. Generally, operations include on a smaller scale 

those which are provided in large-scale manufacturing (fermen

tation, recovery, and purification) and finishing processes. 

Many of the same issues apply to both large scale production 

facilities and pilot facilities. For a more detailed descrip

tion of these issues, see 4.5 MANUFACTURING FACILITY and 4.6 

FINISHING FACILITY. In one of the facilities visited, the 

pilot facility was designed with manufacturing in mind so that 

it may be easily modified at a later date for small-scale 

commercial manufacturing; however, before the product is 
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approved by the FDA, the facility is currently producing 

products used in clinical research. 

Various spaces were observed in the pilot facilities 

of the companies visited. Sometimes these are located in 

separate buildings and sometimes the pilot operations are 

located in the same building as the research laboratories. 

Often a fermentation area or room with a high ceiling is used 

so that bulky equipment and large tanks can be accommodated. 

Sizes of pilot fermentation tanks in the companies studied 

range between 10 and 300 liters and the ceiling heights vary 

accordingly. In the pilot facility using the largest volumes, 

ceilings of 15 and 20 ft. were observed. Other process 

activity spaces may include a seed laboratory, cell recovery 

area, purification area, ambient purification area, formula

tion area, freeze-drying area and glass-filling area. Support 

process spaces are needed as well, and some of those observed 

which serve the pilot facility include such spaces as an 

analytical testing laboratory, glassware preparation area, 

solution preparation area, material exchange area, gowning 

area, restrooms, storage, offices, and mechanical/service 

areas. 

A large shell or industrial structure is a typical 

building solution for the pilot plant. This accommodates 

changing needs, varying functions and differing size and 

height requirements. Placement of process spaces on the 
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ground level, some of all of which may require clear heights 

of 20 ft. or more, and of mechanical spaces above and acces

sible by catwalk, is common. Equipment which requires 

extended vertical clearances may be grouped together in order 

to consolidate high-bay construction (Gould, 1986, 33). 

Again, these requirements are determined by the actual process 

and volumes used. Considerable floor space and clearances 

(both vertical and horizontal) are needed to provide adequate 

room for large equipment and for circulation. 

4.5 MANUFACTURING FACILITY 

As the biotechnology field grows and as products are 

moving out of the laboratory and into the marketplace, the 

manufacturing facility for the production of products derived 

from biotechnology becomes increasingly important. As has 

been mentioned, the process itself is the backbone of the 

facility and the major driver in its design. Since there are 

so many different kinds of biotechnology products, processes 

vary. Even the same biological products can be produced using 

many different processes. For example, products can be made 

by such processes as use E. coli, mammalian cells or yeast (as 

well as many others) (see 3.3.3 Hosts). Each case is unique. 

This means there is no single plant layout or manufacturing 

process arrangement that can be used interchangeably for the 

production of many different kinds of biotechnology products. 
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What is certain, however, is that it is imperative to clearly 

understand the process, whatever it is, before attempting to 

design the facility which will accommodate it. 

As mentioned earlier, there are basically four steps 

required in producing a product in biotechnology: (1) biosyn

thesis (usually fermentation), (2) recovery, (3) purification 

and (4) finishing (final filling and packaging) (see 3.3 

PRODUCTION PROCESS). In many instances biosynthesis, recovery 

and purification take place in the manufacturing facility; 

since the fourth step, finishing, often requires a separate 

facility, it will be discussed later (see 4.6 FINISHING 

FACILITY). 

4.5.1 Biological Product 

The overall design of the biotechnology production 

facility is greatly influenced by the characteristics of the 

biological products which, as has been mentioned, are very 

different from pure chemical drugs (see 3.1.2 The Biotechnolo

gy Company versus The Pharmaceutical Company). First, in the 

way of review, the biological product is derived from a living 

source (human, animal, plant or microorganism) (Hill and 

Beatrice, 1989, 35) . Second, whereas the final biological 

product is a complex mixture of proteins and substances which 

cannot be easily identified or characterized, a degree of 

identification and characterization must be employed during 
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the manufacturing phase. Third, Hill and Beatrice go on to 

point out the fact that biological products are heat sensitive 

so are generally stored continuously at 2 to 8 degrees C; some 

are stored frozen and even shipped frozen as well. Because of 

this heat sensitivity, during biological manufacturing some 

operations in certain cases need to be performed under 

controlled temperatures below 10 degrees C. The temperature 

depends on the nature of the product being manufactured and on 

the length of time it takes to manufacture it. Fourth, 

biological products are very susceptible to microbial contami

nation. 

Thus, concern for microbial contamination 
must be considered at every step during the 
manufacture of a biological product, from 
the time the seed cell or culture arrives 
at the plant to preparation of the culture 
media, the propagation of the product by 
fermentation or by a continuous cell cul
ture system, the harvesting, concentration 
and purification procedures as well as the 
sterile filtration of the final bulk and 
aseptic filling of the bulk into final 
containers (Hill and Beatrice, 1989, 36). 

4.5.2 Containment 

Containment is a major issue which strongly affects 

the design of the biotechnology production plant. As in the 

laboratory, containment is often critical in the manufacturing 

facility to protect the worker, the environment and the 

product from unnecessary exposure to potentially infectious 

materials (see 4.2.2.2.2 Biosafety Laboratories^. The level 
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of biosafety containment recommended should match the poten

tial risks involved. The designations BL1-BL4 parallel the 

earlier designated PI through P4 categories where the BL4 or 

P4 level requires the highest degree of physical containment. 

Generally the term large scale (LS) refers to production 

operations above 10 liters. The "National Institutes of 

Health Recombinant DNA Research: Actions Under Guidelines; 

Notices" (United States Department of Health and Human 

Services, October 26, 1988, Sections I-A and II-A) describes 

biosafety levels for certain large-scale fermentations. The 

selection of the required containment level for large-scale 

recombinant DNA research or production is based on the 

containment guidelines established in Part III of the "Nation

al Institutes of Health Guidelines for Research Involving 

Recombinant DNA Molecules" (United States Department of Health 

and Human Services, May 7, 1986). 

As described in the Federal Register (United States 

Department of Health and Human Services, October 26, 1988, 

43410), three physical containment levels are established for 

purposes of large-scale research and production. The designa

tions for these are BL1-LS, BL2-LS and BL3-LS. The BL1-LS 

level is... 

...recommended for large scale research or 
production of viable organisms containing 
recombinant DNA molecules which require BL1 
containment at the laboratory level. For 
large scale fermentation experiments in
volving non-pathogenic and non-toxigenic 
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recombinant strains of host organisms 
having an extended history of safe indus
trial use, the 1BC may set large scale 
containment conditions at those appropriate 
for the host organism unmodified by recom
binant DNA techniques and consistent with 
industrial large scale practices (United 
States Department of Health and Human 
Services, October 26, 1988, 43410). 

The BL2-LS level is required in situations using recombinant 

DNA molecules where BL2 containment was required at the 

laboratory level and BL3-LS where BL3 containment was required 

at the laboratory level. Since no provisions are made for 

large scale BL4, these requirements are established on an 

individual basis, where necessary. 

4.5.3 Material Flow 

As is mentioned by Hill and Beatrice (1989, 38-39), 

the flow of materials (including components, equipment, 

product and waste) must be given substantial consideration 

when designing a biotechnology manufacturing facility. 

Generally, it is best if the flow is in one direction so that 

materials enter the manufacturing/contained area by means of 

an airlock and leave through a double-door autoclave, which 

sterilizes contaminated materials; another means of exit might 

be through an airlock. Materials used during fermentation and 

recovery in the containment rooms should be separated from 

clean materials entering the containment areas. If possible, 

clean materials should not cross the path of dirty ones. 
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Dirty refers to not only contaminated equipment but to any 

equipment which has been used in the production process. 

Some refer to the beginning of the product process as 

dirty (fermentation and recovery) where the flow of the 

product process must be designed to go from the dirty begin

ning to the clean end. This involves considerations including 

the receipt and storage of incoming cells, storage of seed 

cultures, master cell banks, working cell banks, other raw 

materials (including chemicals and process gases), equipment 

washing and preparation areas, media production, inoculation, 

fermentation, harvesting, extraction and purification (Hill 

and Beatrice, 1989, 38). 

Material flow is an important issue mentioned by most 

of the firms visited. Even though it is not always observed 

in plant design, it is highly desirable and critically 

important in preventing product contamination, especially in 

large-scale manufacturing. 

4.3.4 Sterilization System 

Provisions for the sterilization of equipment and 

supplies must be included in the plant facility layout. This, 

as discussed by Hill and Beatrice (1989, 40), includes both 

incoming and outgoing equipment, supplies and waste. 

First of all, they recommend provisions for materials 

and equipment entering the containment and aseptic processing 
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areas. Double doors to autoclaves and dry heat ovens are 

suggested to permit direct access of the sterilized goods into 

either the containment or aseptic processing areas. To 

further reduce the chance of microbial contamination, the 

cool-down phase for the sterilized materials should take place 

under controlled air, such as Class 100, or if the materials 

are cooled in the autoclave or oven then the chamber air 

should be HEPA filtered (Hill and Beatrice, 1989, 40). 

Second, they discuss the disposal and sterilization 

of all contaminated liquid, solid waste and sterilization of 

equipment generated by the biotechnology production process in 

the containment area. Liquid waste should be disposed of in 

a treatment reservoir large enough to accommodate all poten

tial loads. Procedures for cleaning and decontaminating the 

work area should be detailed in writing as part of the 

standard operating procedure. "Separate autoclaves for 

decontamination and sterilization are recommended based upon 

the principle that clean and dirty component pathways should 

never cross (Hill and Beatrice, 1989, 40)." 

4.5.5 Human Circulation 

The circulation pattern which starts from the place 

where people enter and follows them to their final destination 

and eventual exit must be carefully considered. Dirty/clean 

issues must be kept in mind. Hill and Beatrice (1989, 39) 
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maintain that only those actually involved in the fermenta

tion, recovery, and purification procedures should be allowed 

in these specific areas when work is in progress; other 

personnel and visitors should be restricted from entry to any 

containment or controlled areas. Gowning of various degrees 

was observed as a requirement for workers in the containment 

areas to protect the product and/or worker from contamination. 

Ideally, gowning and degowning areas should adhere to 

dirty/clean designations as well. 

4.5.6 Value of the Product 

Another important factor influencing the design of 

the production facility is the value of the product. West and 

Snell (1987, 28) discuss the difference in value between 

antibiotics (expressed in terms of cents per gram) and 

therapeutic proteins (expressed as a range from thousands of 

dollars per gram to thousands of dollars per vial) . If a dose 

of an antibiotic is rejected, it does not represent a signifi

cant monetary or. production setback; yet, if a dose of the 

high value therapeutic is rejected, the financial and produc

tion losses are substantial. A consideration mentioned by 

West and Snell is that of client evaluation as to whether "it 

is necessary to inspect all pharmaceutical components before 

filling to minimize the number of instances in which a dose is 

rejected for trivial reasons, such as a chipped vial 
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(1987, 28)It is also mentioned that since the bulk product 

in these cases is very valuable, methods should be carefully 

studied whereby the rejection of bulk lots is minimized. 

Decisions based on these considerations could result in 

varying spatial size and organization of the facility. 

4.5.7 Yield 

The design of the facility is influenced by the 

degree of productivity of the fermentation process as well as 

the yield resulting from the downstream processing (recov

ery/purification) steps (see 3.4.2 Downstream Processing) . If 

fermentation productivity is low, resulting in an impure 

material, recovery and purification are more difficult and 

require many more steps. In addition, the yield of each 

recovery/purification step is also important in determining 

how many steps are necessary before the amount of purity 

desired in the final product has been achieved. 

West and Snell (1987, 26-27) illustrate how the 

number of purification steps substantially influence the 

design of the facility (Figure 43). This illustration shows 

the effect of the number of recovery/purification steps and 

the yield at each step on the overall yield of the biosynthe

sis process. In a downstream process which has five steps, if 

the average yield of each step is reduced from 90 percent to 

80 percent, the overall yield will be reduced from 60 percent 
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Figure 43. Effect of the Number of Recovery/Purification 
Steps and Step Yields on the Overall Yield of a Biosynthesis 
Process 

Source: after West and Snell, 1987, 26 

to 30 percent. If the number of steps is increased from five 

to ten and if the average yield of each step is 80 percent, 

the overall yield decreases from 30 percent to 10 percent and 

the biosynthesis required increases three times. West and 

Snell go on to point out how an increase in the number of 

downstream process steps (and greater volumes which occur) 

results in a larger facility which must accommodate these 

extra steps. This demands greater capital investment and 



251 

greater operating costs when one considers the short- and 

long-term effects on the facility. 

4.5.8 Dedicated Versus Multiproduct Facility 

There is much discussion centered on the issue of the 

production facility, designed as one where many products may 

be manufactured, versus the facility which is designed and 

built to produce only a single product. There are important 

reasons behind the decision to go with either solution which 

must be carefully considered. The resulting manufacturing 

plants can be very different and will strongly influence the 

future growth patterns of the company. 

4.5.8.1 Dedicated Facility 

Many companies decide to build a dedicated manufac

turing facility to produce a biotechnology product. In the 

company visited where a large-scale dedicated manufacturing 

facility has been recently completed, this solution was 

considered cost effective in view of the difficulties involved 

in producing the specific product. Here the vehicle used is 

mammalian cells (see 3.3.3.2 Mammalian Cells). As has been 

pointed out, the use of mammalian cells in large scale 

application can be very difficult and costly; contamination is 

a critical problem. Considering the significant value of the 

final product, the company wanted to be sure the product would 
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be manufactured according to the very highest standards. A 

dedicated facility reduces the potential for contamination 

substantially and makes it possible to better tailor/balance 

the process and facility to that specific product. At the 

same time, prohibitive costs for unnecessary degrees of flexi

bility (in terms of handling multiple products) can be 

eliminated by the use of a dedicated facility. 

A related issue concerns the highly specific activi

ties and products brought about by new biotechnologies and how 

they can affect the size of the plant. West and Snell 

(1987, 28) point out the fact that since the dosage form of 

many of these products contains very small amounts of active 

ingredients (total yearly amount used is often measured in 

terms of grams or kilograms), the bioprocess facilities which 

are designed for production of a single product might be 

relatively small especially when compared to facilities which 

manufacture other established pharmaceutical clinical products 

such as antibiotics. 

4.5.8.2 Multiproduct Facility 

In order to maximize full utilization of the biotech

nology plant, it is often wise to handle multiple products in 

a manufacturing facility. This can often be economically 

advantageous as well. West and Snell (1987, 28-29) point out 

the desirability of a multiproduct facility; they feel it is 
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a logical result of the fact that operations for producing 

many of the pharmaceutical/ biological products being devel

oped can be the same or similar. They go on to say the 

"specific unit operations that are needed can be configured on 

a product-specific basis for each of the several different 

campaigns conducted each year in the same facility 

(1987, 29)." 

In one of the companies visited, a new manufacturing 

facility currently under construction will use one large 

fermentation area to support many fermentations of other 

products as well. Since the host, E. coli, will be used in 

this plant, the fear of cross contamination is not as great as 

it would be with the use of mammalian cells. The company 

foresees the safe production of more than one kind of product 

in the facility. 

One of the most important manufacturing issues 

regarding the multiproduct facility was presented by one of 

the company representatives interviewed; this relates to 

methods of addressing potential contamination concerns. He 

contends, as has been substantiated by others, that either 

separate rooms with separate air handlers should be used for 

each product, or equipment in the plant should be used which 

will be closed or contained. He prefers a closed system in 

the fermentation phase, since potentially horrendous architec
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tural problems can be avoided when the product (s) can be 

fermented in one large and flexible space. 

Hill and Beatrice (1989, 37) discuss some of the 

issues which should be considered when designing a multi-

product manufacturing facility. They claim that multiple 

products can be manufactured in the same facility provided 

validated cleaning and sanitizing procedures are employed 

between each product manufacturing run. They state that the 

organism or particular cell line used in each production run 

should also be propagated in areas where no other organisms or 

cells are handled, or in contained closed systems where 

potential cross-contamination is minimized. Unless the 

material has been completely inactivated at this stage, they 

maintain that recovery and purification should also be 

performed in self-contained areas of the plant. "Dedicated 

equipment should be employed in each of these areas and if 

product campaigning is utilized, dedicated equipment for each 

product may be necessary for certain operations (Hill and 

Beatrice, 1989, 37)." They also mention that unless he or she 

undergoes a validated regowning procedure, no person who has 

been in contact with transmissible agents or experimental 

animals should enter the manufacturing premises on the same 

day such contact was made. 
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4.5.9 Structural Module 

As with the pilot plant, a large shell or industrial 

structure is a typical design solution for the manufacturing 

facility. This accommodates changing needs, varying functions 

and differing size and height requirements. Placement of 

process spaces on the ground level and of mechanical spaces 

above, accessible by catwalk, is common. 

The size of the structural module of the manufactur

ing facility depends on the actual manufacturing process and 

upon the quantities and volumes used in production. Since 

these vary so much in the biotechnology industry, there is no 

ideal or standard bay size. Those observed vary; however, a 

30 ft. x 30 ft. bay size appears to accommodate many uses. 

Some of those interviewed indicated a preference for a large 

bay size and a square building. The 30 ft. x 30 ft. or 32 ft. 

x 32 ft. bay provides for a degree of flexibility which, in 

most cases, is desired. 

Another size factor is that of height. This is a 

detailed design issue where requirements also vary according 

to the processes and quantities used. Fermentation areas 

require generous heights; one level may be used, two levels 

are customary, and even three or more may be necessary 

depending on the size of the fermenter. The average fermenter 

usually requires two levels because gravity feed is necessary. 

Generally, catwalks are used to gain access to the top of the 
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ferxnenter. In one very satisfactory manufacturing facility 

visited, a large shell, which has a clear height of 22 ft., 

accommodates the manufacturing spaces, most of which are 

single story or 9 ft. in height, and the mechanical space 

above them. Those manufacturing spaces requiring double story 

height (fermentation, buffer preparation, media preparation 

and inactivation areas) extend up into the mechanical space. 

The plant manager would have preferred a shell clear height of 

26 or 27 ft. In this case heavy steel columns are independent 

of the exterior building shell and serve to structurally 

support everything inside the building (including equipment) 

which hangs from it. 

4.5.10 Finishes/Materials 

The most important objectives concerning build

ing/equipment materials and/or finishes used in the manufac

turing facility relate to providing for a clean facility. 

Since contamination can be such a problem, materials which 

will help to bring about very low microbial counts, which are 

easily cleanable and which avoid corrosion are desirable. 

Walls, ceilings and floors should be of materials which are 

smooth, nonporous, and resistant to chipping and peeling. 

Walls of such materials as epoxy-coated moisture-resistant 

drywall were observed in the facilities visited. Coved edges 

are desirable between the floor and the wall. One facility 
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uses 6 in. concrete curbing at the base of the walls for water 

containment and a coved epoxy floor is wrapped up the wall 

over it. Sealed joints and coved corners prevent air leakage. 

Piping ideally should not be exposed except at the point of 

use. Stainless steel, while expensive, is an ideal material 

in the plant for piping, rails, catwalks, and equipment. One 

manufacturing facility visited has two-and-one-half miles of 

stainless steel pipes in the plant. 

4.5.11 Manufacturing Spaces 

The areas which are found in the biotechnology 

manufacturing facility vary between institutions depending on 

the nature of the product and the specific process. Some of 

the process spaces, support spaces and building support spaces 

which were observed will be briefly discussed below. 

4.5.11.1 Process Spaces 

4.5.11.1.1 Master Seed Bank. This is the area where cells 

are stored before the production process begins. They are 

often stored in batches grown in subportions. Depending on 

the product, the cells are stored various ways and at various 

temperatures. 
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4.5.11.1.2 Sub Bank. The sub bank is a separate area where 

material is received from the master seed bank. Work is often 

performed under hoods. The area may be designated as BL-l in 

some facilities. It was observed as having positive air 

pressure. 

4.5.11.1.3 Seed Inoculation. Here the organism is inoculated 

in a small scale batch before going to large-scale fermenta

tion. In all fermentation, it is necessary to inoculate a 

small scale culture which is then used to inoculate the large 

batch of media. The reason for this is that cells do not 

initially grow well in a large volume so an inoculum is 

prepared in a smaller volume, and when it is grow

ing/fermenting well, it is transferred to the large batch. 

The seed inoculation area is also a positive pressure area. 

4.5.11.1.4 Raw Material Storage. Here raw material is 

received from the GMP warehouse and stored before being 

weighed. 

4.5.11.1.5 Weighing Room. Raw material is weighed in this 

room. From here it goes to the media preparation area. 

4.5.11.1.6 Media Preparation Area. Raw material is received 

here from the weighing room. It is quality control tested. 
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As observed, functions are generally carried out in closed 

vessels. The room is a clean area; Class 10,000 was observed 

but it could be in a range between 10,000 and 100,000. In 

addition, ceilings are sealed and do not contain ceiling tiles 

which would represent a source of contamination. Areas within 

media preparation include a chemical preparation area with 

wash-down floors (epoxy over concrete), cell storage space 

within or in an adjacent area, and a cold room, among others. 

Stainless steel equipment is used. Sometimes a room of double 

height is required to accommodate the equipment. BL1 Large 

Scale is a common designation. 

Services include once through, 100 percent outside 

air, which is preferred; however, recirculation is acceptable. 

Fifteen to twenty air changes per hour were observed and HEPA 

filter air supply. The room should have positive pressure. 

In some climates humidity control is not necessary; relative 

humidity should be at around 50-60 percent. Other services 

provided which were observed include a clean-in-place system 

(CIP), glycol, water for injection (WFI), reverse osmosis (RO) 

water and clean steam. 

4.5.11.1.7 Fermentation Area. The fermentation process, 

which is a key operation in most biotechnology companies, has 

been discussed (see 3.3.2.1 Fermentation). In the companies 

observed, fermentation generally takes place in large, closed, 
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stainless steel vessels (fermenters or bioreactors). As 

mentioned earlier, fermentation is the process whereby large 

numbers of cells are grown under controlled conditions. 

The size of the fermentation room is largely depen

dent upon the size and number of fermenters or bioreactors 

which are, again, dependent upon the actual product process 

and the volumes which are used. Fermenter sizes vary greatly 

between institutions; general sizes ranging between 10 and 

10,000 liters were observed, but larger fermenters are used as 

well. The fermentation area requires generous heights. Rooms 

of double height are frequently used to contain the ferment

ers, or sometimes greater heights are required depending on 

the size of the fermenter. Catwalks enable one to gain access 

to the top of the fermenter since access is often necessary 

for gravity feed and for maintenance. 

The fermentation rooms observed are generally large 

open rooms where closed equipment is used to prevent cross-

contamination. They are commonly designated as BL1 Large 

Scale. The area around the fermenter cannot always be of 

clean room quality because of the nature and scale of the 

operation; therefore, the cleanliness classification for air 

particles in the fermentation area is generally unclassified. 

The air pressure is usually negative in the facilities 

observed. The fermenters normally operate 24 hours a day and 

are on a programmable control system with emergency backup 
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power. Building surfaces which are easy to clean are recom

mended, such as epoxy-coated walls, floors and ceilings. 

One of the greatest problems in the fermentation area 

can be that of air distribution. There is much heat which is 

generated in the room, so air conditioning is usually neces

sary. Preference is for once through, 100 percent outside 

air. A separate air handling system usually supplies the 

fermentation process. Other services observed in the fermen

tation area, again, vary according to the process but might 

include compressed dry air (CDA), nitrogen (used to displace 

oxygen), oxygen, carbon dioxide (to sparge fermenters and 

roller bottles), reverse osmosis (RO) water for makeup for 

clean steam, production steam, city water, water for injection 

(WFI), and glycol for cooling (if chilling of vessels is 

needed). 

Fermentation waste is generally piped separately to 

a kill tank. A kill tank is a recombinant sewer system where 

any biowaste from fermentation and recovery which might be 

drained, leaked or spilled is piped separately. Different 

types of kill systems are used, the chemical system and the 

heat system. The chemical kill system generally uses hypo

chlorite bleach to kill the living cells, and the heat system 

kill tank destroys live organisms by heating waste fluids to 

140 degrees C and holding the temperature for two minutes; 

killed waste, which is frequently in the pH range of 3 to 5, 
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must be transferred to neutralization tanks (because of 

acidity) where the pH is adjusted before it is released into 

the sewer system (EIP Associates, 1989, 4.2-8). One of the 

companies visited mentioned its vast preference for the heat 

kill system over the chemical system; advantages include 

greater reliability, greater automation safety, and avoidance 

of discharge of toxic chemicals to the sewer system (EIP 

Associates, 1989, 4.2-9). 

Another service often used in fermentation is the 

clean-in-place system, which insures complete cleaning of 

piping and vessels between batches. The process consists of 

several steps which generally involve the use of 50 percent 

sodium hydroxide (diluted to 1 to 2 percent) and 75 percent 

phosphoric acid (diluted to 15 percent). Phosphoric acid is 

used to clean, and sodium hydroxide is used to neutralize. 

4.5.11.1.8 Paste Storage Room. This is a cold storage room 

where the concentrated, fermented product goes prior to the 

recovery process. 

4.5.11.1.9 Buffer Preparation Area. Materials are received 

here from the GMP warehouse and/or from the raw material 

storage area. Chemical buffers are prepared before going to 

the recovery stage and other buffers go from here to the 

purification stage. The physical requirements of the room are 
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similar to those of the media preparation room. If open tanks 

are used then the area should be in a separate room or have 

HEPA filtered air. If the operation is very small or on a 

pilot scale, then a hood is necessary. Water for injection 

(WFI) should be used for flushing. 

4.5.11.1.10 Recovery Area. The fermented product is recov

ered and harvested in the recovery area (see 3.3.2.2 Down

stream Processing). As has been mentioned, the desired 

product is either inside the cell or in the broth outside the 

cell. If it is inside the cell, extensive recovery procedures 

must be used where the cell must be harvested, broken, the 

debris separated out and the product recovered. If the 

product is in the broth, the recovery process is much simpler 

requiring a concentration step (since volumes are usually much 

too great to work with) ; here the cells can be centrifuged and 

discarded. Key operations include centrifugation, cell 

disruption, ultrafiltration and microfiltration (EIP Associ

ates, 1989, 3-15). At this stage the basic goal is to 

collect, not necessarily to purify, although if a purification 

step results, it is a desired side effect. Recovery ends with 

an aqueous solution containing the product protein. 

The physical requirements of the recovery area are 

similar to those for the fermentation area. In fact, the 

recovery operations could take place in the same room as 
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fermentation unless the operation is very large, and then it 

should be in a separate zone. The designation BL1 Large Scale 

was generally observed in the recovery area. 

The services used in the recovery area are similar to 

those needed in fermentation. Any waste containing recombi

nant organisms goes to a kill tank. A clean-in-place system 

insures complete cleaning of piping and vessels. If there is 

more than one recovery line, then separate air handlers are 

required. 

4.5.11.1.11 Purification Area. Purification processes vary 

between institutions and according to the specific product. 

Some (but not all) companies divide the purification process 

into two stages, initial and final purification. 

4.5.11.1.11.1 Initial Purification Area. Generally the 

classification observed is BL1 Large Scale. In initial 

purification the volume is reduced along with the microbial 

load, thereby increasing the purity. The general practice 

appears to be that the initial purification area be separated 

from recovery. Both opened and closed systems are used; 

however, the facility must allow for no cross-contamination. 

Finishes observed include epoxy coved floors, washable walls, 

optimum use of stainless steel to eliminate corrosion (epoxy-

painted steel to minimize peeling), and galvanized hangers. 
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The area should use separate air handlers (indepen

dent HVAC system). The overall air pressure should be 

positive. Ninety-five percent HEPA filtration is desired. 

Some companies use once-through air and others recycle some 

(using not less than 20 percent outside air). Other services 

observed include glycol for jacket cooling, nitrogen gas 

cylinders, kill tank, chilled water, steam for vessel cleaning 

and high quality water. 

4.5.11.1.11.2 Final Purification Area. The product is fairly 

pure by the time it reaches final purification. A full 

spectrum of purification techniques was observed, such as high 

resolution ion exchange, reverse phase HPLC (high pressure 

liquid chromatography, 300 to 500 psi) and ultrafiltration. 

The cleanliness needs of the final purification area are 

driven by the specific process. Class 10,000 rooms (which 

have no more than 10,000 [0.5] micron-sized particles per 

cubic foot of air) were typically observed; this appears to be 

adequate in many cases if the system is closed. Fear of 

cross-contamination is considered one of the largest issues 

and results in a segregated purification area, a separate room 

for each product, separate air handling systems, double-

positive air pressure for purity, and support facilities 

dedicated to final purification. 
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Sometimes final purification takes place in a cold 

room but it is not always necessary since the process can also 

be ambient in the case of certain products. Some of the 

spaces often required in final purification may include a 

media makeup room, buffer makeup room, media storage room, 

cold room, glassware wash room, tank garden room, tank storage 

room, large scale development room (where sometimes, higher 

ceiling levels are required, such as a two-level height in the 

case of large-scale HPLC use), self-contained clearing area 

for incoming materials, gowning room and air locks. Washable 

walls, floors and ceilings are required. 

Services may include separate air handling systems as 

previously mentioned, deionized water (DI) for cleaning, water 

for injection (WFI), hot and cold water, glycol for jacket 

cooling, nitrogen, compressed dry air (CDA), clean steam and 

a kill tank. 

4.5.11.1.12 Other Process Spaces and Process Support Spaces. 

Depending on the process, other process and process support 

spaces may include: warm room/cold room, roller bottle room, 

inactivation room, empty bottle room, tank farm, dirty tank 

storage, tank wash room, steaming room, formulation room, 

glassware wash room, cell culture laboratory, analytical 

laboratory, clean room laboratory and warehouse area (for 

staging and storing). 
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4.5.11.2 Manufacturing Support Spaces 

Manufacturing support spaces support the functions of 

the production facility. The actual types of spaces, again, 

vary depending upon the actual production process, size, and 

upon the physical layout of the other biotechnology company 

functions. As observed in the facilities visited, these 

support spaces may include such areas as a control office, 

space for ready access to technical manuals, confer

ence/seminar room, storage areas, reception/administrative 

area, offices, break room, gowning room, locker room, 

restrooms. 

4.5.11.3 Building Support Spaces 

Building support needs are massive for the manufac

turing facility. A large amount of space is required to house 

the services and utilities which are often accommodated by 

both an indoor mechanical space and an outdoor utility area. 

First, a large mechanical space usually above the plant floor 

(the size of which depends on the equipment needed for the 

particular process) is generally used; access is often by 

catwalk. Sometimes spare parts storage is located in this 

area in addition to the services. In one facility, as 

previously mentioned, the mechanical space fills the space in 

the building's shell between the general 9-ft. room heights 

and the 22-ft. shell height; those manufacturing spaces 
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requiring greater height than 9 ft. (which are few) extend up 

into this mechanical space. Even though this mechanical space 

is generally 12 ft. high in this institution, a clear height 

of 16 or 17 ft. for the services would have been preferred in 

this facility. Second, building support for the manufacturing 

facility requires a large utility area which is often located 

outside and adjoins the manufacturing facility. It appears, 

in the facilities visited, that more space for utilities is 

needed than is often provided (needed size is typically under

estimated) . The area is often covered; in some cases a 

preference for an inside location for utilities was mentioned. 

One company is currently in the process of building a large 

facility just to accommodate the utilities for the manufactur

ing facility. Another company specified a desirable ratio of 

utility support to process area as 1:1. 

4.5.12 Manufacturing Services 

The services required in the manufacturing facility are 

exceedingly complex. They are critical to the proper func

tioning of the facility and to the realization of the goals of 

the institution. Many issues related to the manufacturing 

services were discussed on the site visits; the most important 

of these appear to be related to the water and air systems 

needed in the manufacturing facility. These will be discussed 
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below. Others are important as well, some of which have been 

discussed as they relate to the needs of specific process 

spaces (see 4.5.11 Manufacturing Spaces}. 

4.5.12.1 Water 

Some of the firms visited mentioned the water system 

as the key functional issue in the design of the biotechnology 

production facility. One company stated the FDA often uses 

the quality of the water and the water system as a measure of 

the facility's performance. The quality of the water must be 

high both in terms of the water used in the manufacturing 

process as well as for glassware and equipment washing. Hill 

and Beatrice recommend that USP water for injection (WFI) be 

used... 

...when the water comes into direct contact 
with the product, including during purifi
cation procedures (e.g. rinsing of the 
resin columns), buffer preparation, product 
formulation and for the final rinsing of 
glassware, stoppers and equipment used in 
the purification and formulation/filling 
operations. It may be appropriate to 
utilize WFI or an alternate, high pharma
ceutical quality water for preparation of 
the growth media depending upon the nature 
of the product and its subsequent handling 
(1989, 39-40). 

Using uncontrolled water such as that from city or well water 

without subsequent treatment is not considered acceptable in 

many of the manufacturing areas. 
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Hill and Beatrice (1989, 40) go on to point out the 

fact that water for injection systems should be designed so 

they can be easily sanitized both after construction and after 

routine maintenance. Usually the system is designed so that 

the potable water coming into the plant is pretreated by the 

use of carbon filters and deionization. After proper purifi

cation by reverse osmosis or by distillation, the water is 

usually stored and supplied to the production areas by means 

of a hot loop circulation system where the water is maintained 

at 80 degrees C in both the loop and in the storage tanks. 

Where ambient temperature water is required, water can be 

passed through suitable heat exchangers, which cool the WFI, 

or a well-controlled secondary cold (ambient temperature) loop 

may be incorporated. 

316L or similar quality polished stainless 
steel should be used for all piping and 
holding tanks to minimize potential corro
sive problems. Frequent monitoring of all 
WFI points for use for microorganisms and 
endotoxins is essential, especially on days 
of use (Hill and Beatrice, 1989, 40). 

4.5.12.2 Air 

4.5.12.2.1 Air: Flow and Pressure. Hill and Beatrice 

(1989, 38) discuss the critical importance of air flow and air 

pressure boundaries in providing an effective containment 

barrier. The areas with the highest potential for emitting 
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contamination should be maintained at a lower pressure than 

less potentially contaminated areas (including public or 

uncontrolled areas). "This effectively provides a negative 

pressure system during product manufacturing as compared to a 

clean room operation for aseptic filling of final containers 

where a positive pressure must be maintained (Hill and 

Beatrice, 1989, 38)." They go on to say that certain opera

tions performed in a negative pressure production area need to 

be performed under a properly classified biological safety 

cabinet. An example would be inoculation of genetically 

engineered microorganisms which "should be performed under a 

validated biological safety cabinet providing Class 100 (per 

cubic foot particle count of no more than 100 in size range of 

0.5 micrometers and larger) laminar flow air (Hill and 

Beatrice, 1989, 38)." 

As can be seen, there is a natural break between the 

fermentation/recovery operation, which generally takes place 

in a more negatively pressured area and the purification 

operation, which generally takes place in a more positively 

pressured area. The most important break, however, is between 

the fermentation/recovery/purification phases and the finish

ing operations which require the cleanest conditions and 

therefore the most positive pressures. This is an important 

reason for locating these finishing (final filling/packaging) 

operations in separate buildings. 
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4.5.12.2.2 Air: Particulate Control. Hill and Beatrice also 

discuss the importance in controlling the particulates in the 

air, both viable (living) and nonviable (nonliving) in the 

production and purification areas. Since particulates may 

enter and contaminate the production process, the particles 

which are present must be reduced in both size and number. 

This can be done through high efficiency particulate air 

filters (HEPA filters); here the air, having a sufficient 

velocity, sweeps particulate matter away and thereby reduces 

potential contamination by dilution. Hill and Beatrice state 

that an air flow sufficient to achieve at least 20 air changes 

per hour is normally acceptable; if, however potentially 

hazardous substances are involved in the production process, 

if high levels of particulates are generated by the operations 

or if laminar flow is disrupted by equipment configurations, 

the number of air changes may need to be increased to 30, 40 

or 50 air changes per hour. 

Rooms used for inoculum preparation, fer
mentation, harvesting and purification 
should normally be on separate air handling 
systems and may require negative air pres
sure in relation to adjacent areas of the 
production facility (Hill and Beatrice, 
1989, 39). 

They go on to say: 

All rooms in strict containment areas 
should have single pass HEPA filtered inlet 
and outlet air. Outlet or exhaust air must 
be filtered to minimize potential contami
nants from being discharged to the outside 
environment (Hill and Beatrice, 1989, 39). 
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If a portion of the production or especially the purification 

process is conducted in an open system where the product is 

exposed to the plant environmental air, the procedure should 

be conducted under Class 100 air (Hill and Beatrice, 

1989, 39). 

The heating ventilation and air conditioning system 

represents one of the major costs in the construction of the 

manufacturing facility, and therefore it should be properly 

designed and balanced. Air purity, air flow, air pressure 

differentials (see 4.5.12.2.1 Air: Flow and Pressure). air 

changes, relative humidity and temperature control are all key 

elements in the biotechnology manufacturing plant design. 

Many of the firms visited mentioned the air quality system as 

one of the most important manufacturing issues, second only to 

the quality of water. 

4.5.12.3 Other 

Other very important service issues which are 

critical to the manufacturing operation, such as clean-in-

place systems and waste systems (see 4.5.11.1.7 Fermentation 

Area) must be addressed when designing the manufacturing 

facility. The above discussion serves only as a starting 

point for further study. 
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4.6 FINISHING FACILITY 

The finishing or final filling/packaging operations 

generally take place in a separate facility. Here the 

purified product is taken through the final production phases 

under conditions of extreme cleanliness. The product is 

generally received in this area from purification and is 

formulated (proper dose concentrations are created). The 

product then, depending on the circumstance, undergoes such 

operations as filling (where it is put into bottles), lyoph-

ilization (where it is freeze-dried), capping, labeling and 

packaging. 

Many biotechnology companies do not have their own 

large-scale finishing facilities; large scale final filling 

and packaging functions are very often performed off site by 

outside companies because of the substantial costs incurred in 

building such a facility. All of the companies visited have 

small operations which perform these functions, for example, 

as needed for clinical research; yet, only one of the biotech

nology facilities visited has a large-scale on-site finishing 

facility. In this case the construction of this building was 

only being completed at the time of the site visit, and it was 

not yet in full operation. 

An important consideration in the finishing facility 

relates to cleanliness standards, which are extremely high. 

It is imperative that the purified product be kept clean. 
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Attention to such factors as the circulation flow of the 

product, of the support functions, of the equipment, of air 

and of people is critical. Many of these issues were men

tioned previously in connection with the manufacturing 

facility (see 4.5.3 Material Flow. 4.5.5 Human Circulation. 

and 4.5.12 Manufacturing Services). 

4.6.1 Product Flow 

The product flow, in the large-scale finishing 

facility observed, can be described in terms of refrigerated 

storage, formulation, filling, stoppering, traying, freeze-

drying, capping, visual inspection, labeling and packaging, 

and transfer to the warehouse. The flow of the functions 

which support the product process, or the support flow, 

progresses through the stage glass area, glass inspection 

area, and glassware wash area; from here the glass 

bottles/vials are received in the filling area along with the 

product and, once filled, progress with it through the 

subsequent operations (Figure 44). 

4.6.2 Process Spaces 

The spaces observed in the biotechnology finishing 

facility visited will be briefly mentioned below. First is 

the refrigerated/frozen storage area. Here the purified 

product is received from final purification and is maintained 
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at a certain temperature depending on the product. Washable 

surfaces including epoxy floors were noted in this area. 

Second is the formulation area. Here the product arrives from 

cold storage and is blended with buffers to create proper dose 

concentrations. The pH is adjusted and stabilized. Opera

tions are performed in closed systems. The air cleanliness is 

Class 10,000; the room has positive air pressure. Services 

include a clean-in-place (CIP) system, sterile air, water for 

injection (WFI) USP grade, neutralization system and two 

grades of steam. The formulation area has smooth surfaces 

such as epoxy flooring and walls and a hard ceiling. Third is 

the stage glass area where glass is received from the GMP 

warehouse (where Good Manufacturing Practices in accordance 

with the FDA approval process are observed). The stage glass 

area is Class 100,000 in the facility observed. Next is the 

glass inspection area where glass is visually inspected for 

flaws. The bottles are placed on a conveyor belt. The room 

is clean but does not need a HEPA filter. Fifth is the 

glassware wash area. Here the bottles are washed, sterilized 

and continue on the conveyor. The room has smooth surfaces 

and a hard ceiling. Sixth is the filling area. Here empty 

vials are received on the conveyor from the glassware wash 

area and the formulated product is received from formulation. 

The vials are automatically loaded into a fill station; 

stoppers are partially inserted. The room has a hard ceiling 
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and epoxy paint on the walls. There is a full HEPA ceiling 

over the conveyor and fill station. The cleanliness classifi

cation is Class 1,000 for the room and Class 100 in the fill 

station. The air is sterile; air pressure is double positive. 

Air return is in the wall. Next is the traying room. Here 

trays are steam sterilized in a Lyovac GT sterilizer which is 

pressure rated for 15 pounds of steam at vacuum. Eighth is 

the freeze-dry room where lyophilization or freeze-drying, 

takes place. This room also has double-positive air pressure. 

The filled vials are placed inside the Leybold freeze-drier. 

There is direct vial/shelf contact. Water is driven off and 

stoppers are fully inserted. The room is Class 10,000. The 

air is sterile. Nitrogen may be used for vial backfill. Next 

is the capping station where an aluminum overcap is added. 

The room has smooth surfaces and a hard ceiling. The core 

area is Class 100, and the room is Class 10,000; however, this 

is not always necessary. The room has positive air pressure. 

The capped vials continue on the conveyor to the next area, 

visual inspection. Here the room is Class 10,000; however, 

this is also not always necessary. This is the final in

spection and the room has positive air pressure. Next, in the 

packaging/labeling area, the vials are put into cartons. This 

area also has positive air pressure. Finally, the cartons are 

palletized, and the product is transferred to the GMP ware

house. Other spaces present in this facility include gowning 
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rooms, rest rooms, visitor observation area where visitors may 

observe the conveyor process from a glass enclosure, storage 

areas and staging areas. 

4.7 WAREHOUSING FACILITY 

Warehousing plays an important role in the operations 

of the biotechnology company. Warehousing facilities vary 

between institutions; some biotechnology companies basically 

use one centralized warehouse and others use a greater number 

of warehouses, each of which is specialized and geared to the 

specific operations/biotechnology phases which it supports. 

Variations depend on many factors including the physical 

layout of the company (and the location of operations which 

must be served), the production process, and the actual 

products which are produced. Some of the actual functions 

observed in various biotechnology warehouse facilities include 

receiving, raw material quarantine, release, staging (dispens

ing raw materials), weighing, storage functions (cold and 

ambient), maintenance, delivery, distribution and general 

support (administrative, common and building). Warehousing is 

necessary for almost all aspects of the biotechnology opera

tion including research, animal testing, development/scale-

up/pilot operations, manufacturing and finishing. 

Warehousing operations for the biotechnology facility 

resemble traditional warehousing operations needed in other 
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facilities. A discussion of some basic operations and of 

common warehousing features is provided by De Chiara and 

Callender (1980, 1038-1044). The generic warehouse facility 

needs to accommodate such operations as receiving (acceptance 

of goods with a degree of accountability), storage (safekeep

ing) , delivery (transfer of goods), and distribution (prepara

tion and delivery of goods according to plan or special order) 

(De Chiara and Callender, 1980, 1038). The authors go on to 

say that warehousing has progressed in recent years toward 

emphasis on maximizing the use of the cube as opposed to the 

number of square feet of warehouse space, on distribution 

rather than storage and on power handling equipment rather 

than on hand labor. 

High stacking, with minimum use of aisles, 
is the keynote of maximum 'cube' utiliza
tion. Modern warehouse design generally 
includes clear spans ranging from 60 to 
100 ft., roof elevation sufficient to allow 
18 to 20 ft. (and higher) stacking height, 
and shipping and receiving areas located at 
... truck level (De Chiara and Callender, 
1980, 1038). 

Some of the warehouse features which seem particular

ly applicable to the biotechnology facility will be mentioned 

below. First of all, the warehouse is generally a separate 

building; however, ideally, it is close to or connected to the 

building/area which it serves, especially the manufacturing 

area. Second, the issue of security is important and control 

of those entering and leaving should be a priority. Third, 
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the biotechnology warehouse generally needs to be climate 

controlled, given the nature of the biotechnology product and 

of many of the materials used in the processes. Temperatures 

should reflect the needs of the particular product and 

materials. Often general climate control of 65 to 75 degrees 

F and the use of refrigerated areas kept at just above 

freezing is adequate, although temperatures vary with the 

product and process requirements. Fourth, it is generally 

recommended that ideally a minimum of a two-weeks' supply be 

maintained for all the materials needed for the various 

production phases. Fifth, spare parts must be kept on hand 

and readily available for on-site equipment maintenance since 

ordering parts for much of the equipment can take several 

months. On-site spare parts are necessary in case of equip

ment breakdown and can be stored in a dedicated area of the 

warehouse. Sixth, generally there is a degree of latitude 

concerning the organization of materials, which varies between 

institutions, such as organization by procedure or by type of 

material; however, once a plan has been decided upon and 

specified, it is necessary to closely adhere to the rules, 

whatever they are. In one of the facilities visited, for 

example, the warehouse organization of materials related to 

the manufacturing process falls into two areas — those in 

quarantine and those which have been released. The quarantine 

materials in this facility are usually sampled at random and 
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sent to quality assurance in accordance with strict regula

tions. Ideally, locating the quality assurance/quality 

control group at the production and warehouse sites would cut 

down on time spent transporting materials. Released materials 

in this same facility are those which have been approved; 

after approval, a release sticker is placed over the quaran

tine sticker with an expiration date showing the last date the 

material can be used. Once the release sticker is on the 

material, it may be used. The major areas within the ware

house are clearly designated as release and quarantine, in 

accordance with the above procedure. Conformance to GMP (Good 

Manufacturing Practices) standards is implicit. Good Manufac

turing Practices, as spelled out in the Code of Federal 

Regulations, are regulations specified by the FDA which are a 

necessary part of the approval and licensing process. 

Seventh, the biotechnology warehouse facility must be kept 

clean. It is essential that pest and insect control be 

maintained. Methods observed include traps and spray programs 

(such as fogging systems to control flying insects). Use of 

materials which are durable and easy to clean is recommended, 

such as sealed concrete floors. Storage shelving was observed 

as being kept off the floor a few inches to keep materials 

clean and to protect against water. Finally, where appro

priate and where the product permits, flexibility is desired 

in the warehousing facility; as the biotechnology company 
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changes, the warehousing operations must be able to accommo

date expanding and changing needs. As one of the biotech

nology firms pointed out, warehousing and shipping spaces are 

often left- over spaces, the first to be eliminated and the 

last to be planned. The demand in warehousing is dynamic. It 

is very difficult to plan ahead; heavy and slow periods are 

unpredictable. Flexibility of layout and equipment helps to 

address these problems; the use of pallets, large pallet 

racks, bins and/or shelves is recommended, as is provision for 

two-way operation over the same platform for shipping and 

receiving areas and the provision for passage of materials and 

equipment in both directions in the main aisles of the 

warehouse. Fork trucks appear to be widely used because of 

their adaptability in using a variety of attachments for 

special purpose handling and changing needs. 

One of the more mature biotechnology companies 

visited has a specific GMP warehouse which actually consists 

of two warehouse areas each of which have HVAC systems which 

are independent of one another, Warehouse Area I and 

Warehouse Area II. Warehouse Area I consists of three spaces. 

The first is a separate fenced space where materials are re

ceived and inspected. Some materials, such as glass bottles, 

go to quality control (QC) or to a storage space before they 

are sent to the finishing facility. Other materials go from 

this space to the quarantine area. The second space is the 
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quarantine area which is another separate fenced area where 

the materials are received from the above mentioned area, go 

to and from QC, and are either rejected or released to the 

third space, warehouse by lot. This is another separate 

fenced space where released materials are received and stored 

by lot before going to manufacturing. Warehouse Area II is 

separated from Warehouse Area I by a 12 to 15 ft. fence. In 

this company, the final bottled product, which has been 

palletized, is received in Warehouse Area II from the finish

ing facility. The pallets are wrapped and the product goes on 

test (refrigerated to 5 degrees C), awaiting orders for 

shipment and distribution. 

In another facility visited, the product leaves the 

production facility in a filled syringe and goes to warehous

ing (cold storage) . From there it goes to packaging and 

labeling which, in this facility, is a manual process. Then 

it returns to cold storage and from there goes to the distri

bution center which is a large warehouse space and huge cold 

storage area. Quarantine testing takes twenty-one days (total 

time) after manufacturing. It can be done at any stage of the 

warehousing process and can overlap with the other warehouse 

functions mentioned above. 
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4.8 GENERAL SUPPORT SPACES 

General support spaces serve the entire biotechnology 

facility. These spaces include administrative, community and 

building support spaces. Initially, when the company is 

starting, these spaces are relatively simple and few in number 

and in type. They may include, for example, a few such spaces 

as administrative offices and restrooms. As the company 

matures and new operations are added, these spaces become more 

complex, numerous, and specialized; for example, they may 

include such spaces as exercise rooms and child care facili

ties. 

4.8.1 Administrative Spaces 

Administrative spaces are those which are involved 

with the management, control, and supervisory functions of the 

biotechnology facility. These functions serve to oversee, 

look after, direct and guide the company. Payette Associates 

(1989) recommends 10 to 50 sf administrative space per 

laboratory bench in a typical biotechnology research laborato

ry facility which would probably correspond to a young start

up biotechnology company. Administrative spaces include those 

needed for finance, marketing/sales, human resources/person

nel, employee support, corporate development, regulatory 

affairs, legal issues, computer science, data processing and 

office support spaces such as rest rooms and conference rooms. 
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Administrative spaces are mostly comprised of offices. 

Depending upon requirements of the occupants, space alloca

tions of 100 to 300 sf for private offices, 150 to 400 sf for 

semiprivate offices occupied by two or more people, and open-

area work stations which generally fall into a range between 

50 and 100 sf are common (Memoli, 1980, 781). Generally, 

100 sf is the minimum size for an office using full height 

partitions. Administrative spaces should accommodate the 

needs which are required for the normal office functions which 

must take place and for occasional visitors. Space is needed 

for desks, chairs, bookshelves, files, storage and general 

office equipment. 

4.8.2 Community Spaces 

Community spaces are generally shared, common spaces 

provided for the benefit and well-being of the employees and 

include general meeting spaces where professional interaction 

and communication take place (see 5.2.1 Social Environment). 

It is believed by many that the inclusion of the informal 

meeting areas is a critical aspect leading to the success of 

the biotechnology company; even though some clients may feel 

these spaces are unnecessary, they should be included as an 

integral part of the biotechnology operation (see 5.2 HUMAN 

ISSUES). Centrality of location, ease of access and, in many 

cases, having only one of a particular type of space are ways 
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of promoting more frequent use of community spaces. Payette 

Associates (1989) recommends 7 to 50 sf community space per 

laboratory bench in a typical biotechnology research labora

tory facility which, it appears, would resemble a young 

biotechnology company. 

Community spaces include such areas as the recep

tion/waiting area, lunchroom/cafeteria, kitchen, exer

cise/recreation area, lounge, first aid station, locker 

rooms/showers, restrooms, child care area, patio and outdoor 

sitting areas, conversation alcoves off corridors, and 

continuing education facilities such as a resource 

library/journal room, conference room, seminar room and/or 

auditorium. 

Space allowances for these areas vary and must be 

sized according to individual company needs. However, typical 

space allowances of some of the more common areas are men

tioned below and are based on a discussion by Gould (1986, 29-

31) . In the reception/waiting room 15 sf per person for 

seating, exclusive of aisles passing through the area, is 

common; 75 sf is recommended for the reception desk if there 

is only one person, and additional desk or counter space is 

required for signing-in and signing-out procedures. Space 

needs for the lunchroom can be estimated by allocating 20 sf 

per seat for rooms with capacities up to 15 persons, and 15 sf 

per seat for rooms with capacities of 15 to 50 persons; 
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allowance of 50 to 100 sf is common for vending machines 

and/or refrigerators, sinks and warming ovens. Total utiliza

tion of a cafeteria serving meals can be estimated within a 

range of 55 to 75 percent of the building population; the 

number of persons served per shift plus 10 percent can 

determine the number of seats at 20 sf per seat; 3.2 sf per 

number of persons served is a common figure for the kitchen 

and related facilities. The resource library/journal room may 

range in size from a small space with no librarian, or a part-

time one, to a complete library of several thousand volumes 

and a full-time staff; recommended space allocation is 1 sf 

for every 10 volumes in the stack area, 25 sf for each reader 

station, and 30 percent of the total stack and reader space 

for ancillary space such as offices, circulation, desk and 

catalog areas. Conference and seminar rooms with capacities 

of 6 or less may consist of 150 sf; for capacities of 6 to 20, 

20 sf per person is common, and for capacities of 20 to 30, 

18 sf per person is a common figure. If extensive audio

visual presentations are to be made, room size may need to be 

increased. For the child care facility, local ordinances 

dictate the space allotted per child, number of children per 

room and special requirements to be provided. Other space 

allowances depend entirely on the individual needs of the 

company. 
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4.8.3 Building Support Spaces 

Building support spaces are those which are needed to 

support the facility itself in terms of the services which 

must be provided. Payette Associates (1989) recommends 15 to 

40 sf building support space per laboratory bench for a 

typical biotechnology research laboratory building which, it 

appears, resembles a young biotechnology company. Spaces 

include storage and stockroom areas such as those needed for 

shipping and receiving, quarantine materials, released mater

ials, gas cylinders, flammable solvents, chemicals, waste 

isotopes, and hazardous waste. Other areas include those 

needed for utilities, mechanical and electrical equipment. 

Maintenance areas are also necessary such as maintenance 

shops, housekeeping closets, janitor equipment storage, spare 

parts storage and trash collection. Various offices related 

to the management of the building support functions are needed 

as well. 

4.9 COSTS 

Even though there is disagreement as to the exact 

figures, the cost of taking a biotechnology product from the 

test tube to the marketplace is staggering. One of the 

biotechnology companies studied gave a figure of $85 million 

as being the average cost of getting a product to market. 

Michael Waldholz (1990) claims, however, that officials at 
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U.S. pharmaceutical companies give a higher figure of around 

$125 million for taking a drug to market. Waldholz goes on to 

say that this figure is based on an academic study sponsored 

by drug makers in the late 1970s; here the total research and 

development costs were added and divided by the number of 

drugs produced. At the time of the study, the total cost was 

$80 million but the amount was updated a few years ago to $125 

million by adding inflation costs. According to Waldholz, the 

current figure is expected to be expanded to $200 million. He 

mentions an, evaluation by the economist, Henry Grabowski of 

Duke University and others, where it was pointed out that 

today, drug discovery requires larger up-front investments in 

basic science; currently drugs are designed from the very 

beginning for a specific purpose, whereas in the past, they 

were produced less expensively and more as a result of a "hit-

or-miss" system (Waldholz, 1990). Substantial costs which are 

incurred at various developmental stages of the company have 

been mentioned in this study as have been some of the methods 

which the biotechnology company uses to raise these funds (see 

3.6.2 Fund Raising). 

The actual building costs of the various biotechnolo

gy facilities vary between institutions, between buildings (or 

wings in buildings) which house different stages in the 

biotechnology process, and between facilities where there are 

different products and processes which might actually be in 
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the same developmental stage. A common attribute is, however, 

that the building (and operating) costs are very high. 

In the companies visited, building cost estimates for 

the laboratories seem to fall into a range between $150/sf and 

$250/sf, most of the companies giving the cost figure of $200 

to $250/sf. This generally includes everything needed to make 

the laboratory operable (turnkey without equipment) . The 

figure includes such items as architectural fees, permits, 

project costs, refrigerators and casework. One company, which 

installed laboratories in existing buildings, has paid an 

average of $220 to $230/sf for tenant improvements in these 

laboratories; this company feels it would have been less 

expensive to have built an entirely new laboratory building. 

According to a major casework manufacturing representative, 

ball park figures for laboratory casework currently fall into 

an average range between $315 and $400 per linear ft. for a 

wall unit (functional and installed). This includes average 

figures of $125 to $200 per linear ft. for a 22 in. deep base 

cabinet, $90 to $100 per linear ft. for a 30 or 31 in. deep, 

1% in. thick black epoxy counter top, and $100 per linear ft. 

for a wall cabinet. In the case of center island or peninsu

lar units, which are usually 54 or 60 in. deep (including the 

plumbing chase), the wall unit prices are doubled. Costs 

vary, of course, depending upon the actual casework selection. 

Chemical fume hood/cabinet combinations average $1,000 per 
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linear ft. which includes the set-in-place cost, but not the 

connected cost. 

Other building cost estimates relate to the animal, 

pilot, manufacturing and finishing facilities. A figure given 

for the cost of an animal facility is $400/sf. The scale-

up/pilot facility cost was also quoted by some of the firms 

visited at around $400/sf. The manufacturing facility cost 

seems to vary. One company gave a figure of $500/sf, which it 

considers to be an average cost and includes the manufacturing 

facility plus equipment. One firm pointed out the fact that 

validation of the manufacturing facility can be 10 to 20 per

cent of the construction cost. This same firm mentioned a 

minimum cost of $30 million to develop even a minor manufac

turing facility. Another firm has just completed a more 

expensive manufacturing facility which cost $l,000/sf; this 

figure includes equipment, which was estimated as costing 

around five times the cost of the actual building structure 

and shell. It must be noted that this building utilizes an 

extensive interior structural system whereby equipment hangs 

from the structure as opposed to resting on the floor. The 

large-scale finishing facility appears to be the most expen

sive building of all according to most sources. One company 

describes the probable cost of the production area in this 

facility as being around $l,000/sf (or more) with the adminis

trative areas being less. The major expense in this facility 
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consists not of the building shell but of the contents 

(equipment and systems) in the building. A cost ratio of 1:40 

(building shell for the finishing facility to completed 

building with contents) was quoted by one of the firms. It 

was pointed out, however, that an average figure would 

probably be closer to a ratio of 1:30 (building shell to 

completed building with contents). 
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5. PROGRAMMATIC ISSUES 

In addition to understanding the emerging biotechnol

ogy industry, what it does, and the complex physical require

ments/spaces it demands, the understanding of less tangible 

issues is of critical importance in the creation of a well 

designed facility. They represent opinions, viewpoints, 

principles and standards which comprise the philosophies of 

those familiar with the problems and concerns involved in the 

architectural design of a biotechnology facility. These 

programmatic issues arise over and over again in discussions, 

and in the literature, and are considered by those interviewed 

to be very important concerns which relate to the design of 

facilities for biotechnology. Since each of these could be 

the subject of a study in itself, the following discussion is 

in no way comprehensive, but rather serves to alert one to 

important areas which may warrant further study. 

5.1 SAFETY ISSUES 

Those interviewed in the companies visited believe 

safety is one of the most important issues, if not the most 

important issue to be considered when designing a biotechnolo

gy facility. In all of these companies, safety practices are 

inherent in the facility, its systems and equipment; in 

addition, supervision, enforcement and training through such 
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measures as safety awareness programs (believed to promote 

higher safety standards) are in great evidence. It was 

mentioned that employees are trained in safety procedures from 

the moment they first begin employment. It is generally found 

that people are inherently careful when they are well trained, 

and that if a company has safety oriented people, it will be 

a safe place to work. Further evidence of the high priority 

placed on the issue of safety is illustrated by the fact that 

in all of these facilities, the required safety standards 

appear to have been exceeded in many areas. 

The biotechnology institution is fraught with high 

potential risk factors. Human life, health and welfare as 

well as the complete integrity of the product are at stake. 

Facilities must comply with stringent safety procedures, 

standards and regulations (see 3.9 REGULATORY ISSUES). 

Potential dangers from toxic spills, biological contamination, 

fire, explosion, exposure to radiation, poor safety standards 

and procedures and vandalism, to name only some, are substan

tial. 

As stated by the California Department of Commerce 

(1989, 3) , most microorganisms are ordinarily harmless and can 

be handled without risk. Some microorganisms, however, do 

cause disease or economic damage, and precautions appropriate 

to the threat must be used when handling them. Almost any 

microorganism has at least the potential to do harm if certain 
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conditions are present; therefore, informed judgement, common 

sense, and good microbiological practice must be routinely 

used when handling all microorganisms. According to the 

California State Department of Commerce, the keys to safe 

handling of microorganisms are proper training, proper 

supervision, enforcement of appropriate safety policies, 

availability and use of safety equipment and, of course, an 

appropriately designed facility. 

Basic conditions exist which must be clearly under

stood as they apply to the safety philosophy of the biotech

nology institution. One is the "clean" condition where the 

sample, nutrient or product is protected from contamination. 

Here, protection of the product from contamination from such 

sources as the employee, other pollutants and the environment 

is necessary. The other condition is the "toxic" condition 

where the employee, others involved directly or indirectly 

with the biotechnology facility, other materials and products 

and the environment, are all protected from the sample, 

product or other potentially harmful materials which are 

involved in the creation of the product. These potentially 

harmful substances may be contained within the facility, or 

released into the environment either accidentally or inten

tionally. The specific ways in which the companies/institu

tions prioritize these safety issues vary and generally repre

sent their beliefs concerning the dangers of the potential 
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risks involved (see 5.1.3.1 Conflicting Views). Yet, even 

though beliefs appear to differ in terms of degrees and 

sources of potential danger, in all of the firms visited, 

human safety remains the highest design priority. 

Because of the pursuit of and adherence to unusually 

high safety standards by these companies, it is generally 

believed by institutional spokesmen that biotechnology, as 

their firms practice it, does not pose a threat to human, 

product or environmental safety. It appears to be a commonly 

held belief among those visited in the biotechnology industry 

that the public doesn't completely understand biotechnology 

and therefore thinks it is not as safe as it actually is. In 

other words, most of the public's fears are thought to be 

unfounded. 

5.1.1 Human/Occupational Safety 

As one firm stated and most implied, a company cannot 

have a priority much higher than that of the well-being of its 

employees. Extensive provisions must be made which require 

great understanding of the complex aspects of human safety in 

the biotechnology facility. Methods for providing human and 

occupational safety are considerable and there is not space to 

mention them all. Some have been discussed earlier throughout 

this report and other significant ones will be mentioned 

below. 
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5.1.1.1 Fire Protection 

It is important to be aware of fire protection and 

suppression measures as they apply to materials of construc

tion, building form and mechanical and electrical systems. 

Potential hazards as well as the fire rating of building 

components must be clearly understood. Fire detection and 

suppression methods must be in place. Generally, the facili

ties visited are equipped with sprinkler systems, thought by 

many to be the best method of control. 

5.1.1.2 Egress 

Egress is very important from the laboratory (see 

4.2.2.3.3.1 Clarity of Aisle/Bench Layout), other rooms and 

from the building itself. Principles of hazard zoning must be 

clearly observed as they apply to insure the safety of the 

laboratory worker (see 4.2.2.3.3.2 Hazard Zoning). In the 

laboratory this involves a layering of zones; sources of the 

greatest potential hazard (such as the fume hood) should be 

located farthest from the primary exit and the least hazardous 

or safest activities (such as desk activities) placed next to 

and closest to the exit. 

5.1.1.3 Safety Equipment 

The importance of safety equipment in the laboratory 

must not be underestimated. In addition to the fume hood, 
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which will be discussed below (see 5.1.1.4 Fume Hood), there 

should be an organized safety station equipped with a fire 

extinguisher, emergency deluge shower, spill kit, safety 

glasses, protective garments, oxygen and fire blanket. It 

should be located at a spot near egress at the laboratory 

exit. It is recommended that someone be in charge of the 

laboratory safety station to monitor it. In addition, an 

emergency eyewash should be located at the sink or at another 

readily accessible area in the laboratory (DiBerardinis, 1987, 

79) . 

5.1.1.4 Fume Hood 

Separate mention must be made of a very important 

safety feature, the fume hood, which is regarded by the 

laboratory worker as his or her principal and all purpose 

safety device (DiBerardinis et al., 1987, 231). It prevents 

exposure to toxic or flammable vapors or gases, can also serve 

to protect the worker from splashes, explosions or fire, and 

can contain accidental chemical spills. It should, however, 

be regarded as a backup safety device and not as a means of 

disposal of chemicals. The hood provides a locally enclosed 

and ventilated environment for the researcher. It captures 

the offending gas (or fumes) by an exhaust air stream, entraps 

it, and carries it away. The flow of air is critical; the 

scientist is protected by the face velocity of the air flow 



300 

into the hood. Generally, 100 fpm is an acceptable average 

for face velocity of most hoods. The hood should be located 

away from drafts, egress, and circulation paths. 

There are many different types of hood depending on 

specific needs and the degree of danger to the health of the 

research scientist. There are chemical fume hoods, such as 

the bypass chemical fume hood, which is the most widely used 

type of laboratory hood (DiBerardinis et al., 1987, 232); 

others include the radioisotope hood for iodination, the 

perchloric acid hood for perchloric acid digestion, the walk-

in fume hood for accommodating tall equipment, the distilla

tion fume hood for distillation and the auxiliary fume hood 

for minimizing the use of conditioned air (Ruys, 1990, 333-

335) (see 5.9.2 Use of Fume Hood in Energy Conservation) . 

There are also nonchemical fume hoods such as biological 

safety cabinets which are special hoods for various degrees of 

safety performance in NIH containment room categories (Loring 

and Goodman, 1986, 80). They are divided into three classifi

cations: Class I and Class II cabinets are used for work 

involving low- to moderate-risk biological agents, and 

Class III cabinets are used for work with high-risk biological 

agents (Eagleson, 1990, 304). Class I cabinets are designed 

to protect the personnel and the environment from contaminants 

within the hood but not the product from contamination from 

dirty room air; Class II and III cabinets are designed to 
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protect personnel, the environment and the product from 

contaminants (Eagleson, 1990, 304-316). Biological safety 

cabinets have been widely used with recombinant DNA research 

(DiBerardinis et al., 1987, 71). Other nonchemical fume hoods 

include the canopy hood for use over equipment to capture 

heat, moisture and odors (Ruys, 1990, 333), the laminar flow 

cabinet for worker and product protection from airborne 

particles and the glove box for very hazardous material 

handling where the interior of the box is isolated from the 

surrounding environment. There are many other types of hood. 

For a more complete discussion consult DiBerardinis et al. 

(1987, 231-252), Eagleson (1990, 303-331), Loring and Goodman 

(1986, 77-85) and Ruys (1990, 331-349). 

5.1.1.5 Biological Containment 

The issue of biological containment is based on the 

degree of assumed risk associated with acquiring an infection 

or exposing others while handling microorganisms or materials 

that might contain them. Four biosafety categories based on 

assumed risk appear in the NIH Guidelines for both the 

laboratory and the large scale manufacturing plant (see 

3.9.2.1 National Institutes of Health (NIH), 4.2.2.2.2 

Biosafetv Laboratories and 4.5.2 Containment). 



302 

5.1.1.6 Air Management 

Proper air management is critically important to the 

welfare of the biotechnology employee. Proper air pressures 

must be maintained (highest degree of positive pressure for 

cleanest rooms and lowest degree of negative pressure for most 

heavily contaminated areas). Recirculated air from contami

nated areas must be prohibited. Adequate ventilation and high 

efficiency filters are necessary. The use of air locks is 

important at entrances to certain areas (Gould, 1986, 58). 

5.1.1.7 Other Methods 

There are many more methods than those mentioned 

above, which are used to help insure the safety of the people 

who work inside the biotechnology facility. The building and 

its furnishings must be structurally safe. Cleanable, 

impervious finishes are necessary in maintaining sterile 

conditions. All personnel should receive appropriate train

ing/instructions in the safety procedures to be observed in 

the facility. The list could go on. In every aspect of the 

design of the biotechnology institution, decisions must be 

made regarding human safety. 

A general safety checklist is provided by Gould 

(1986, 58) which serves to list some important life safety 

considerations. It is not meant to be exhaustive (Table 4). 



Table 4. General Safety Checklist 

Consideration 

Floor area 

Location of building 

Height of building 

Shape of building 

Type of construction 

Number of occupants 
Number of stairs (normally minimum of 
two per story) 

Compartmentation by fire-rated partitions 
and doors 

Stair and corridor widths 

Length of dead-end corridors 
Length of travel to exit ways 
Number of doorways 

Size of doors 
Type and construction of doors 

Stair construction & details 

Roofs 

Possible Governing Factors 

Type of construction and hazard 
classif ication. 

Zoning restriction or required 
fire or blast separation. 

Zoning restriction. Requirements 
for sprinklers or standpipes. 

Locations of cores. Compartmen-
tation of areas. 

Required ratings. Fireproof rooms 
for storage of hazardous chem
icals, flammable liquids. 

Exitway facilities. 
Specified length of travel. 

Capacity/Unit of egress. 
Floor area. Hazards. Whether 
sprinkiering provided. 

Unit of egress and capacity. Doors 
swinging into corridors. 

Limited by codes. 
Limited by codes. 
Units of egress. Required second 
means of egress. 

Minimum sizes specified by code. 
Fire ratings. Code requirements 
for operation (self closing, auto
matic, etc.). Required vision panels. 

Code requirements for treads and risers, 
handrails, door swings, etc. 

Required ladders, stairs, enclosures. 
Roof parapet. Extension of hood 
exhausts. 



Table 4. General Safety Checklist (continued) 

Consideration 

Second means of egress (escape) within 
labs 

Arrangement of benches and equipment 
Provisions of typical unit labs 

HVAC system 
Automatic fire extinguishing system 

Fire standpipes (usually required for 
buildings over two stories) 

Detection and alarm systems 
General ventilation 

Location ventilation 

Fans, motors, and controls 

Electrical 

Possible Governing Factors 

Fume hood location. Hazard classifi
cation. Size of lab. 

Ready access to exit. 
Requirements for safety showers, 

eyecups, fire blankets. 
Provision of fire dampers in ducts. 
Hazard classification. Height of build

ing. Floor area. Reduction of damage 
due to water. Fire extinguishers. 

Building height. Building area. 

Provision of sprinklers. 
Location of intakes. Air distribution 
and pressures (to prevent airborne 
spread of flammables, explosives, or 
toxics). Duct materials and construc
tion. 

Location of hoods to avoid turbulence 
affecting hood efficiency. Hood face 
velocities. Capture velocities for 
local exhaust systems other than 
hoods. 

Special design depending on hazards 
(flammables, corrosives, explosives). 

Location of controls. Flame and 
explosion-proof lights and outlets. 

Source: after Gould, 1986, 58 
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5.1.2 Product Safety 

Product safety is strongly tied to the major purpose 

of the company, that of providing and marketing a product 

which meets impeccable standards. Product safety includes 

such procedures as those which prevent microbial contamina

tion, and insure the safeguarding of the product. However, 

biotechnology companies face a dilemma. The product must be 

kept clean, yet human safety and environmental containment 

appear to take precedence over product safety in almost all 

cases. 

5.1.2.1 Product Protection Measures 

In many cases there is overlap in the methods used 

for insuring product, human and environmental safety, such as 

in the use of Class II and III biological safety cabinets, as 

previously mentioned (see 5.1.1.4 Fume Hood). However, 

additional product protection measures are often necessary to 

prevent contaminants from entering the laboratory work areas 

and interfering with the research which is taking place. 

These may include such measures as the use of air locks at 

entries to certain areas, gowning/degowning areas, decontami

nation areas for personnel, laminar flow workbenches and the 

use of clean rooms (see 4.2.2.2.3 Clean Room Laboratories). 
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5.1.2.2 Critical Storage 

An issue related to product safety is that of 

critical storage. One company places critical storage as the 

second highest priority after human safety. It is maintained 

that excellent storage is absolutely essential for the highly 

prized production strains. The company should have at least 

two critical storage sites for the valuable production strains 

to guard against such catastrophes as fire and earthquake. 

Production strains are considered to be the company's crown 

jewels. 

5.1.2.3 Other Issues 

Other issues which relate to the safety of the 

product have been mentioned earlier, especially in the section 

on the manufacturing facility (4.5), since here, one of the 

major concerns is in preventing microbial contamination of the 

product (see 4.5.2 Containment. 4.5.3 Material Flow. 4.5.4 

Sterilization System. 4.5.5 Human Circulation. 4.5.6 Value of 

the Product. 4.5.8 Dedicated Versus Multiproduct Facility. 

4.5.10 Finishes/Materials. 4.5.12.1 Water, and 4.5.12.2 Air). 

5.1.3 Environmental Safety 

Environmental safety goes hand-in-hand with employee 

and product safety, and again, many of the same measures are 

used to protect the employee, the product and the environment. 
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For example, the Class II and III biological safety cabinets, 

in addition to protecting the researcher and the product from 

contaminants, offer environmental protection through the high 

efficiency particulate air (HEPA) filter in their exhaust 

systems which prevents aerosol contaminants from escaping into 

the environment (Eagleson, 1990, 305-316). Other commonly 

used environmental protection measures include the use of a 

kill system for inactivating biological waste material by 

sterilization (see 4.5.11.1.7 Fermentation Area). the use of 

neutralization for adjusting the pH of wastewater before 

releasing it to the sewer system, and the removal of hazardous 

chemical wastes to hazardous waste treatment or disposal 

facilities, to name only a few. 

It is important at this time to examine current views 

regarding environmental risks and consequences of genetic 

engineering, which are and have been the subject of much 

concern on the part of those from highly varied backgrounds. 

The issue is exceedingly difficult to address because of the 

wide disparity of opinion regarding actual risks and because 

of scarcity of information on the subject. Not only is it 

very difficult to predict what the hazards might be through 

standard tests, but... 

...it is difficult even to describe the 
kinds of tests or experiments that could 
lead a scientist to conclude with some 
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confidence that a particular genetically 
engineered organism posed little risk of 
great environmental harm (McGarity, 1985, 
45) . 

Some believe there is absolutely no hazard; others maintain 

the hazard is low and still others are convinced that it is 

high. Martin Alexander (1983, 115) discusses how scientists 

have been proponents of extremely polarized views, some being 

convinced that an environmental catastrophe is imminent and 

others that environmental risk can be described as nonexis

tent. The variations in opinions concerning potential risks 

were also observed in the firms visited. 

5.1.3.1 Conflicting Views 

Conflicting views on the issue of risks involved in 

genetic engineering will be discussed below. As pointed out 

by Alexander (1985, 59) , many of these varying hypotheses have 

been presented by responsible, capable scientists. 

First, some argue that modern genetic manipulations 

simply repeat what has previously taken place in nature. 

Since most of the new organisms produced by natural hereditary 

modification have not survived, it is believed that agents of 

natural selection are responsible for eliminating these 

organisms. It is therefore believed that these same agents or 

forces will also eliminate the genetically engineered organ

isms. Alexander goes on to mention the counter hypothesis 

that if one species were eliminated at an earlier time by 
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natural selection, the species which caused the elimination 

may very well have been destroyed in a subsequent period, 

meaning therefore that the mechanism of elimination may no 

longer exist. 

A second view also mentioned by Alexander (1985, 60) 

proposes that the DNA and enzymes needed for expression of the 

new traits added by the engineering represent additional 

baggage that puts the modified organism at a disadvantage; 

therefore the organism would fail to compete with and would be 

eliminated by species not so heavily burdened. An opposing 

view holds that genetic engineering can actually aid the new 

organism in coping with stresses of competition and in being 

more resistant to toxins, parasites and predators. 

In the third view mentioned by Alexander (1985, 60) 

some argue that since the difference between harmless and 

harmful organisms is so great, the probability of creating a 

harmful organism from the harmless species, which are the 

subject of most genetic engineering, is exceedingly small. 

Again there are those who counter this by citing well-docu-

mented instances where the differences between the harmful and 

harmless organisms are quite small and where small genetic 

modifications have led to and resulted in major deleterious 

effects on humans or agricultural crops. 

The fourth view described by Alexander relates to the 

way in which spokesmen on both sides of the debate on ecologi
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cal consequences use the literature of ecology to support 

their views. Ecologists often disagree with others who are 

not ecologists in their interpretation of this literature. 

The main subject here regards the issue of homeostasis in 

natural communities, where organisms not native to a community 

almost always fail to become a significant member of that 

community. Homeostatic factors are the various conditions 

which dictate this stability. Non-ecologists point to 

numerous cases of introduced species that failed to become a 

component of a natural community. Ecologists, however, who 

have studied the subject can "cite the many instances where an 

alien organism did gain a foothold, often doing major injury 

to other populations in the same habitat (Alexander, 1985, 

61)." Yet "ecologists are unable to predict which introduced 

species will become established and which will not, and it is 

often not possible to explain successes or failure after the 

fact (Alexander, 1985, 61)." 

Whereas variations in opinion concerning potential 

risks also exist among those in the firms visited, it general

ly appears that the company spokesmen interviewed believe that 

potential environmental damage by biotechnology companies is 

minimal, if not practically nonexistent. They feel the 

biotechnology industry as a whole, unlike the chemical 

processing plant or the electronic industry, is relative clean 

in terms of output. Whereas there are some nasty materials 
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used in biotechnology, they are used and/or produced in 

exceedingly small quantities. One company mentioned it 

disposes of only about a half a drum of solvents per month and 

that one half of this is water. Another company compared its 

waste output to that of the electronic semiconductor industry 

as minimal (as a barrel versus tons of waste). In reality, 

when microorganisms such as E. coli are used in biotechnology, 

the strains employed are so genetically disabled that they 

cannot survive in the environment (or even the gut) because 

they need special nutrients not readily available except in 

the test tube. This, combined with the fact that stringent 

safety practices are observed, leads many to the belief that 

perceived hazard exceeds actual hazard. 

5.1.3.2 Risks 

Clearly, there is uncertainty regarding the risks 

imposed by genetic engineering. Those who know how to use a 

certain technology are not necessarily equipped to evaluate 

its consequences (Alexander, 1985, 61) . In order to assess 

the risks of a new technology Alexander believes one must 

carefully and objectively evaluate the separate factors which 

may lead to an undesirable effect. He believes there are six 

of these significant factors. 

First is whether the organism will be released into 

the environment. If it is contained within the laboratory, or 
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in the manufacturing facility, there is no environmental risk. 

However, the probability of release is not zero since sealed 

systems sometimes leak, enclosed facilities sometimes have 

emissions and operations sometimes have defects. Alexander 

mentions in an earlier paper (1983, 116-117) that there are 

probably few facilities that have not ever had an accident 

even among the best facilities in the United States. It is 

pointed out that generally personnel working in university 

laboratories (in contrast to those in industry) are not as 

well trained for activities using hazardous organisms and/or 

are not as concerned about any potential problem. When people 

are not well trained in containment and do not seriously 

consider the risks involved, the probability of hazardous 

release of organisms is high. Alexander feels this attitude 

is high among basic researchers, many of whom are working in 

universities; this belief is supported by Payette Associates 

(1989) . In the case of agricultural applications where 

engineered microorganisms are deliberately introduced into 

soil, water and crops, release will be a fact. 

The second factor discussed by Alexander is the 

probability of survival of the organism once it has been 

released into the environment. It will probably do no harm if 

it cannot survive. In agricultural applications, released 

organisms are generally intended to survive long enough to 

accomplish their task. As mentioned earlier (see 5.1.3.1 
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Conflicting Views) , there is considerable evidence which shows 

that the belief that microorganisms do not persist in environ

ments in which they are not native, is contrary to fact. 

Alexander goes on to say that predicting the survival of an 

introduced organism is one of the most difficult problems in 

ecology (Alexander 1985, 62 and Olson, 1986, 58). 

Third, Alexander discusses the component of growth. 

Assuming the released organism survives, it must be determined 

whether or not it will grow and multiply. Probably the few 

organisms which endure will not be enough to do any harm. 

However, unwanted changes may occur if the organism multiplies 

and reac. as large numbers. Unfortunately, answers to the 

important question of which particular type will multiply are 

not available. 

The fourth component of risk discussed by Alexander 

is the determination of whether the organism will be dispersed 

and find a receptive environment. Will the species that is 

released, survives and multiplies be transported to a site 

where it may have an effect? He feels it is unlikely that the 

engineered organism will do harm in the environment where it 

was introduced: 

... because there is a low probability that 
vulnerable species will be present. The 
likelihood of a deleterious effect increas
es with dispersal of the engineered organ
ism, however, as it encounters more and 
more species, some of which might be vul
nerable to its effects. Thus, the microor
ganism added to a farmer's field to in
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crease crop production, the species 
deposited in water to destroy a pollutant, 
the engineered plant that is sown to give 
greater yields, or the species that escapes 
from a laboratory or fermentor and enters 
the surrounding air or sewage-treatment 
facility is not likely to have an apprecia
ble deleterious impact on health, agricul
ture, or natural ecosystems at that site. 
However, if the organism is disseminated to 
a distant, receptive site, such unwanted 
consequences may ensue. Distant dispersal 
is characteristic of uncounted species. 
Plant pollen may be transported many miles 
through the air, some microorganisms may be 
carried hundreds of miles by air or water 
currents or on living vectors, and animals 
have means of locomotion. Although 
epidemiologists, plant pathologists, ecolo-
gists, and others have performed consider
able research on dispersal, predictions of 
the likelihood of spread of species that 
have not been studied are usually highly 
tenuous (Alexander, 1985, 62-63). 

Fifth, Alexander discusses the factor of genetic 

transfer. If the genetically engineered organism transfers 

its new traits to another species, there can be ecological 

upsets. The basis of the harmful effects might include not 

only the organism but also the DNA as well. 

Sixth, Alexander mentions the component of whether 

the genetically engineered organism will be harmful. Poten

tial injury to humans must be examined. Additionally, effects 

on major crops, livestock and other species are important as 

well. Scientists disagree as to whether these assessments are 

possible. More research needs to be done in this area. 

Alexander concludes that the probability of a 

deleterious effect is the mathematical product of the proba
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bility of the release, survival, multiplication, dissemina

tion, transfer and actual harm (Table 5). Therefore the risk 

of genetic engineering is probably small. 

It is not possible at this time to predict 
— or (even for the nonbiased observer) to 
provide a convincing guess — as to how 
small is "small." Nevertheless, even if 
the risk is small, the consequences of an 
unlikely event could be enormous (Alexan
der, 1985, 64). 

Table 5. Probability of a Deleterious Effect from a Geneti
cally Engineered Organism 

PROBABILITY EVENT 

Px RELEASE — will the genetically engineered 
organism be released? 

P2 SURVIVAL — will it survive in natural 
environment? 

P3 MULTIPLICATION — will it proliferate? 

P4 DISSEMINATION — will it be dispersed to 
distant sites? 

P5 TRANSFER — will its genetic information be 
transferred to other species? 

P6 HARM — will the engineered organism be 
harmful? 

P = pi x P2 x P3 x P4 x P5 x P6 

Source: after Alexander, 1985, 63 
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5.2 HUMAN ISSUES 

Human issues play a large role in the advancement of 

scientific ideas and in the success of the entire biotechnolo

gy operation. In fact, in most of the companies visited it is 

believed that these issues should be among the highest 

priorities to be addressed in the design of the biotechnology 

facility. It is generally maintained that people are a 

biotechnology company's greatest asset. It is people who 

originally come up with the ideas and with the ways in which 

these ideas may ultimately be developed, produced, manufac

tured and marketed successfully. 

Many of those interviewed contend that a very special 

culture and environment is required to successfully recruit 

top people, to keep them and to help them flourish both 

creatively and productively. In almost every company/institu

tion visited there is universal concern for finding ways to 

promote and stimulate a special quality environment which will 

encourage and support individuals in their scientific pur

suits. How individuals or groups respond to their environment 

is of critical importance. There are psychological, social 

and physical needs of those who use the facility which must be 

satisfied if the facility is to be successful in providing all 

that it can in terms of a high quality, humane environment. 

There are also potential risks involved because of the fact 

that many companies start out but fewer succeed to the point 
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of becoming successful; if a company fails there is the 

question of what happens to the scientist. The risks the 

scientists face constitute one reason why they are offered 

high salaries (and often, stock options). The following 

discussion explores the environment as it applies to the user 

in terms of human needs, both social and physical. Since 

psychological needs are considered to be an integral part of 

both the social and the physical environment, coverage of them 

will be included in each of the two areas. 

5.2.1 Social Environment 

The social environment in the biotechnology facility 

is of critical importance. Such concepts as employee interac

tion, cohesiveness and morale are important to understand and 

promote. They are all interrelated and have a profound effect 

upon the psychological well being of the employee and in turn 

upon the resulting creativity and productivity displayed by 

those who are involved with the biotechnology operation. 

Interaction brings technical transfer and helps foster new 

ideas; at the same time seclusion and times when scientists 

can be alone give them an opportunity to study, read and 

write. Essentially a balance is needed between two kinds of 

spaces in addressing the social and intellectual needs of the 

scientist. Not only are spaces needed for introverted 

behavior of intense concentration and social isolation (see 



318 

4.2.4 Scientific Offices). but spaces are needed which will 

encourage social interaction and communication. The following 

discussion will concentrate on the social spaces. 

5.2.1.1 Autonomy of Researchers 

The biotechnology researcher has typically been given 

much autonomy on the job. This is partly because of the 

nature of the scientific research, which is often an individu

al, self-directed pursuit. It is also because a certain 

degree of autonomy and freedom has been used as a means of 

attracting scientific talent. However, even though scientists 

can be independent and inner-directed much of the time, as 

mentioned above, they need to interact with others involved 

with the same scientific pursuits, in different disciplines 

and in different aspects or stages of the same project. 

Science (even in academia) is no longer a completely isolated 

or autonomous activity. Because of the competition, biotech

nology must be practiced in teams with significant collabora

tion. It is true that the bench scientist often works alone 

or with a few others, but the ultimate project must be 

accomplished by a wider team. It has been noted that scien

tific success can often be attributed to stimulating talk and 

ultimate collaboration among researchers. 
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5.2.1.2 Interaction as a Deliberate Design Issue 

Interaction between scientists must be a conscious 

design issue if it is to be promoted successfully; it doesn't 

necessarily just happen since scientists, in the normal course 

of events, may find it difficult to talk to one another. 

Thought and effort on the part of the designer are needed in 

creating spaces which will encourage spontaneous discourse 

between scientists as they leave introverted pursuits of the 

laboratory and office from time to time. 

5.2.1.2.1 Amenities. Ways of promoting communication and 

interaction were discussed at almost all of the institutions 

visited. Creation of specific humanistic areas or meeting 

places is one way many of the companies address this issue. 

By deliberately providing such amenities as a cafeteria, 

outdoor eating area, courtyards, attractive circulation routes 

with alcoves for sitting and conversing (for work breaks and 

unscheduled meetings) intersecting loop corridors with common 

facilities and cores at intersections, recreational areas such 

as an exercise room, a library and meeting rooms, many of the 

companies visited have created spaces for, and encouraged 

interaction. Centrality of location and ease of accessibility 

to these spaces is important as well. Corridors which are 

wide enough to have alcoves so that people may stand or sit 

out of the flow of traffic encourage casual and/or purposeful 
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interaction. Seating arrangements which enable people to be 

at a comfortable distance from one another and which are 

appropriate for the time, place and nature of the interaction 

are desirable as well (Lang, 1987, 163). It is interesting to 

note that in a discussion concerning circulation, a five-foot 

corridor width was considered too narrow since people do not 

stop and chat (Vonier, 1986, 124). Also, it was mentioned on 

the site visits on more than one occasion that having only one 

of each particular type of space is a way of promoting more 

frequent use of it. For example, having only one cafeteria 

encourages employees to meet in one space on a regular basis. 

Many of the companies try very hard to make the cafeteria 

physically attractive through the use of courtyards, views and 

excellent quality of food for a very low price (they often 

subsidize it) . The same is true of having one library or one 

of a particular type of meeting space in providing spaces for 

interaction. It is easy for a client to be unaware of the 

importance of these spaces or to think of them as frivolous, 

but they are an important and integral part of the operation 

and should not be excluded. 

5.2.1.2.2 Organization of Laboratory Support Space. Another 

way of encouraging interaction relates to the placement and 

organization of the laboratory support spaces. Placement of 

shared laboratory support at the interior core of the building 
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is felt by many to encourage an interchange between those 

using the spaces, and was the most commonly observed way of 

organizing laboratory support space in the buildings visited. 

Researchers from different laboratories interact when perform

ing operations in these shared spaces. However, not all firms 

feel that this results in as much interaction as is desired; 

other common, shared areas are needed as well. 

5.2.1.2.3 Open Versus Closed Laboratory Space. Another 

method of encouraging interaction relates to the open versus 

closed laboratory space. Many feel the open laboratory design 

encourages interaction. An open laboratory plan was assessed 

at the Clinical Pathology Laboratory at the National Institute 

of Health, where the study was based on the response of the 

employees who felt the open design offered a better use of 

space and much more effective communication among laboratory 

personnel; the most significant problem with the work station 

in a general area was found to be the lack of storage space 

(Elin and Gersch, 1986, 61-66). In the facilities observed, 

a mix of open and closed laboratory spaces was observed. 

5.2.1.2.4 Project Team Makeup. Communication and interaction 

are very important in the scientific areas of biotechnology, 

especially between those working on different phases of a 

project. There is much trading of ideas which takes place 
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between those with expertise in different scientific disci

plines. This is why a company must be reasonably well funded 

so that it is able to start with a large group of people who 

are experts in various areas. For example, it is important 

for a toxicologist to talk to a protein recovery specialist so 

complex processes may be worked out. One of the companies 

interviewed takes this into consideration in its project team 

makeup which consists of a team leader and team members, all 

of whom are very different in their areas of knowledge. Alone 

they are diversified specialists; together they know what 

happens at each step. Great importance is placed upon their 

interaction since they are collectively involved with all 

aspects of the product from start to finish. This company 

believes this method of organizing a project team is a key 

element in the rapid movement and growth of a company. 

5.2.1.2.5 Adjacencies. Many firms recognize the importance 

of locating research and development operations close to one 

another. There is much give and take between those working in 

these areas. Scientists involved with different aspects and 

phases of research and development must constantly interact 

with one another in their search for innovation, as they come 

up with ways and methods of how to produce a product which 

will ultimately be successfully marketed and sold. One 

company specifically mentioned the importance of locating the 
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genetic engineer, the fermentation specialist, and the 

purification specialist in close proximity to one another in 

order to foster interaction between them. 

5.2.1.2.6 Other Factors. One firm has found that good 

interaction can be an accident. In this company's oldest 

building, organization is not centralized, activities are not 

integrated and generally the building is the result of random 

growth since heavy old internal walls cannot be moved nor can 

the building be remodeled to a great extent. This has 

resulted in freewheeling action as people need to be in 

various places for various operations. For example, computers 

are located in a closet off a hall, much equipment is located 

in the corridors and laboratory support spaces are not always 

located in proximity to the laboratories which use them but 

are often scattered in different parts of the building. As a 

result, employees interact and communicate considerably as 

they spread out over the building in performing their work; 

they actually have no choice but to interact, and the interac

tion is excellent. In a newer building in the same company, 

operations are more integrated and centralized with laboratory 

support space in one place; this has resulted in much less 

freewheeling movement and in much less interaction than is 

evident in the older building. 
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5.2.1.3 Developmental Interaction 

One of the companies visited discussed the interac

tion issue in relation to the developmental stage of the 

company (see 3.5 DEVELOPMENTAL STAGES OF A BIOTECHNOLOGY 

COMPANY). In a start-up company, interaction and communica

tion should be at the top of the list of priorities. They 

must be consciously promoted from the very start when the 

company is small in terms of size and number of employees; at 

this stage it is relatively easy to communicate. If well 

established early on, it will be much easier to sustain good 

communication later as the company matures and becomes larger. 

Early in a company's history and before it has a manufactured 

product or has started to make money, there is often a 

cohesive spirit among employees. Unity and harmony are often 

found to exist among employees at this time as they feel they 

are working toward a common purpose. Morale is high. As the 

company becomes more successful and begins to make money, 

however, this cohesiveness is easily lost. At this more 

mature stage the company is typically larger and the physical 

layout is more dispersed; interaction, as a result, becomes 

more difficult to foster. 

5.2.2 Physical Environment 

With so many requirements which must be considered in 

the design of the biotechnology facility such as functional, 
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safety, regulatory and corporate requirements, the quality of 

the physical working environment becomes a major design 

challenge. As mentioned by one of the firms visited, it is 

difficult to recruit people to work in a garage. The physical 

environment must have certain qualities which make it amenable 

to the user. The importance of these qualities was mentioned 

by many of the firms as a very important design priority. 

The physical environment, if physically and aestheti

cally/psychologically pleasing to those working in it, can 

represent very positive factors in encouraging and stimulating 

their creativity and productivity. The physical comfort of 

the user might include attention to such areas as temperature, 

humidity control, acoustics, lighting, ergonomics, furnishings 

and safety. Aesthetic/psychological considerations might 

include such features as a picturesque setting, attractive 

views, natural daylight, color, quality of materials and 

feelings of spaciousness. A particularly important aesthet

ic/psychological consideration mentioned by all of the firms 

visited except one is a priority of placing the laboratories 

on the perimeter of the building so they can have windows to 

provide the researchers with views, natural daylight and 

outside awareness; as previously mentioned, the other firm 

believes windows in the offices are more important for the 

scientist and would rather have more wall space in the 

laboratory. Still others prefer windows in both the offices 
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and the laboratories, which seems to be an ideal arrangement 

where possible. 

An additional point regarding the quality of the 

physical environment is discussed by Weeks (1986, 17) . He 

maintains that since many spaces in the biotechnology facili

ty, especially the laboratory, are continually changing 

environments of clutter, the architect should not interfere by 

insisting on a visually neat order. Instead, the shell 

designed for intricate systems and equipment must elegantly 

house these systems and the clutter they bring. A degree of 

calm to the individuals using the facility is to be encour

aged. 

5.2.3 Integration of Human Issues 

Appealing to the social needs, physical comfort and 

the aesthetic/psychological needs of the researchers is an 

important issue in almost all of the facilities visited. In 

one of the institutions particularly, it was among the very 

strongest and most compelling design issues from the inception 

of the design. Provision of a wide variety of humanistic 

areas for meeting places was deliberate and has resulted in 

social and intellectual interaction. Such features as the 

finest materials, picturesque views, art, spacious courtyards, 

generous use of natural daylight, scale of grandness and 

simplicity of form were utilized. These human design attrib
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utes were combined and integrated with other important issues 

to give one an unusual feeling of calm and respect for the 

importance of the scientific research conducted at this 

facility. Even though the facility was built in the 1960s, it 

stands out as exemplary in addressing these human (as well as 

other) issues. 

5.3 FLEXIBILITY ISSUES 

Biotechnology is marked by changes of all kinds. New 

discoveries modify the patterns and nature of research and 

development and in turn tilt the manufacturing needs as well 

as all other aspects of the biotechnology operation. The 

facilities must be able to adapt to unpredictable research 

directions and to the physical requirements they impose, as 

well as accommodate new methods and new state-of-the-art 

instruments and equipment (which are continually increasing). 

Organizational as well as technological change must be 

accommodated easily. The building must be capable of changing 

in one area without causing disruption of ongoing work and 

experiments in another area. 

5.3.1 Types and Degrees of Flexibility 

Flexibility has varied meanings and can be defined in 

different ways (Pena, 1987, 72 and Wodka, 1990, 158-179). It 

is important to be aware of the types of flexibility which are 
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appropriate to the operations and needs of the biotechnology 

facility. First, flexibility can mean expansibility. Here, 

exterior changes can be made as the flexible building grows 

and enlarges (Figure 45). Or, as an alternative to expansion 

of the actual building and as observed in two of the facili

ties visited, the building may be designed as complete when 

first built; a master plan for a future new building may 

accommodate needs for expansion instead. Second, flexibility 

can refer to the convertibility of space. This has to do with 

how the building is able to undergo reconfiguration as 

interior changes are made in response to changing activities 

and functions (Pena, 1987, 72) (Figure 46). The third meaning 

of flexibility is versatility. Here flexibility refers to 

adaptability to many uses and functions as changes are made 

within the room. Tasks are relocated within a fixed environ

ment (Figure 47). Fourth is rearrangeability. Here the 

building accommodates changes as furniture and equipment 

systems are moved or rearranged within a given space or 

carried to other rooms (Wodka, 1990, 159) (Figure 48). All of 

these types of flexibility are important and relevant to the 

needs of biotechnology facilities. All were observed in the 

facilities visited. However, since not all institutions need 

all of these types of flexibility, it is important to consider 

which are appropriate and which are not, on a case-by-case 

basis. 
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Figure 45. Expansibility 

Source: after Pena, 1987, 72 
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Figure 46. Convertibility 

Source: after Wodka, 1990, 161 
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Source: after Wodka, 1990, 159 
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In addition to the type, the amount of flexibility 

desired must be carefully considered and analyzed prior to the 

design of the facility as well, because this is also a strong 

determinant in the design. Even though total flexibility is 

not possible, high degrees of it are; yet the cost can be 

substantial. If a high degree of flexibility is not needed, 

less costly alternatives, which can be very appropriate and 

can still offer some flexibility, should be considered. 

Examples of the varying requirements for flexibility 

can be illustrated through the institutions visited. In one 

of these institutions, a very high degree of flexibility was 

required and this became a strong design priority in the 

initial planning stages of the facility. Flexibility was 

achieved through the use of generous interstitial space 

between all laboratory floors; here, clear vertical space of 

9 ft. easily accommodates mechanical equipment and the 

building's large, horizontal structural members. In this way, 

large amounts of open and unobstructed space are provided for 

the laboratories. Services can be introduced at practically 

any location in the laboratory and can be changed easily as 

well. The building is considered to be the epitome of 

flexibility in terms of convertibility, versatility and 

rearrangeability. In terms of expansibility, the laboratory 

buildings were not designed to grow but expansion will be 

accommodated by new buildings. Those interviewed at this 
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institution feel that the generous amounts of flexibility have 

served the institution splendidly, as frequent change is a 

predominant pattern. It was pointed out that in this facility 

every square inch of interior laboratory/laboratory support 

space changes on the average of once every three years. In 

another institution, very different needs for flexibility were 

observed. Here, in one of the manufacturing facilities, a 

high degree of flexibility was not a requirement since the 

product required a plant dedicated wholly to its manufacture 

for contamination reasons. Spending the extra money to make 

the building flexible would have been unwise since in this 

specific operation, little flexibility was desired. In most 

of the biotechnology companies visited, however, there is a 

strong preference for flexible spaces in most all areas, 

including the laboratory, pilot facility and the manufacturing 

facility. 

5.3.2 Provision of Services 

5.3.2.1 Key to Flexibility 

Since biotechnology buildings are so heavily ser

viced, flexibility is much more technically demanding than it 

would otherwise be. As Braybrooke (1986, xii) points out and 

as seems to be true from observation, the key to flexibility 

in the laboratory is in the way in which the services are 
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introduced into the building and made available to the 

laboratory bench. In the production areas the method of 

distribution would also have great effect upon the building's 

flexibility. There is a variety of horizontal and vertical 

systems which can be used (see 4.2.5.3 Service Distribution 

Systems). Distribution systems should be examined on a case-

by-case basis according to functional needs, needs in flexi

bility, and on the basis of cost. 

5.3.2.2 Interstitial Space 

It is believed by many that interstitial space 

generally provides the greatest flexibility in the provision 

of services since it allows the services to be introduced at 

varied and changeable locations. It can also promote greater 

ease of maintenance of services since they are generally more 

easily accessible. These positive attributes of interstitial 

space are consistent with the attitudes found in the facili

ties visited where there appears to be a strong preference for 

the use of interstitial space as the ultimate solution in 

providing flexibility. 

There are certain features of this system which must 

be noted. First, the height of the interstitial space is 

critical to the operational satisfaction which will be 

provided. General preference for vertical clear height is 

around 9 ft. in a laboratory facility, although it may need to 
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be considerably higher, especially in animal facilities and 

manufacturing plants. This depends on the size of the 

operation and on the equipment used. A person standing while 

working on the equipment should be able to be accommodated in 

the interstitial space; a clear height of 6 ft. is probably 

the minimum. Second, it is also important that the space have 

good access. Elevators are mandatory as is generous access 

space for movement of large and heavy equipment. 

The greatest deterrent to the interstitial system 

appears to be the initial cost. However, many feel the high 

first cost of the system can be far outweighed by the lower 

costs involved as subsequent changes are made throughout the 

lifetime of the building. On the other hand, flexibility can 

be provided by other methods at a much lower first cost, and 

some find these other alternatives preferable. 

5.3.3 Structural Considerations 

In addition to a structural system which offers 

flexibility in the way it accommodates the provision of 

services, the structure of the building can contribute to 

flexibility in other ways. First, one way is for the struc

ture and the services to be separate from one another. It is 

generally agreed that the structure is the most permanent part 

of the building and will last longer than other parts. 

Therefore, it is important that it be strong and able to 
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withstand heavy equipment and vibration. Partitions, with a 

shorter lifespan, are more easily altered. The services have 

even a shorter lifespan than the partitions and will definite

ly be changed as the nature of the work changes. 

A correctly designed permanent shell will 
allow everything which it supports and 
encloses to be impermanent. For research 
laboratories this is the greatest facility 
a building can offer, for given enough 
weather-protected space and accessible 
services any kind of laboratory work is 
possible (Weeks, 1984, 35). 

A building shell where the structure is separated from the 

services will usually accept change in a flexible way. 

Second, another way of providing flexibility is through 

modularity. A basic module which forms structural bays offers 

flexibility though the ease in which the functions in the 

spaces can be interchanged or modified. Third, large bay 

sizes are another way of promoting flexibility. Fewer columns 

are less restrictive to the functions of the space and provide 

for operational variations with greater ease. Finally, the 

use of interstitial space, as mentioned previously, is an 

ideal way to provide for flexibility. 

5.4 FUNCTIONAL ISSUES 

The functional needs of the biotechnology institution 

must be met since these are the very reasons for the company's 

existence. They are extremely complex and vary according to 

the different types of operations and support operations which 
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take place in all aspects of producing a marketable product. 

Understanding the scientific/manufacturing process is perhaps 

the most critical factor in arriving at a good design which 

will accommodate the functions which will and must take place. 

It is very important that the designer enlist the help of 

specialists (including those in-house) who are collectively 

expert in all aspects of operation such as in the areas of 

scientific research and development, process engineering, 

mechanical engineering and electrical engineering. 

5.4.1 Community of Functions 

The biotechnology company, depending on its stage of 

development, houses many functions which are considerably 

different from one another, yet they are all interdependent. 

They actually comprise a whole community of functions (see 2.2 

EMERGING BUILDING TYPE), which generally are housed in 

different buildings and/or wings and are generally added 

incrementally by function as the company matures (see 3.5 

DEVELOPMENTAL STAGES OF A BIOTECHNOLOGY COMPANY). Sometimes 

(and usually during certain periods of development in every 

company) certain functions are performed by outside sources 

until it is economically feasible for the institution to build 

its own facility and hire its own staff to perform these func

tions on site. The varied functions which are performed in 

the biotechnology facility are illustrated by the building 
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types described in the discussion on the biotechnology 

facility (see 4. THE BIOTECHNOLOGY FACILITY) where building 

types represent functional areas of the biotechnology opera

tion. As has been demonstrated, these functional areas have 

been divided and housed in such areas as research (labora

tory/laboratory support), animal research and testing, 

development/scale-up/pilot, manufacturing, finishing, ware

housing, general support and service. They run the gamut of 

highly technical, scientific spaces which are engineering and 

process driven, such as clean rooms and production spaces to 

human spaces such as meeting spaces, cafeterias and exercise 

rooms. 

5.4.2 Functional Needs 

As the functional needs of a biotechnology facility are 

substantial and require trained specialists to adequately 

address them in many cases, it is not possible to cover them 

adequately at this time. However, during the site visits some 

important and generalized functional needs seemed to be 

discussed frequently by those from various institutions. 

Although many of these are addressed in other areas of this 

thesis, some of them are particularly relevant to the func

tional issues and are touched upon here. First, it was 

mentioned more than once that paying attention to all details 

(for example, from floor finishes to site location) is 
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imperative in fulfilling the functional needs of the facility. 

Sloppiness on the part of the designer or ignorance of even 

one important issue could be disastrous. Second, there seems 

to be a general preference for rational, straightforward 

buildings where form follows function. Above everything else 

the building (and its systems) must "work." A simple clean 

design is preferred which will accommodate the services with 

ease. Straight service runs and adequate modular spacing are 

very important. Third, since building systems and services of 

all kinds are such an enormous part of the design, it is 

important that these systems be integrated with one another in 

order to bring about a coherent design. At the same time it 

is mandatory that enough space be provided for the mechani

cal/service equipment; most company spokesmen feel they need 

considerably more space for services than they now have. 

Fourth, examination of adjacencies and design implications 

which would result in greater efficiency is important. Next, 

in the production facilities, understanding the process is 

critical. More than anything else the design of the produc

tion facilities is process driven. Since drugs and biologi-

cals are constantly at risk of contamination, designing the 

production process to flow from the dirty beginning to the 

clean end is mandatory. Some believe the quality of the water 

system controls the manufacturing process with air coming 

second. For more detailed discussion of the complex function
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al issues involved in manufacturing see 4.5 (MANUFACTURING 

FACILITY). Finally, functional issues are representative of 

the mission of the institution, that of successfully producing 

and marketing biotechnology products. How the building, its 

systems and users function depends on how well the design has 

incorporated and integrated, not only the points mentioned in 

this study, but others as they arise, as well. 

5.5 OPERATIONAL/MAINTENANCE ISSUES 

5.5.1 Quality 

In most of the biotechnology facilities visited, a 

high degree of quality in the building, its furnishings and 

equipment is evident as a top priority. In addition to 

helping attract top people, good quality is important as a 

maintenance and reliability issue. High first cost does not 

generally seem to be a deterrent in providing the finest 

facility possible and, instead, often provides for better and 

more reliable long-term use producing lower life cycle costs. 

Whereas some of the firms are not in a financial position to 

incorporate as high a quality as they would like, many of them 

have explicitly indicated they are not trying to save money on 

construction and equipment by shopping for the cheapest buy. 

Instead, where economically possible, they want a premium 

building with top-of-the-line construction, furnishings and 
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equipment. High quality appears to be consistent with the 

high level of scientific endeavor found in the biotechnology 

facility. 

5.5.2 Maintenance 

Maintenance of the building, its furnishings and 

equipment is critical in a biotechnology facility, and smooth 

operation is mandatory. There is consensus in the companies 

visited that any good operational plant will have a good main

tenance program; intensive maintenance programs can be 

observed. Maintenance is considered a part of process 

control. 

5.5.2.1 Facility Management System 

A system of facilities management aids the smooth 

operation of the facility. Some of the firms visited recom

mend the use of a library which includes information on all 

equipment used in the facility with up-to-date records of all 

maintenance performed on each piece of equipment. In addi

tion, the use of energy management programs using automated 

hardware and ever-developing software systems are becoming 

increasingly widespread; this is a result of the increased use 

of centralized building automation systems to supervise a 

building's mechanical and electrical systems (Loring and 

Goodman, 1986, 76). 
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5.5.2.2 System Accessibility 

An important aspect of maintenance relates to the 

ease with which it can be performed on the considerable amount 

of equipment found in the biotechnology facility. It is 

imperative that systems be readily accessible so maintenance 

will be performed. An example which was discussed by most of 

the firms as being an ideal method for providing accessibility 

is through the use of generous interstitial space (see 5.3.2.2 

Interstitial Space). As previously mentioned, this system can 

provide access to the building's considerable equipment and 

enough space to perform needed maintenance. Height dimensions 

of interstitial space vary; in the research institution 

visited, which is considered ideal in its use of interstitial 

space, the space is 9 ft. high and accommodates service 

personnel very well. Whereas this is generally considered to 

be an ideal dimension, if money is an object many believe the 

clear height could even be as low as 6 ft. (in a laboratory 

building) and still be a far more desirable solution than no 

interstitial space at all. Another example, as mentioned by 

Payette Associates, is through the use of a penthouse in a 

high-rise building. A penthouse can accommodate fans, for 

example, making it easier to care for them than it would be if 

they were on top of the roof where, because of difficult 

access, they would probably not be well maintained. By having 

the fans accessible, they can be easily and routinely checked 
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and maintained, which can result in their more dependable 

operation and longer life. It must be noted that the use of 

elevators to both the interstitial space and the penthouse is 

important in making these spaces easily accessible as well. 

5.5.2.3 Potential Disruption 

Another critical issue regarding maintenance is the 

importance of being able to maintain, fix or even change 

equipment in one part of the building without disturbing 

operations in other parts of the building. Whereas this is 

very important in almost all biotechnology operations, it is 

especially crucial in the manufacturing operation since 

disturbance or shutdown in this area can result in substantial 

or even disastrous loss of revenue for the company. Here 

again, the use of interstitial space is advantageous since it 

contributes to the lack of disturbance in various parts of a 

facility during maintenance. 

5.5.2.4 Use of Low Maintenance Equipment and Materials 

In some facilities a conscious effort has been made 

in the initial design to provide for low maintenance. Such 

practices were observed in one facility constructed in the 

1960s where low maintenance was a major design goal. Here, 

for example, a high temperature water system was chosen as the 

main energy source instead of steam to provide for a simple, 



343 

low maintenance central energy plant. Other decisions made in 

the 1960s included the choice of building materials as those 

which would stand the test of time in requiring little or no 

maintenance. Here, such materials as concrete walls with no 

paint but with a natural finish, metal work of A242 steel left 

untreated to form a dense oxide to prevent further corrosion 

and travertine used as outdoor paving and requiring no upkeep 

were used. Now the result over twenty-five years later demon

strates an institution which is generally withstanding the 

test of time very successfully. Currently, with new materials 

on the market, low maintenance materials should generally be 

more widespread, assuming knowledgeable decisions are made 

regarding their qualities of durability and low maintenance. 

5.5.2.5 On-site Maintenance Provisions 

Actual on-site provisions for maintenance vary. In 

the institutions visited there is a range between the nonexis

tence of any repair shop at all (where maintenance and repairs 

are handled by outside firms) and more substantial facilities 

and staff devoted entirely to repair and maintenance services. 

Gould (1986, 64) points out that facilities can fall into a 

range between shops for simple routine maintenance and 

mechanical electrical repairs to sophisticated clean rooms for 

the servicing of instruments. Another important point 

regarding on-site maintenance is the practice of storing 
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equipment parts on site in a location dedicated to this 

purpose. Since it can often take many months to receive a 

badly needed part, this is a very wise practice in insuring 

operational continuity and in preventing temporary equipment 

shutdown. Many of the firms visited mentioned this as a very 

important maintenance practice and one which they follow. 

5.5.3 Reliability 

Equipment reliability is critical to the biotechnolo

gy operation. Equipment failure can result in enormous losses 

and can completely immobilize crucial operations. Reliability 

begins with the selection of reliable equipment, which must be 

based on actual performance, service provisions, and on the 

choice of the right equipment for the job (Ruys, 1990, 268 and 

272) . Some of the companies visited specifically mentioned 

their belief in the fact that the reliability of manufacturing 

processing comes before that of laboratory work since labora

tory operations can generally be redone more easily and more 

inexpensively because of the smaller volumes. Many of those 

in the industry feel that good facility design provides 

allowance for computer monitoring and control of all manufac

turing process equipment. In many companies, equipment such 

as that found in animal facilities, refrigeration systems and 

anything critical to product development is on an alarm system 

and emergency power. One company specifically stated that 
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anything which affects worker safety (such as biological 

safety cabinets) and any kind of storage unit with critical or 

semi-critical substances should be on emergency power and 

often on a computer system with an audible alarm in case of 

operational problems. Another company has a strong preference 

for having all equipment on emergency power; it is felt this 

practice is not only less expensive in the long run and a much 

safer one to practice, but that it accommodates changes more 

easily as well. In another facility the high priority it 

places on equipment reliability is demonstrated by the fact 

that almost every mechanical system has enough capacity to 

have an on-line unit plus a stand-by unit. The use of 

redundancy allows routine maintenance to be performed on 

almost all plant equipment without interrupting service. 

5.6 MASTER PLANNING ISSUES 

5.6.1 Obstacles 

An issue of great importance mentioned repeatedly by 

many of the firms visited is that of master planning. In the 

biotechnology industry future or master planning is a very 

difficult if not impossible issue to address for many reasons. 

First, biotechnology growth is by nature very 

unpredictable. Future planning is driven by product develop

ment, yet it is very difficult to know ahead of time when or 
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whether a product will succeed. If potential successes and/or 

failures could be known, it would be ideal to set up a master 

plan for future facilities. This way, future needs could be 

assessed as well as possible future directions instead of 

leaving growth to chance. However, the unpredictable nature 

of the industry often precludes long-range planning. 

Second, in a typical start-up company, employees are 

scientifically focused individuals as opposed to corporate 

president types who might be more tuned to master planning. 

Whereas they are excellent scientists, they do not generally 

think about facility planning. Many biochemists have made 

terrible mistakes when planning facilities. The actual 

problem pointed out by one of the firms visited is that, 

typically, start-up scientists don't know what they want in 

the way of facilities and don't always care. It is very 

difficult to find people who understand the scientific world 

and can plan the facilities that it requires. It is believed 

by one of the firms visited that much money could have been 

saved if there had been better in-house talent in planning 

facilities from the start. 

It is also financially questionable for a small 

research and development biotechnology company to organize 

itself in a manner which includes long-range planning as an 

integral goal. Typically, the more experienced the company 

is, the more easily it can direct its growth. The problem 
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seems to be that when a company needs the facility planning 

staff (especially in the beginning), it doesn't have one, and 

when it has one, it doesn't need it; a biotechnology firm, 

unlike a large pharmaceutical company, which may always be in 

the process of building, might build once and then not again 

for five years. This appears to be the nature of biotechnolo

gy and a typical problem. 

Most of the companies visited expressed great 

frustration over the difficulties involved in master planning. 

It is generally maintained that master planning, or lack of 

it, is one of the greatest problems which faces the biotech

nology company. 

5.6.2 In-house versus Outside Planning 

Another point regarding master planning relates to 

in-house versus outside planning methods. General consensus 

in most of the firms visited is that the biotechnology company 

can do a better initial planning job in-house. This means the 

company must be properly staffed in this area. It is general

ly believed that most of the knowledge in biotechnology at 

this time resides with the owner. The design is initially 

driven by the research programming, and knowledge of the 

intricacies reside in the firm. Every company has specific 

objectives which define the requirements of the facility. The 

building design must respond to what is needed, and the needs 
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must be driven by the science, business and product. There is 

a delicate balance between facility planners and researchers. 

The facility planner doesn't always have free reign in the 

design. Researchers have strong wills and often don't feel 

they are getting what they want. The recipient of the 

facility actually controls what goes into the building and 

sets the design parameters (such as the size of fermentation 

tanks). Sometimes he or she even designs the equipment which 

will be used. 

It was mentioned by some of the companies visited 

that a biotechnology company can always go to outside process 

engineers and design firms for initial planning, but it 

appears that this is a less satisfactory solution. Propri

etary and confidential information; even with confidentiality 

agreements, tends to be at risk when outside firms are used 

initially. Preference is generally for the preliminary design 

to be done in-house, if a facility planning staff can be 

justified, and then for it to be given to an outside design 

firm to be taken from there. 

One of the smaller companies visited, however, which 

cannot economically justify a facility planning department for 

even preliminary design at this time, has a strong preference 

for going to a large architectural/engineering firm which has 

experience in designing biotechnology facilities and a 

comprehensive understanding of them. If the architectur
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al/engineering firm chosen is at the top of the learning 

curve, it can offer valuable guidance to the small company 

which may not have expertise in this area. A small company 

might underestimate its needs because of a frugal philosophy. 

Expert advice in the design and planning of future facilities 

can be invaluable. 

5.6.3 Use of Extra Space 

Larger companies often reserve excess space as part 

of a long-range master plan. Figures vary; 50 percent extra 

space is considered excessive if the funding is from outside 

sources. Generally, 20 to 25 percent extra space for a 

company to hold is considered ideal, especially if some of it 

can last over five to ten years through the recruiting stage 

(Payette Associates, 1989) . Telling candidates for scientific 

positions there is extra space which they may use as they see 

fit in developing their own departments is a very attractive 

and successful recruiting device. Small companies generally 

cannot afford to do this, even though they probably need the 

extra space most of all. A solution used by some of the 

biotechnology companies visited is that of buying or leasing 

buildings with extra space and then immediately leasing or 

subleasing portions of the unused space to other companies 

until the space is needed for their own use. 
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5.6.4 Construction Speed 

Obstacles in master planning have led to a building 

trend widely practiced in the biotechnology companies visited. 

Since future planning is so difficult, unpredictable and often 

impossible, once resources are present and necessary approval 

has been or will soon be received, the building is generally 

planned and built quickly. The objective is to start bringing 

a return on the money as soon as possible. Ability and 

methods of implementing projects as quickly as possible have 

been critical planning issues to the biotechnology company. 

The typical biotechnology construction method is fast track. 

Such practices as designing one floor while building another 

or starting to build before the cost is known are typical in 

the industry. Ideally, the manufacturing plant will be 

completed at the exact time of FDA approval of the product and 

facility (PLA and ELA) so that manufacturing can begin within 

24 hours of completion of the facility. 

5.6.5 Parking 

One company mentioned a problem it has faced which 

relates to future planning, that of parking spaces. When a 

biotechnology company locates in an existing industrial park, 

as it often does, parking ratios have usually already been 

established. If the space is allocated for warehouse use, the 

number of parking spaces required per square foot of building 
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can be very low. As the biotechnology company grows and 

changes, it often changes the use in some of its buildings 

from warehousing or light manufacturing to laboratories and/or 

offices; in addition the number of employees increases. This 

can present problems when more parking spaces are required for 

the new use, inasmuch as there often isn't enough space to 

expand the parking. Because of this, even if the company has 

invested a substantial amount of money in improving the 

facilities for its operations, it doesn't always have the 

freedom to change building use as desired. It is important to 

know ahead of time if the use of the building space will 

support the parking which will be required and to be aware of 

potential changes in building use. 

5.7 SECURITY ISSUES 

Direct and indirect security measures are important 

in protecting the biotechnology facility, the site and the 

proprietary interests of the company against theft and 

destruction. Because of the extreme and growing costs 

involved in the process of taking a product to market and 

because of increased incidence of vandalism at research 

institutions, especially by animal rights activists and others 

opposed to the idea of genetic research, the need for security 

measures is greater than ever. 
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In the companies visited site security measures 

include the use of fencing, security lighting, video cameras 

and alarm systems. While automobile entry is often controlled 

through limited access roads, automobile entry to the sites 

does not appear to be restricted at any of the institutions 

visited. Since the roads are generally public, this is an 

area which is difficult to control (and perhaps control is 

unnecessary here). The biotechnology company's buildings 

generally keep a very low profile and are sometimes almost 

indistinguishable from surrounding buildings. Often incon

spicuous signage is used, but sometimes no signage at all is 

used. In one of the companies visited, no sign at all marks 

even the main entry to the company headquarters. 

Building security systems include controlled access, 

where entry is normally gained through keys, card access, 

digital codes or proximity readers. Most of the companies 

visited use the card access method with alarms to protect 

property and to control personnel movement. Cards can be 

keyed to give access to certain areas and not to others. 

Unlike keys, they are virtually impossible to duplicate. For 

additional protection, cards can be combined with a personal 

identification number, a fingerprint or signature reader to 

improve reliability (Ruys, 1990, 259). One company has 

changed to proximity readers throughout its buildings and 

feels this is a very effective system. The proximity reader 
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system is becoming increasingly popular because of its ease of 

use as well as is added protection features. It allows access 

control through the use of proximity cards which need only to 

be placed near the reader to allow access; actual contact with 

the reader is not required. Also, a reader can be hidden in 

walls or behind glass. 

Other methods used to protect the building include 

central monitoring, video cameras and door and window alarms. 

Typically, general entry to the facility is to a 

lobby/reception area where entry doors are unlocked during 

business hours. Receptionists monitor those entering and 

leaving through the use of registers for signing in and out, 

and name badges. Sometimes doors from the lobby area to other 

areas of the building are locked and accessible only to those 

who are permitted entry, but generally locks were not observed 

in this area. 

Indirect security measures are taken especially to 

protect proprietary interests. For example, in addressing the 

issue of protection of product rights, one company uses a kill 

tank not as much to kill the waste for environmental reasons 

(as it feels the waste is harmless) but to prevent competitors 

from collecting the product as it leaves the company in the 

form of waste on its way to the sewage treatment plant. 
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5.8 LITIGATION ISSUES 

Litigation is becoming an increasingly important 

issue in biotechnology. Legal expertise is a growing area of 

need, as companies must be able to defend intellectual 

property rights. Disputes over patent rights and license 

rights plague the biotechnology industry and can become very 

complex and costly issues to unravel. Technology protection 

under patent law is not completely settled and biotechnology 

companies are easily sued for patent infringements. As the 

biotechnology industry matures and the laws associated with it 

mature as well, it is believed this will be less of a problem. 

One company specifically mentioned the importance of integrity 

and reliability in the biotechnology industry; if a company is 

an exemplary model, risks of liability are greatly minimized. 

5.9 ENERGY CONSERVATION ISSUES 

Even though conserving energy is a very important 

consideration, it is secondary to human, product and environ

mental safety in all of the institutions/companies visited. 

It must be pointed out that in many of the general support 

areas of the biotechnology facility, such as the office, 

general meeting, cafeteria, and library spaces, it is rela

tively easy to use commonly available energy conservation 

technologies. However, it is quite another matter in the 

scientific/production areas where extreme safety measures and 
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complex operations demand a conspicuously heavy use of energy. 

It is difficult to diminish energy use without placing the 

mission of the institution at risk. In all of the firms 

visited, erring on the side of energy utilization takes 

precedence over energy conservation whenever the safety and 

welfare of the employee, the product and/or the environment 

might be threatened. As methods of operation are perfected, 

ways of conserving energy without jeopardizing the major goals 

and purposes of the organization will, no doubt, become more 

widely used. 

Brief mention must be made of architectural consider

ations which utilize passive energy systems. It goes without 

saying that these are important issues in almost any design 

and should always be examined carefully in terms of saving 

energy. As discussed by Gould (1986, 59), some of these 

include such considerations as building geometry using shapes 

with low surface to volume ratios, solar orientation, building 

insulation, use of natural daylight, heat absorbing or 

reflective glass and solar shading measures. 

5.9.1 Obstacles 

Conditions exist in the biotechnology facility which 

are contradictory to good energy conservation practices and 

which make it a very difficult area to address. As has been 

mentioned, the scientific and production areas of the biotech
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nology facility are energy intensive. Substantial require

ments demand a variety of types and a great number of sophis

ticated pieces of equipment and instruments. A major expense 

for most laboratory buildings, for example, is associated with 

the operation of the fume hood (DiBerardinis et al., 1987, 

203). In addition, complex operations and systems are 

required, the HVAC system accounting for a large portion of 

energy use. The need for precise and reliable operating 

conditions requires monitoring and back-up equipment and 

systems for emergency use. Heat sources within the building 

and especially the heavy use of electrically driven equipment 

result in a high degree of internal heat gain, which places a 

great burden on the HVAC system. Such practices as those of 

exhausting great amounts of air (as in the laboratory, animal 

facility and production facility), of using 100 percent 

outside air as opposed to recirculated air, and of using a 

great number of air changes per hour (often around ten or 

twelve in the laboratory but sometimes many more there as well 

as in such places as the animal facility, production areas and 

clean rooms), indicate the greater-than-average use of energy. 

5.9.2 Use of Fume Hood in Energy Conservation 

Since a major use of energy in a biotechnology 

facility is associated with the operation of the fume hood, it 

is the topic of much discussion concerning energy conserva
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tion. In addition to wise selection of the fume hood, energy 

savings can be realized through the reduction of operating 

time, limited quantity of exhausted air, auxiliary air hoods, 

and other methods. This is examined in detail in the work of 

DiBerardinis et al. (1987, 203-211) which is the major source 

of the following discussion. 

First, it is important to select a hood which will 

minimize the loss of conditioned air. Substantial energy 

savings can be realized in the installation of energy effi

cient hoods (DiBerardinis et al., 1987, 203). Since the state 

of the art has changed substantially over the last three to 

five years in fume hood design, installation of new hoods in 

older laboratory buildings is often recommended. In selecting 

hoods it is important to understand the needs; over design can 

be as costly as under design, especially if it is never 

utilized (Saunders, 1987, 308). 

Second, reducing the period of fume hood operating 

time can conserve energy. Many fume hoods are currently in 

operation twenty-four hours a day, seven days a week. This is 

a result of the practices of laboratory personnel working in 

the laboratory at all hours, on all days, even weekends and 

holidays. It is also a function of the fact that many 

hazardous chemicals seem to end up being stored inside the 

hoods when they are not being used, and they need to not only 

be confined, but need to be vented continuously; continuous 



358 

hood use results from the need for some reactions and prepara

tions to be continued in the hood and uninterrupted for 

twenty-four hours or longer (DiBerardinis et al., 1987, 204). 

As a solution, it is possible to reduce hood operating time by 

establishing routine working hours when hoods and exhaust 

points are fully operational. When discussed by the firms 

visited, it was pointed out that this is very difficult to 

enforce and can become an administrative headache. It is also 

possible to reduce hood operating time by arranging for 

alternative safe storage for hazardous and flammable substanc

es. In some of the laboratories visited, specific and 

separate storage for solvents and flammables is provided in 

cabinets under the fume hoods. As pointed out by DiBerardinis 

et al. (1987, 204), ways of achieving safe storage alterna

tives can vary and include such practices as meeting require

ments (such as those of NFPA and OSHA), providing separate 

exhausted air storage cabinets, and providing storage under a 

laboratory fume hood which has a separate continuously 

operating connection. 

Third, another method of fume hood energy conserva

tion, discussed in detail by DiBerardinis et al. (1987, 205-

207) , is to limit the air quantity exhausted from the hood. 

This can be done by reducing the possible hood opening. One 

method is to limit the height of the vertical sash opening. 

Some users don't need full height openings, others do. Or, 
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the horizontal sliding sash opening can be limited. Users 

tend to favor this method over limiting the vertical sash 

opening, since they are able to have access to every part of 

the hood. Another way of limiting fume hood exhaust is 

through the use of local exhaust points which can be substi

tuted in certain places for fume hoods. They can be used in 

such places as on laboratory benches where limited quantities 

of toxic chemical will be used. Or another method of reducing 

fume hood exhaust, also described by DiBerardinis et al. 

(1987, 206-207), is through multi-speed, variable speed fans 

which can be used to limit air quantity. When the hood is not 

in use and the sash is lowered, the fan will go to a lower 

speed (one-third to one-tenth full speed) . This was mentioned 

by firms visited as a difficult system to use since many 

scientists forget to lower the sash when not using the hood; 

it becomes an administrative problem. Constant volume hoods 

are predominant in the facilities visited. Another way of 

reducing the quantity of fume hood exhaust is through the use 

of a very small fan which can be used in parallel with the 

main exhaust fan. When the main exhaust fan isn't needed, it 

can be shut off leaving the low speed fan to provide a 

continuous low volume exhaust airflow (DiBerardinis et al., 

1987, 207). It is important that when methods limiting 

exhaust air are used, some safeguards be instituted. These 
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may be such practices as alarm systems or sash locks for when 

the hood is not in a safe operating mode. 

Fourth, another method of conserving energy through 

the use of fume hoods, also discussed by DiBerardinis et al. 

(1987, 207-208), is to limit the volume of conditioned air 

exhausted from the hoods through the use of auxiliary air 

hoods. These are hoods which supply a major part of the total 

exhaust air volume from a special supply air duct located 

above the work opening of the hood, with the remainder coming 

from the general room supply air. As DiBerardinis et al. 

(1987, 207) point out, up to 70 percent of the air that the 

hood exhausts is provided at the face of the hood, the 

remainder being provided by the building supply air system. 

Economically, this is advantageous in the winter or in the 

summer (in a hot climate) when the auxiliary air coming into 

the hood above the hood face does not need to be fully heated 

or cooled, inasmuch as it goes directly to the hood and does 

not mix with the room air. Another advantage described by 

DiBerardinis et al. (1987, 208) is that where a large number 

of hoods are used, the need to provide large amounts of makeup 

air is eliminated. There are drawbacks, however, to the use 

of auxiliary air hoods (DiBerardinis, 1987, 208). First, they 

require an additional mechanical system which can have its own 

mechanical problems. Second, since there are many unsatisfac

tory auxiliary hoods on the market, finding a well-designed 
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one is a critical issue. Third, climate variables must be 

carefully considered to see if the use of the auxiliary air 

hood for saving energy is worth the extra initial cost. 

There are other strategies for conserving energy 

through the use of fume hoods. Sometimes it is advantageous 

to manifold the fume hoods in general laboratories in other 

than single-story buildings; energy can be saved by using 

fewer fans to exhaust the air. Another strategy for conserv

ing energy is the heat recovery system. Heat recovery systems 

use a type of heat exchanger "to extract heat from the exhaust 

air stream in the winter and use the recovered heat to 

partially warm the incoming air (DiBerardinis et al., 1987, 

208)." The system is reversed in warm climates. Other 

systems utilize various categories of hoods which are current

ly being marketed which will maintain preset face velocity for 

a fume hood regardless of the sash position (Saunders, 1987, 

306-308) . 

5.9.3 Other Methods of Conserving Energy 

In recent years, many other energy conservation 

techniques have emerged to cope with the excessive energy 

requirements of such high use facilities as the biotechnology 

establishment. They relate both to the reduction of use and 

the recovery of energy. They will not be detailed in this 

thesis; however, the reader is urged to consult such sources 
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as DiBerardinis et al. (1987, 202-212), Loring and Goodman 

(1986, 75-77), Nelson (1990, 454-478) and Saunders (1987, 302-

309) for further study. 

There is a great challenge in successfully designing 

safe, cost-effective and energy-efficient systems which 

provide the appropriate and necessary environment for biotech

nology research, development and production. It must be 

remembered, however, that success in the conservation of 

energy is secondary to many other pressing issues. Most 

importantly, provisions for worker, product and environmental 

safety must never be jeopardized, and the purpose and mission 

of the institution must not be compromised in the efforts to 

achieve energy conservation. 
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6. EPILOGUE 

This thesis represents only a beginning in the study 

of the rapidly emerging biotechnology facility. The purpose 

has been to provide a source document which explores a range 

of issues, situations and problems facing those responsible 

for designing these facilities. In this way relevant and 

workable design solutions can be generated. The study is 

meant to serve as a guide which will familiarize designers 

with the critical issues in order to allow them to substan

tially shortcut the exploratory process. 

The bottom line is the fact that the ultimate design 

must be responsive to the needs, requirements and resources of 

a specific client. The issues facing the industry are 

complex, the field is changing rapidly, facility requirements 

vary between companies/situations depending upon specific 

needs, and innovative design solutions are demanded in 

response to unique biotechnology processes; therefore, to 

establish a generic building design at this time without a 

client would be to run a fool's errand. It must be remembered 

that the actual design of the biotechnology facility involves 

much brainstorming between the client, designer and experts 

from many different disciplines in order to pinpoint and 

define parameters. The ultimate design demands novel and 
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innovative solutions which are relevant to the unique needs of 

the client. 

A plethora of critical issues has been identified in 

this study and, where appropriate, a range of design consider

ations has been explored in order to promote understandings to 

those involved in the design of the biotechnology facility. 

The biotechnology industry itself has been examined in terms 

of industrial applications, overall biotechnology phases, the 

production process, obstacles in biotechnology, developmental 

stages in a biotechnology company, methods of survival, 

organization/labor force characteristics, locational issues 

and regulatory issues. Some of the physical requirements of 

the biotechnology facility itself have been examined as they 

relate to the functions of research, animal testing and 

research, development/scale-up/pilot, manufacturing, finish

ing, warehousing and general support, all of which have very 

different needs from one another and vary between institutions 

and situations within the same institution. Finally, wide

spread concerns which relate to programmatic issues in the 

design of the biotechnology facility have been addressed; 

these include safety, human, flexibility, functional, opera

tional/maintenance, master planning, security, litigation and 

energy conservation issues. It is certainly reasonable to 

expect that a substantial number of issues remain to be 

explored. 



365 

In the years ahead architects will have a much better 

understanding of the host of intricacies which are involved in 

the design of the biotechnology facility. Understandings 

which we have now will become more complex; existing processes 

and practices will become more refined. Many new unanticipat

ed realizations will emerge. It is hoped that this thesis 

will serve as a foundation for the work which will need to be 

accomplished in the future. 
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