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A discussion of laboratory ventilation design methodology and equipment 

A Guide to Efficient 

By JERRY KOENIGSBERG, 
Vice President, 
G.P.R. Planners Collaborative Div., 
Sverdrup Corp., 
White Plains, N. Y. 

I
t is fair to say that most people 
actively involved in the design 
or execution of laboratory ven­

tilation systems-especially, the 
non-recirculating or 100 percent 
"fresh air" type required in labora­
tories handling potentially haz­
ardous chemicals-are aware that 
the systems require a higher level 
of technology and experience than 
common recirculating systems. A 
significant number of fresh air sys­
tems installed today are not de­
signed or executed by St\asoned 
veterans, and unfortunately, many 
of these installations have failure 
reports associated with them. 

In light of this reality, this article 
presents a number of recent and 
not-so-recent advances in state-of­
the-art laboratory HVAC design 
that we uncovered during research 
for a pre-design study for a non­
U.S. firm that is one of the world's 
largest corporations. It is our hope 
that the material contained in this 
article will be used as a reference 
guide and will motivate the reader 
to seek out additional information 
from the sources provided. After 
all, we all know that good engineer­
ing starts with knowing where to 
find good information. 

Alternate design methodology 
Since our client was a process­

oriented company, they were par-

ticularly interested in having our 
study incorporate a narrative de­
scribing specific details of the 
methodology that should be used 
by the successful engineering 
firm. This methodology had to 
cover all required laboratory 
building engineering systems 
(mechanical, electrical, plumb­
ing), and how it would be trans­
lated into the final design. 

The client was surprised t o  
learn that we were not planning 
to adopt the process approach 
(steps or functions required to 
produce a product) incorporating 
piping and instrumentation draw­
ing (P&ID) documentation-the 
methodology commonly used in 
process industries to conceptual­
ize systems design. However, they 
asked what alternatives we could 
recommend. 

We pointed out that the major­
ity of American engineering con­
sult an ts with extensive chemi­
cal laboratory experience who 
would normally be deemed ex­
cellent candidates for considera­
tion had little or no process ex­
perience, and therefore, did not 
routinely provide P&ID services. 
W e  explained that the tradi­
tional method used in this coun­
try be described as "reactive de­
sign. " This approach could best 
be illustrated by the following 
comments directed to a client by 
a project engineer during a re­
cent kick-off meeting on another 
project: "You must give us spe­
cific functional and technical cri­
teria for all systems, such as en-
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ergy conservation, redundancy, 
fuel type, and specific needs for 
each location in the building be­
fore we can even begin to think 
a b o u t  starting our wor k . "  In 
essence, their conceptual design 
would respond only to the spe­
cific needs of the moment rather 
than b e  developed as a living 
process that could be refined 
throughout the design exercise. 

Our client directed us to seek 
out only those engineering firms 
with process and P&ID experi­
ence, and if any of those otherwise 
qualified engineering firms 
lacked that experience, they 
should be advised to add that ca­
pability to their team if they wish 
to be considered. 

At this point, you are probably 
wondering what was behind the 
client's insistence that the process 
design approach and execution of 
P&ID documentation be utilized. 
"In every process," as stated by 
the Instrument Society of Amer­
ica (ISA), "there are steps or func­
tions that must be measured and 
controlled in order to produce a 
quality product. Instrumentation 
is used to monitor and assist in 
the control of each process func­
tion. To develop a thorough un­
derstanding of how a process 
functions, it is essential to know 
which devices are included in the 
process system, how these devices 
are arranged, and where they are 
located." 

I n  essence, each laboratory 
building engineering system, es­
pecially HVAC, is a process and 
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should be conceptualized 
as such at the outset and 
constantly refined as addi­
tional information be­
comes available. Unfortu­
nately, this is not the way 
these systems are rou­
tinely designed in Amer­
ica, where control pack­
ages are typically applied 
after the system design is 
completed. In fact, it is not 
unusual for vendors to pro­
vide engineers with this 
documentation as a propri­
etary "black box" with lit­
tle detail other than per­
haps a verbal "sequence of 
operation." Could this, in 
part, explain the number 
of HVAC process failures 
or IAQ difficulties experi­
enced in recent years? At 
any rate, the client di­
rected us to incorporate 
process and P&ID docu­
mentation throughout the 
design exercise. 

P&ID documentation 
"P&ID," as defined by 

ISA, "is a map of a process 
that provides an overall 
view of the process and the 
instrumentation in a stan­
dard format. Instrumenta­
tion diagrams identify 
each of  the instruments in 
a process, their functions, 

Air Handling Unit -
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1 This sample P&ID document illustrates the major elements typical of both labora­
tory supply air and fume hood exhaust systems. Note that the process control 
components are tagged using ISA standard symbology, and all valves, sensors, 
fans, filters, and hoods are clearly defined. 

and their relationship to (Courtesy, Configuration Management Consultants, Chatham, N.J.) 

the other components in 
the system." Since the completed 
P&ID provides an overview of 
each system and its components 
using standard symbology, flow­
line diagrams, and alpha/numeric 
tagging systems allowing for 
rapid and simplified identification 
of system and instrument func­
tions, it can be used both during 
commissioning and in mainte­
nance operations to help trou­
bleshoot the system. In addition, 
this documentation will be neces­
sary if the facility you are plan­
ning will be ISO 9000-certified. 

ISA has developed a standard 
format and symbology for the 
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preparation of P&ID t h a t  i t  
refers t o  a s  "the language o f  in­
strumentation," which is now the 
conformance standard for ANSI 
and ISO. Today, the P&ID ap­
proach is routinely used by sys­
tem control industries to identify 
system sequence of operation for 
the design of all engineering pro­
cesses, including laboratory 
building engineering systems, 
with one exception-American 
HV AC systems. 

We strongly recommend that 
a nyone who is not acquainted 
with this design methodology con­
tact ISA (Fig. 1). 

Compact air handler 
As the design process began in 

earnest, the engineer estimated 
that 250,000 cfm would be re­
quired to support all anticipated 
operations. He proposed that four 
identical custom air handler units 
in his design were connected to a 
common fresh air inlet plenum and 
supply air header to provide the re­
quired redundancy if one of the 
units went off-line. The suggested 
schematic layout with the units 
placed in tandem and occupying 
over 7500 sq ft drove the client to 
demand an alternative approach. 

We suggested that the design 
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team investigate an approach in­
corporating the compact type of 
air handler that we had used on a 
previous project. One vendor re­
sponded to our inquiry by submit­
ting a proposal to use two 130,000 
cfm compact air handlers, each 
equipped with a unique fan motor 
mounting mechanism capable of 
supporting two fans and allowing 
one to be removed for service by 
rolling it out of the way with a 
minimum down time. The com­
pact air handler has another 
unique feature that minimizes its 
size. Unlike traditional air han­
dlers that force outside air into 
and through a long straight tun­
nel-like structure while passing 
through a series of filters and 
cooling coils, the compact configu­
ration arranges the cooling coils 
and filters in a multi-directional 
array, perpendicular to the fans, 
making the unit more square and 
significantly smaller than conven­
tional units without any reduction 
in operating efficiency. 

It was determined that adapting 
the compact approach would re­
duce the space required to house 
the air handling equipment pack­
age by as much as 60 per.cent-a 
very significant factor �ince the 
client had mandated that all me-

chanical equipment be housed in­
side the building envelop. In addi­
tion, using two units instead of 
four reduced energy consumption 
and maintenance costs (Fig. 2). 

HOPEC fume hood 
The fume hood is viewed by 

most engineers and facility man­
agers as an "energy hog" that 
drives up the operating costs of 
the typical laboratory facility. 
However, with rare exception, 
this view is not supported by the 
facts. In light of the current regu­
latory environment, more often 
than not it is the air change rate 
established by the facility's indus­
trial hygiene o r  safety p rofes­
sional to dilute pollutants in the 
air or to dissipate heat generated 
by laboratory equipm ent that 
drives energy consumption in a 
typical laboratory facility, not the 
fume hood. 

Three options were available to 
the design team to keep the hood's 
energy consumption below the 
other two factors: 

• Minimize the hood population 
• Minimize hood size 
•Minimize hood exhaust capac-

ity without adversely affecting its 
performance. 

While all are technically viable, 

only the third option has gained 
wide acceptance because its adop­
tion will not adversely affect labo­
ratory operations. 

Today, most fume hood manu­
facturers produce a unit that is 
capable of operating effectively 
with 50 percent less exhaust air 
than a traditional hood by simply 
incorporating a combination hori­
zontaVvertical sash. The concept 
of using the sash to minimize hood 
exhaust demand is called "Hand­
Operated Positive Energy Con­
trol" (HOPEC). In addition to its 
energy efficiency, recent testing 
utilizing the current ASHRAE 
110-1995 test protocol indicates 
that its containment performance 
is the highest of all hood types 
tested. 

If the fume hood is connected to 
an integrated, building-wide ex­
haust system and its exhaust re­
q uirem en ts are less than the 
other two factors, then it is clear 
that the hood demand is not the 
culprit. In fact, since it is part of 
the building exhaust system, one 
can rationalize that there is no di­
rect energy cost related to the 
hood operation. In essence, the 
key to a successful design is to de­
termine which criteria is great­
est: hood exhaust requirement, 

124ft ------..J 
Available floor area 124 by 104 ft 
M&I system requires 62 by 55 ft 

legend 
Item Description 
A Inlet plenum 
B Filter, coil, and 

housing 
C Inlet flow 

concentrator 

50 ft 

B 

D 130,000 elm axial 
flow fan 

---55tt---

E Exhaust silencer 
F Supply air plenum 

62 ft 104 ft 

j 

2A Dimensioned layout of the proposed 260,000 cfm 
compact air handling unit including component legend. 
(Courtesy, M&I Air Systems E ngineering Ltd., Mississauga, Ontario, 
Canada) 

AHU No. 2 

L--, 
__ , =-=c� ........ --- -- ' 

/ Outline of - - - - -L _ � conventional 

__ , 
system 

------- ' 
AHU No. 1 

28 Overlay drawing illustrating the two design options be­
ing considered; (4) 125,000 cfm traditional air handlers vs. 
(2) 250,000 cfm compact air handlers. 
(Courtesy, M&I Air Systems Engineering Ltd., Mississauga, Ontario, Canada) 
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air change rate, or heat 
dissipation volume. Once 
identified, this criterium 
becomes the ultimate 
driver for sizing the facil­
ity's HVAC system. The 
client directed the team to 
incorporate this hood type 
into the design (Fig. 3). 

Enthalpy wheel 
Heat wheel technology, 

r 

Desiccant coated 
total energy 
recovery wheel Return air from 

,.,'-_ _, laboratories 

Reheat coil 

an energy-saving device 
based on a rotating mecha­
nism that captures heat 

Outdoor air, 
300,000 cfm 

from exhausted air and in­
troduces it into the fresh air 
stream to temper the fresh air, 
has been around for many years. 
It has never enjoyed wide-spread 
acceptance among the mechanical 
engineering, safety, and indus-
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4A During the cooling season, 95 F outside air is tempered to 79 F and 
dehumidified when passing through the enthalpy wheel mechanism prior to 
its entry into the chilled water coils. (Courtesy, Semco Inc., Columbia, Mo.) 

trial hygiene community for 
chemical and biological laboratory 
applications. Resistance to the ap­
proach has been focused on the 
concern that chemical and/or bio­
logical contaminants could be 
trapped in the "wheels" transfer 
medium, released into the fresh 
air stream, and eventually recy­
cled back into occupied laboratory 
space-thereby exposing occu­
pants without any warning. This 
process, called "cross contamina­
tion" is quantified in the 1996 
ASHRAE Handbook: Systems and 
Equipment, 42.12. Purging is also 
discussed in section 42, and by 
adding a purge sector in the recov­
ery, wheel contamination can be 
reduced below 0.1 percent of the 
exhaust air stream concentration. 
Regardless, engineers should re­
view specifications pertaining to 
codes and discuss the issue with 
company-safety personnel. 

In recent years, improvements 
to the transfer medium have 
made this type of device more ac­
ceptable to the design and health 
communities. One manufacturer 
has developed a fluted recovery 
wheel and coated it wit h  a 3-
Angstrom molecular sieve desic­
cant allowing only m o l ecules 

3 The HOPEC IV low-volume fume 
hood with wood exterior surface to 
match the adjacent casework. 

\ 

smaller than 3 Angstroms in di­
ameter to pass into the fresh air 
supply. This barrier effectively 
traps most pollutants and trace 
chemicals and minimizes the po­
tential for their re-entrainment 
into the building. 

By using a desiccant-based me­
dia, the unit has the added ad­
vantage of allowing moisture to 
be exchanged between the supply 
and exhaust air streams, thereby 
recovering latent energy during 
the cooling season. When it is in 
cooling mode, the desiccant unit 
pre-cools and dehumidifies the 
air; in the heating mode, it pre­
heats and humidifies the air. Be­
cause the desiccant approach re­
moves both sensible and latent 
load from the exhaust stream, the 
building's chiller capacity can be 
dramatically reduced. In a recent 
installation, the chiller size was 
reduced by more than 50 percent 
with an initial cost savings of 
over a million dollars. Overall op­
era ting costs were reduced to 
more than $500,000 less-com­
pared to conventional solutions. 
The successful performance of the 
overall system drove the client's 
representative to observe that the 
air conditioning system does not 
know if it is summer or winter. 

Another significant advantage 
in applying this approach is the 

continued on page 60 
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COMPACT 
GI FAN 

INDUSTRIAL'· 

FOR 

APPLICATIONS 

GI Fan on cyclone 
air-recirculation 

system. 

Class II PLR Fan exhausting air 
from a dust collector. 

Write now for our 
Quality Equipment Guide. 

The best fans keep coming from New York Blower. 
With multiple wheel alternatives to choose from, we have the 
fans to meet your material-loading, flow, pressure, and efficiency 
requirements. From "dirty" systems requiring rugged, abrasion­
resistant construction to "clean" systems allowing high-efficiency 
backward-inclined designs, we have the answer. Where reliable, 
quality products and on-time delivery are important, look to New 
York Blower to help you select the best fan for your application. 

THE NEW YORK BLOWER COMPANY® LilJ 
7660 QUINCY STREET-WILLOWBROOK, ILLINOIS 60521-5596 -

TEL: [630] 794-570 0  • FAX: [630] 794-5776 • E-MAIL: nyb@nyb.com 
Visit us on the Web: http://www.nyb.com 

Circle 328 on Card; see HPAC lnlo-dex, p. 53 
February 1999 HPAC Heating/Plping/AirConditioning 59 



i 
I 

ii 
II •: 

• � .. ' '• • ' J.I •• • ' • • ' I ' • ' ' 
I 

. . . 
� . . ' 

. . . 
. . 

. . 
. . . . 

. . . .  

Outdoor air, 
300,000 cfm 

Desiccant coated 
total energy 
recovery wheel Return air from 

_,'--_ __, laboratories 

Heating coil 

cated, or split-flow fan/ex­
haust stack assembly con­
sisting of a direct-drive fan 
with a low-silhouetted, 
high-velocity exhaust noz­
zle and a self-contained 
mixing box or plenum. The 
direct-drive system was se­
lected to avoid the regular 
inspection requirements of 
belt-driven systems for belt 
slippage, bearing noise, 

48 During the heating season 10 F outside air Is heated to 61 F, and 
humidity is added wf'len passing through the enthalpy wheel mechanism. 
(Courtesy, Semco Inc., Columbia, Mo.) 

and lubrication leaks as 
well as the associated cost 
of maintenance. In addi­
tion, it was determined 

that the direct-drive system could 
reduce the overall system static 
pressulj,e-thereby reducing en­
ergy cost. 

continued from page 58 
elimination of expensive and cum­
bersome variable-air-volum e  
(VAV) control packages. The des­
iccant approach allows the 100 
percent fresh-air system to func­
tion as if it were a recirculated 
system (Fig. 4). For an energy and 
cost savings example using a 
generic recovery "wheel" diagram 
similar in Fig. 4, see accom!Xl-ny-
ing sidebar. 

· 

Bl-furcated fan/exhaust stack 
assembly 

Once it was decided that all 
laboratory air and fume hood ex­
haust systems, with the exception 
of those hood operations involv­
ing perchloric acid and radioiso­
topes, would be ganged together 
to a common exhaust system, at­
tention turned to the selection of 
the exhaust fan. Of special con­
cern to the client was that the de­
sign preclude the re-entrainment 
of contaminated exhaust air back 
into the laboratory and neighbor­
ing buildings. Compliance with 
NFPA 45 and ANSI Z9.5 were, of 
course, required. As part of that 
exercise, the following critical de­
sign issues were covered in depth: 
penthouse or open installation, 
stack h eight, exhaust-fume 
height and dispersion, exhaust 
tip velocity, belt vs. direct drive 
systems, and the use of a raw air 
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bypass and roof-mounted plenum 
to allow the fan to operate at con­
stant volume. In addition, both 
initial and operating costs, in­
cluding energy and maintenance, 
were factored into the system-se­
lection process. 

Based on our analysis, we rec­
ommended a dual-modular, bi-fur-

In selecting the direct-drive sys­
tem with its minimum inspection 
and maintenance requirement, 
we were able to rationalize the 
elimination of a conditioned pent­
house to protect maintenance per­
sonnel. This decision permitted a 
reduction in the building's gross 
area and the costs associated with 

"Molecular sieve" energy recovery wheels 

An example of estimated savings using "molecular sieve" energy 
recovery wheels for a 100 percent fresh air makeup application for 
a laboratory located in northern Ohio, could be as follows: 

Makeup of outside air (fresh) = 300,000 cfm 

Exhaust air passing through recovery wheels = 280,000 cfm 

Supply air to laboratory space: 
cooling operation 55 F db and 54 F wb Heating operation 65 F db & 53 F wb 

Exhaust air to recovery wheels: 
cooling operation 75 F db and 62.5 F wb Heating operation 70 F db & 55.8 F wb 

Laboratory operates on a 2 shifts per day, 7 days per week----Bin hours= 5847 
Cost of energy: $0.10 per KWH and $0.40 per Therm 

SUMMARY: 
Estimated energy required without recovery: 

Heating operation = 39.5 million Btus per annually 
Cooling operation = 21.3 million Btus per annually 

Total estimated operating cost annually for energy== $395,000 

Estimated energy savings with recovery (includes purge sector in each wheel): 
Heating operation = 34.2 million Btus per annually 
Cooling operation = 3.3 million Btus per annually 

Total estimated operating cost savings annually for energy== $160,000 
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its construction and operation. 
The split-flow, low-silhouette 

stack was selected when it was 
demonstrated that the configura­
tion aspirated clean air into the ex­
haust stack through the motor 
chamber void area and diluted the 
contaminated air under the stack's 
shroud. This allowed the reduction 
of the stack height without com­
promising the primary design di­
rective of avoiding re-entrainment 
of contaminated air. The low pro­
file made the architect happy be­
cause he did not want the building 
looking like the Queen Mary cross­
ing the meadow (Fig. 5). 

Wind tunnel testing 
We recommended that once the 

building design was complete, the 
engineer should arrange for a 
wind tunnel test of the building to 
confirm t hat re-entrainment 
would not occur. The test incorpo­
rates both smoke visualization 
and site sensor technology to pro­
vide the necessary data. Our con­
cern was based on two recent ex­
periences in whic h the wind 
tunnel test re vealed that the 

5 The bi-furcated fan design allows 
fresh air to be aspirated into the 

contaminated air stream as well as 
through the stack shroud, thereby 

encapsulating the contaminated air 
In the exhaust plume and allowing 

the stack to be shortened. 
(Courtesy, Stroble Air Corp., Bensalem, PA) 

buildings would have failed in 
spite of the fact that all appropri­
ate standards and guidelines 
were followed. In one case, the 
test demonstrated that the fresh 
air intake w as too close to the 
idling diesel fuel-truck station, 
and the intake was too close to the 
diesel emergency g enerator 
exhaust stack. 

Because of their unusual equip­
ment requirements, there are only 
a few nationally recognized con­
sultants who provide wind tunnel 
testing services. Preparing for a 
wind tunnel test requires that the 
design team compile a significan� 
body of detailed information. The 
quality of this information will ul­
timately determine the reliability 
of the test results. The informa­
tion requirements include: 

• A detailed topographical plan 
of the site and surrounding area. 
The plan must show the location 
and size of neighboring buildings 
and provide information about 
their air sup p ly a n d  ex haust 
points . 

•Emission source locations, 
flow parameters, and character-

--�--·--- -·- - . - - . . .. 

istics of diesel, process, and lab­
oratory exhausts. 

• Local meteorological data (an­
nual, hourly averages). 

• Architectural building draw­
ings of sufficient detail to allow 
the testing c onsultant to con­
struct a scale model. 

Conclusion 
A client's demand that all as­

pects ofthe design be executed us­
ing an approach unusual to most 
members of the design team of­
fered us the enviable opportunity 
to finally validate assumptions 
and criteria that we, as design pro­
f essi ona 1 s, routinely took foT 
granted for years. The breaking of 
this design paradigm also created 
a climate that fostered the pur­
suance of innovative and efficient 
solutions to common problems. HPAC 
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