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1 Introduction &4}

1.1 Background X

The heating, ventilation, and air conditioning (HVAC) system is one of the most critical
systems affecting the ability of pharmaceutical facility to meet its key objectives. HVAC
systems which are properly designed, built, operated, and maintained can help ensure the
quality of product manufactured in that facility, improve reliability, and reduce both first cost
and ongoing operating costs of the facility. The design of HVAC systems for the
pharmaceutical industry requires special considerations beyond those for most other industries,
particularly in regards to cleanroom applications.

A X 2R R G S 25 B A B H I RE N GBI R 2. 182410
PERGE XS 2R RGO B T ORI R GE P& 17 i, s e AEE, PRAR B
HRAE AU AT AR RISAT A o 1245 L) HVAC REEMITE, B T % EHAL R Z
BN 75 5 B IS, IR EORG FEVF 2R R, JCE I it

Each of the previously published ISPE Baseline B Guides for facilities (Active
Pharmaceutical Ingredients, Oral Solid Dosage, Sterile Products Manufacture,
Biopharmaceuticals, etc.) have included some discussion of the considerations for HVAC
systems for facilities of that type. This good Practice Guide is intended to supplement those
sections with more detailed information and recommended practices for implementation of
HVAC systems in pharmaceutical facilities.

DL H IR Bl 2y TAREph S 28 dR m ) it s i P2y sok), T I sl 44 55)
JCBE S AR, AEN A AEAE) AW T BB I HVAC Bt itie . Ikt g5
S ERAR B E A 45 H TR e kb 8 B 2 I HARTE R 1A S, R e I HVAC R4
FRPAT PR AL S e 1L

1.2 Scope of This Guide F8EIVE

The Guide provides supporting information and HVAC practices for facility types covered by
Baseline Guides.

AAER N (BRI 28 TREV S BEAMESR ) 30 MBS B M BRI 17 SCRp (i A 2 144k
ARG S S

The Guide provides an overview of the basic principles of HVAC only to the extent required
to facilitate a common understanding and consistent nomenclature.

PGP LR T AT AR GRS AHE I, LT SRt i 7 B AR S50 i 44 (10 3
Ji
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This guide addresses HVAC requirements in the following areas of facility lifecycles.

Establishing User Requirements
Design

Construction
Commissioning/Qualifacation
Operation/Maintenance
Redeployment for other use
Decommissioning

AR R M EL R JLAS a8 A i Jo 1A ik 23 S A R G ) 263K
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The guide does NOT serve as a handbook for HVAC design (e.g. it does not discuss the
details of sizing and selection of equipment. It does go into boring detail on the physics of air
and humidity.)

ARIEH A TAE R O R G TN W EABHE A BRI IR B H ARGy
B G T RS
The guide clarifies HVAC issues critical to the Safety, Identity, Strength, Purity and Quality

(SISPQ) for the production of bulk and finished pharmaceuticals and biopharmaceuticals, and
it considers the requirements for HVAC control and monitoring systems.

AR R T 22 A ) O J5URE 24 it 25 DL R AR 2 (R 2R 1 2 A L — Bk
B AURE. PR A BRI . ATRRI e T 2 I AP A R G K

This guide addresses how to implement the recommendations in the Baseline guide to meet
FDA and EMEA regulatory expectations for HVAC design.

ASEF U] T T hAT (B2 TR o BenE SR ) A B LAR 3 56 [ dh 25
R AR BRI 250 0P o 2 53 2 X6 238 T R gt v ) M T

This guide references but does NOT reiterate the issues or content from the Baseline guides.
The appropriate Baseline Guide should be consulted for regulatory expectations.
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AFEF FEAEXT T Baseline guides [/ &2 H i, Baseline guides idi T~ H R 2t ) & it
.,

>

The guide discusses the impact of external conditions on HVAC design.
ARIER TR T2 IR G AR S A B2

This guide attempts to give information in I/P and Sl units.

AT A T e il B o 1P R s L) SIS AR A TR 45 AR R

The user of this guide should apply good engineering practice in assessing which of the re
commended practices is most applicable to a situation.

ARG AT 5 N 1202 FHAG 75 (00 TR S B R PP Ay 4 1) S R 2 30 A2 75 FH TR e
I o o
1.3 Objectives of This Guide F5F HH)

Provide the Pharmaceutical Engineering Community with common language and
understanding of critical HVAC issues.

A2 TARR L AR A OC T2 Al 3R B8 ) 3l 3 1RV 5 RV B B A
Provide guidance on accepted industry practices to address these issues.
SR BtV TP B B DA PRSI 0]

Provide a single common resource for HVAC information currently included in appendices of

the various Baseline® guides.
o HATAN R BV R B B s P ) HVAC {5 B it 17— AN — Bl I 9 HVAC 8L

Target a global audience, with particular focus on US (FDA) and European (EMEA) regulated
facilities.

ARFGE I H PRS2 BRI, AR O 7 32 B & 0 AN 25978 £ )5y DL BN 245 400 V7 o
T DU I e ) £ 1 it
1.4 Definitions E&X

This GPG uses terms as defined in the ISPE Glossary of Pharmaceutical Engineering
Terminology and will not repeat these definitions here. Only new terms or terms specific to
the content of this GPG are defined in the Glossary.

AR T S BRI R R A T R UL ISPE 25 T AR I 2 B BT R, T
S B AR A T S B AT T PR A
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1.5 References &% 3CiHk

a.

o

b.

=

ISO Standards for Cleanrooms and Associated Controlled Environments

ISO 14644-1 Classification of air cleanliness

ISO 14644-2 Specifications for testing and monitoring to prove continued compliance
with 1SO 14644-1

ISO 14644-3 Test methods

ISO 14644-4 Design, construction and start-up

ISO 14644-5 Operations

ISO 14644-6 Vocabulary

ISO 14644-7 Separative devices (clean air hoods, glove boxes, isolators, and
mini-environments)

ISO 14644-8 Classification of airborne molecular contamination

ISO 14698-1 Biocontamination control, Part 1: General principles and methods

ISO 14698-2 Biocontamination control, Part 2: Evaluation and interpretation of
biocontamination data.

T R AT RS A I [ bR HEAL AL Z b v

ISO 14644-1 3515 & 7 2k
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ISO 14644-3 &I J5 1%
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1ISO 14644-5 #4k

ISO 14644-6 1d]L
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IEST Recommended Practices

>%

RP-CC034.2-HEPA and ULPA Filter Leak Tests
RP-CC006.3-Teating Cleanrooms
RP-CC012.1-Considerations in Cleanroom Design

BB AR P HERE L ik
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RP-CC006.3-7 %+ =5 #6.
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ISPE Baseline Guides
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d
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\ol. 1- Active Pharmaceutical Ingredients
\ol. 2- Oral Solid Dosage Forms

\ol. 3-Sterile Manufacturing Facilities
\ol. 4- Water and Steam Systems

\ol. 5- Commissioning and Qualification
\ol. 6- Biopharmaceuticals
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Vol. 2- 171 fi [i] 44751 284
Vol. 3-To i A7 &
Vol. 4- /K 5785 24:
Vol. 5-1f 5 K ik
\Vol. 6-2E 4112y

ASHRAE- specific ASHRAE documents which are used in this GPG:

ASHRAE standard 62.1 - Ventilation for Acceptable Indoor Air Quality

ASHRAE standard 90.1 — Energy Standard for Buildings Except Low-Rise Residential
Buildings

ASHRAE standard 110 — Method of Testing Performance of Laboratory Fume Hoods
ASHRAE Handbooks — Fundamentals; Applications; Systems & Equipment

- RIERIE . e 52 TR s -ia T AU Skt ma 1) ASHRAE SCAF

ASHRAE H5ifE 62.1- 1] 4552 5 P 205/ o o 1) 3 X
ASHRAE 1 90.1-FR A% 242 @ 34 M @ 30 e mbr it
ASHRAE Frf: 11045 I < 56 = 38 XURE M RE 1K) 7 %
ASHRAE FM-—JEAEN, M. RAEH K&

ASTM Standard E2500-07 — Standard Guide for Specification, Design, and Verification of

Pharmaceutical and Biopharmaceutical Manufacturing Systems and Equipment

f.

US FDA Guidance for Industry “Sterile Drug Products Produced by Aseptic

Processing-Current Good Manufacturing Practice” (2004)

g.

@D

Eudralex Volume 4 “EU Guidelines to Good Manufacturing Practice”

‘Medicinal Products for Human and Veterinary Use’
Annex 1: Manufacture of sterile Medicinal Products
Annex 2: Manufacture of Biological Medicinal Products for Human Use

. R EB R P br i E2500-07-12 . ADHI 25 HliE R WA RNE . Bt

o I bRHE R R

http://bbs.yaozh.com



YaezH EXRiLHT

f. SR B in S Y E BRI TN Iar . o L EAE IS 2907 - 2 i I 75 il 3 5

B (2004)
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h. The Good Automated Manufacturing Practice (GAMP) Guide for Validation of
Automated Systems in Pharmaceutical Manufacture

h. #1245 Tk A Zh L RGERERIL TS B S fil S8 B e
i. WHO document on HVAC-proposed draft, does not apply to this document.

i SR A UL HVAC SCHEANE FH T A de
J. CFRTitle 21 food & Drugs

. Part 11: Electronic records

. Part 210: Current good manufacturing practice in manufacturing, processing, packing or
holding of drugs; general

. Part 211 Current good manufacturing practice for finished pharmaceuticals

k. FDA Guidance for Industry/ICH Guidelines

. Q7A: Good manufacturing practice guidance for active pharmaceutical ingredients
« Q8: Pharmaceutical /development

« Q9: Quality Risk Management

« Q10: Quality Systems

j. FEBELLE Title 21 &5 5254

. Part 11: Electronic records Hi§ 31

o Part210: HETHIGTHIE. T2, e, WA LTS I S B-— g oL T 1)
o Part211: FIHTH R 25 7 i S

k. S 29 BRI OCT Tk e ICH R

o QA BT Tl 52 AR Y

. Q8: WK

o Q9 JurE XU BE

. QL0: JiER%
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2. Fundamentals of HVAC ZSELRSEKIFEAR RN

2.1 Introduction &4

Most people live in homes with equipment incorporated into the building to keep them
comfortable. They have windows to allow natural ventilation and heating and cooling systems
to maintain desired temperatures.

We have the same goal in our pharmaceutical manufacturing workplace-to make people
comfortable, but we also have the more exacting requirement to control the impact of the
environment on the finished product (i.e., product SISPQ).

This guide introduces the fundamentals of the HVAC systems that control the GMP
workplace environment. Only three room environment variables may have an effect on

product and processes (at the “critical locations™):

. Air temperature at the critical location may affect product or product contact surfaces

. Relative humidity of the air at the critical location may affect product moisture content ,
or may affect product contact surfaces (via corrosion, etc.)

. Airborne contamination at the critical location (may affect product purity or product
contact surfaces)

Some variables, such as local contaminants, depend on other HVAC variables such as room
pressure, air changes, airflow volume, airflow direction and velocity, and air filter efficiency.

REZBNEAEAT B WD b LML H QIR BT IE . AT 5 RS E B AR X AT
ARG v AR S8 LAORASF P it AU L o

PAAERIZS ) P AR H bR AEATERIE G . AR RS BATTE R Rl A e 3
IR AT B A I BER, e PR SISPQ (A — Bk AlEL. A, D,

SRR T R T2 TR G EEAMEN, 2T A AR ST T2 0 6 AL 24 0 o F
APFRNEI L) AT AT LN = ANANIRN S A A R REXS T i B L O (AR
AL ED

o ORHEALE R ZE R AT T REXS R O R T

o KB E IR 2R SRR AT Al BESS I il (107K 20 R s B A T G Ji ok
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zZ.zvwnatis HvVACY

HVAC (Heating, Ventilation and Air Conditioning) is the generic name given to a system that
provides the conditioning of the environment through the control of Temperature, Relative
Humidity, Air Movement and air quality- including fresh air, airborne particles, and vapors.
HVAC systems can increase or decrease temperature, increase or reduce the moisture or
humidity in the air, decrease the level of particulate or gaseous contaminants in the air. These
abilities are employed for comfort and to protect people and product.

LRSI PR . IR, AV S A UR A (L B
G AURBORRI ) KSR R AR S RGCRENS M T e
D BRI ORI S« WA A BURA A5 S . 28O R
SRERR IRy A A S L B L R 73 O B4

2.2.1 People comfort A 51 (4T id

The first role of HVAC system is to make people comfortable. We notice the HVAC system’s
performance when we are uncomfortable, but what conditions are actually required to make
people comfortable?

Four criteria are commonly considered for people comfort:

. Temperature

« Humidity

. Air quality (Contaminants, both particles and odors)

o  Air movement (airflow direction and speed to control “drafts”)

ARG R TR L LR N SR BETIE . AL B AIERS, FAIfi2
EE R LRGN ARSI, (BT AT TR B & 38 7 SRR L8 A A AT 42 e 2

AR YA 7 T2 % LI 5 RS 2

. HE

. TRE

o AR G54, BERRR SO

o RIEEN CH DARE I RUR ST ) S 3R
2.2.1.1 Temperature and Humidity EE S5EE

The following drawing shows two boxes which define “comfort” conditions (Temperature and
Humidity) that Americans find comfortable in winter and summer (from the ASHRAE
Handbook). This standard varies across the world-for example, in parts the tropics people
prefer an office at 75 degrees F (24 degrees C) to one at 72F (22°C).

It should also be noted that these are general guidelines, as many things affect these
conditions apart from individual preferences-the type and consistency of work being
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perTormed, Tor exampie.

This is apparent in the office workplace, with the different levels of clothing people wear,
some people dressed more heavily than others in order to be comfortable

CUR R BRI S BRI v 55 23 T TR T A SR (AR AR . RNy
A NSRRI P R P A o XA S AR HERE S T (AN TR AN A 90 820 44
AT X Ip A ARG O 75 IR (24 RIS AN 72 #RIGTE (22 %I
B

(ERERRRE, AR IADOE N BRI T 0, AT A7 AEVE 2 AR R i
7= (RN AmLFSL), e TAERSEBRIRR L.

RIS, EPAFENTGEAFE RN, —28 N F 25 Al N B 2 AR Ik A 2
GKEIEFIE

2-1 AL BRI AT ASHRAE 52 (1) 67 18 ity
2.2.1.2 Air Movement ZXizzh
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S0me people preter a lgnt sensation ot air movement and some prefer still air, so a typical
design figure of 0.1m/s (3 ft/sec) is used in an office environment. Greater air velocities are
usually needed for product protection.

I8 N B R BN TR OE S, S S NE R EAS S, TR A F
W, SRR AN TR EAE S 0.4m/s(3ft/sec) . I T B KA XUE R AR S o
2.2.1.3 Air QualityZ=< i &

People need fresh air to dilute exhaled carbon dioxide and other environmental contaminants.
The amount of fresh air required depends on the activity; the table below shows typical
oxygen use for different levels of activity.

Level of exertion Oxygen consumed L/min
Light work LT 0.5

Moderate work 0.5t01.0

Heavy work 10tol5

Very heavy work 15t02.0

Extremely heavy work | GT 2.0

Table 2-1 oxygen consumption by activity level

The amount of fresh air required to dilute environmental contaminants is a minimum of 15 to
20 cubic feet per minute (cfm) or 24 to 32 cubic meters per hour per person.

AT 8 ) 25 SRR Wt ) S A AT AR A o (K95 G o T ot R BT 8 2 U )
ARSI e TRV T ANEZKP 135 8l 20 8 H R R .

WA | AUHAER Lmin
BE/E | LTO05

/RN | 05t01.0

AR 1.0t0 1.5

AEH EAEL | 1510 2.0

W EAEL | GT 2.0

Table 2-1 ARKFHIESIHNEASHERE

B RS vh s e 1 e /N BT E S S B 16~20 77 R R4y AR 24~32 37 K1
N NS

2.2.2 Product and Process Considerations 7= 445 T 273 &= 25 10

Product may be sensitive to temperature and humidity and to airborne contamination - from
outside sources or cross-contamination between products. Process operators may need
protection from exposure to hazardous or potent materials

It is usually possible to find the product’s environmental requirements, ad they will be listed
in the DBA when they are considered critical. The impact of conditions outside these ranges
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WIII aepena on tne auration ot exposure-prolonged exposure time may reduce the efficacy of
the product.

Control of airborne cross contamination and contamination are always major issues. These
requirements are often interlinked with temperature and humidity-consider the effect of
temperature for example;

Comfortable people work more efficiently-they are more productive, and make fewer
mistakes. They also produce fewer environmental contaminants: A typical person will give off
100, 000 particles a minute doing relatively sedentary work (particles sized 0.3 micron and
larger-a human hair is approximately 100 micron in diameter). A worker who is hot and
uncomfortable may shed several million particles per minute in this size range, including
more bacteria.

Environmental conditions inside a building can influence the product in other ways —higher
temperatures and humidity tend to increase microbial growth rates, particularly with regard to
mold.

If building conditions are significantly different from those outside and the fabric of the
building does not have sufficient integrity, condensation in interstitial spaces can occur and
can lead to microbial contaminant problem and deterioration of the building.

Operator protection also depends on air flow direction both within and between rooms.
Airflow can entrain particles of product, product in other rooms, or other hazardous materials
harmful to operators. Though differential pressure is commonly used as a control of
contamination between two rooms, it is the airflow generated by the differential pressure that
contains the product.
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2.2.3 How does the HVAC system control these parameters? 454k 5 G8 ] 25 il ix 46
ZH?

2.2.3.1 Temperature and Humidityi& & 58 &

The HVAC system controls the temperature and humidity in the room using the mechanism of
supplying the room with air at a condition that, when mixed with the room air, will yield the
desired temperature and humidity.

The heat gains and losses to and from the space are through the usual mechanisms of heat
transfer-Radiant, conductive and convective heat transfer, these may be due to solar gain,
external temperature outside the facility, and internal heat gains due to the process, equipment,
people and lighting.

The changes in humidity are due to the process, people and the environment. Moisture
migration into the controlled space from surrounding areas is governed by the difference in
vapor pressure, as defined by Dalton’s law, and can sometimes migrate against an air pressure
differential

A RS MR LU HLHOR IR IR S 5 iR IS = NI S ORI E N
AR IR AR P it R SRR

AR () RAT 5 2 2ol o i DL () A i A adfs L S R AT WA, X
SO AL R T RECK B TORPHAE, WML, M T2, W& TAEAN DL IS ™
A ERHE R

WM T2 TENGG. AR . IEWE /R o e LI, 7K43 i R
DX 3k 1] 52 42 20 TR R 4 A% 7 28 U 2RI, AN, OK I IERE S R Z 5
2.2.3.2 Air velocity &S %

In a working environment, air velocity is not as critical in terms of human comfort as it is in
an office environment. Velocity is critical to proper mixing of air within the room and
transport of airborne particulates.

E TAEMEE T, SR TAEN R &P IE B B s A i S AR R K (H S Ik
X3 NSRS T SRR I e R AT A5 S 520
2.2.3.3 Particulate/fume and vapor control SRz, M 528K 15H

The control of the particulate levels in the room, and in some cases vapors/fumes, may be by dilution and
displacement, controlling the particulate levels in the supply air through filtration, and vapor/fume level by
the use of exhaust and replacement (makeup) fresh air where necessary.

T ABORL. MY 28R S R AR R R B e S Y o 3 i T ke i A P
RO, T AR SR R R TN E S (R Pl s SORFE MM 22 B2 &
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2.2.4 What can’t the HVAC System do? %551 RGAREMAT 4 ?

HVAC systems are not a substitute for good process, facilities and equipment design and good
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operating proceaures, HVAC can not clean surfaces that are already contaminated, and as a
practical matter, it cannot control processes that generate an excess of contaminants or
compensate for improperly designed or maintained facilities. HVAC, while a common suspect
area for investigation, is rarely the cause —or the solution- for persistent contamination
problems.

PRGN T L B, B BRI R IOBRAE TR AR, e R R
ORI, BRI, (R R RAT RYS E TE, ARl
S LB SR B A P R . A A MR BE OB, 2
MRS S SRR e b B B S 7 3.

2.3 Airflow fundamentals = i34 J&
2.3.1 Introduction fij /)

As was discussed in section 2.1, HVAC can contribute to the control of temperature, humidity,
and particulates within a space. In order to understand what equipment is needed to achieve
this at the HVAC system level, we must first define what the air is intended to do at the room
level.

Both the quality (temperature, humidity, filtration) and quantity of air introduced into a room
affect its ability to maintain environmental conditions. This explores the effects of physical
layout (geometry), air velocity and air volume in assuring effective ventilation.

B0 2.1 WHTIRIRI—FF, FEEML RGeS T B S M P L R BRI
N T BB B AR R TR RN ELK, BATTA A S e T E N
BRI

FENTAE GRE. BE. 3 5HE S E NIRRT . ATTRR
TWEAG JR U E D AAARRGE . ARG R R U RGE R0

2.3.2 Ventilation Fundamentals 3 3 A J& )

Ventilation is the movement and replacement of air for the purpose of maintaining a desired
environmental quality within a space. Ventilation is responsible for the transport of airborne
particles, the movement of masses of hot or cold air, the removal of airborne contaminants
(e.g., vapors and fumes) and the supply of “fresh” 02 rich air.

Although the layman may be conscious of the term “air change rates” (more properly called
“ventilation rate”), successful pharmaceutical HVAC design can be attributed to proper
filtration and attention to the physical geometry of airflow in a space, the layout of inlets and
outlets with relation to the sources of contamination/heat and accommodation for expected
obstructions are key to controlling contamination and yielding effective HVAC design. The
relationship between factors is expressed in the “effective ventilation rate” for a space. This
measure expresses the efficiency of the HVAC system at removing contaminates expressed as
a % of the theoretical performance of perfect dilution. When comparing the effective
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venulatuon rate OT varlous aesigns, It pecomes clear that good layout and filtration can
produce desired airborne particulate levels and recovery rates at lower than expected air
change rates.

WHNE P TR IE S A B, RS 25 A A OR KRB 2R A B i . T X
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R R I ARG R N R ERRCE a% & 2 LR [F) v i Rk
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2.3.3 Contamination Control 75 4427

The primary factor that separates pharmaceutical HVAC from comfort HVAC is the need to

13

control contamination. This stems from the need to assure the “...purity, indentity and
quality...” of the product (21 CFR211). Pharmaceutical HVAC is one tool in preventing
unwanted environmental contaminants from adversely affecting a product and to prevent
products from contamination one another. It can also assist in limiting operator exposure to
potent pharmaceutical compounds, ingredients or reagent vapors. Contamination control is
generally achieved by filtering the incoming air, to assure that it does not carry particulates,
and then introducing the air to the work space at sufficient velocity and volume to transport
unwanted particulate out of the work zone, the orientation of these airflows can aligned so as
to protect product or personnel by sweeping across one or the other (or both) on its way from
the supply terminal to the extract point. Local supply or extraction can also assist in

contamination control by creating a local environment that excludes or removes particulate.

Pharmaceutical HVAC can help control contaminants within a space, but these facilities must
be designed with several additional features that contribute to this mission of limiting the
migration of contaminants.

T2y Tk A g 2 A AR G X T3 R G AT ) 2 A R AL I T R AR A T
X G o V9 B i 25 Tk 7 b el Bk ORI SR BTG R . i
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PEAE T SRl B BE SR BRI URL A, R) DA B R RS 4
2.3.4 Airlocks < [

In order to minimize the amount of air that is needed to maintain particle transport velocities
(typically over 100fpm times 21 square feet of open door area equals 2100 cfm) it is desirable
that the doors of a contamination controlled space remain closed, one way to do this is to
provide airlocks or “ante rooms”. These rooms control traffic into and out of a space through
a series of interlocked doors to assure that a door to the space is always closed.

Airlocks serve other purpose as wall:

o They maintain some differential pressure between the two areas they serve, such that the
DP can not drop to zero

o They provide a location for gowning/de-gowning prior to entering/exiting a classified
space

e They provide a location for sanitizing/decontamination of incoming or outgoing materials
and equipment

e They can be designed with a small volume and high air change rate to allow them to
recover quickly and function to minimize the particulate introduced to a classified space
by door openings.

o They provide can provide a high or low pressure buffer to control the ingress and egress
of contaminants.
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2.3.5 Classified Space 7)25%% ]

A key measurement of room environmental conditions for pharmaceutical operations is the

concentration of total airborne particulate and/or microbial contamination within the space;

this is referred to as the “classification” of the space. Several systems have been promulgated

for the classification of space; however there is not consensus between international
regulators on a single best standard for classification. To bridge the gap between the various
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stanaaras, tis guiae proviaes tne toliowing reference to be used across facility types
requiring air classification, (primarily facilities for sterile/aseptic manufacture and for
controlled bioburden processing, such as bulk biopharmaceuticals). It should not be used for
other facilities, such as bulk chemical intermediated or oral dosage finishing. See the
appropriate Baseline Guide for specific air quality information.

TR 2 R I = A PRSI S BRSO RORE R AN ] R A
VT R X B T AR HVFE RGN T A o K RE, HE T
BT A B FE Bl i) e R 73 IR iE o O T AEANR] FORR T Z [R]85 — ARl
2, AfERRUE T LU N2, XS] DAY BRI RI L) A8 e
i T M AW T 2T, W EY s R 2y) Do BRI T ISR A T
J ot AR AR SR IR AR S B T B A R A A WA Y i
Eieg

REFERENCE DESCRIPTICH CLESSIFICRTICN
ISPE STERILE BASELINE | ENVIRONMENTAL CLASSIFICATION | GRADE S | GRADE 7 | GRADE B | Controlled Controlled
GUIDE Not Not
Classified Classified
Draft 2008 with local
monitoring
Eurcpean Commission X X - L - .
Descriptive Grade B C Iy Mot defined
EU GMP, Annex 1, P = (Notel)
Tolume 1V, | &t | Maximum no.
a2 o VR N T B _
Manufacture oL | Res | particles 0.5n 3 500 S 500 35tnQ0Q | 3 500 000
Sterile Medicinal | ¢ permittad Su 1 1 Z 000 20 000 -
Products (19497} also (Mo | per m3 2 the
PIC/E GME Annex 1| ze statsd sizs
2002 2)
In Maximum no. | 0.5p 3 500 | 350 000 [ 3 500 | Mot stated -
Ope | particles {Note {
rat | permitted 3}
ion [ per m3 Z the < . e e 1 a
00 ) 000 T -
stated size B = MM = MU Not state
Maximum permitted < 1 < 10 < 100 < 200 -
numoer of viabls
organisms cfu / m3
In Maximum no. 0.5 150 5 | I50 T | IS0 8 |- -
articl = z (c (c
FDR, Cerober 2004, Ope | particl L.,}f.s.s ul.,laf.f. ulu:_:Lass
s . | rat | == the 100 10 000) 100
Guidance for Industry |’ . o
ion | permitt 000)

Sterile Drug Products

Produced by atated
31z8
£ 2-2 HEEMEXTLL
S bk g Iy RER
ISPE TG 1 %t AN 5 7% 8 % ORI | e
HEFRE Bz | a2k
2008 “F 5w Aoy R | Xk
Rk EU | flidork A B C D TRE
GMP, V&, | #4& m* RVFHI | 0.5u 3500 3500 350000 | 3500000 -
s 1, O 2 LA TN A 5u 1 1 2000 20 000 -
TR I | WORL A& = Bt
PIC/S GMP [ff FIRA
5% 12002 A & m® AV | 0.5y 3500 350000 |3 500 | EHiE -
s K H 000
gk T 4% = 7 | BM 1 2000 20000 TR E -
SR =
B m AVTRET AN | <1 <10 <100 <200 -
¥ cfulm®
FDA, 2004 % | Zh%& 5 m’ VR | 050 ISO 5100 |ISO 7|1SO 8] - -
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Pharmaceutical HVAC can help control contaminants within a space, but these facilities must
be designed with several additional features that contribute to this mission of limiting the
migration of contaminants.

24 ok b 2 e R GERE s 4 ) 22 () IRV S e, (H2 g U S VR 2 LA IR Al —
AL BEVE A RE DR UL SE A% TS SR A i o

2.3.6 Total Airflow Volume and Ventilation Rate /5t X\ & 5 1 X%

Much has been made of the importance of “air change rate” (volume of air/hour = room
volume) or “ventilation rate”, the number of times in an hour that the air volume of a room is
replaced. Little is said about the relationship between these rates and the classification of the
space, recovery rates and the more important issue of total volume of ventilation.

When considering the design of classified space, designers will often first consider the
requirement for 20 Air Changes/hour (AC/hr), expressed in the 1987 FDA Sterile Guide. In
lieu of calculating the airflow required by the process, many will default to “rules of thumb”
for ventilation rate by the class of space, typically in the ranges:

e 15-20 AC/hr for Controlled, Not Classified (CNC) spaces
e 20-40 AC/hr for Grade 8 (EU Grade C)

e 40-60 AC/hr for Grade 7 (EU Grade B)

e 300-600 AC/hr for Grade 5 (EU Grade A)

As seen below, these rules of thumb may be overkill, or may prove to be insufficient. The
airborne particle levels depend more on a number of factors.

Be AR MR IR B L, BUEE e AN NI O R A R e 1 O
2RISR = 2% P > e 2% M B, o
CRIURE L o g e BT N, S5, WAL IR RE2

KA DY, JEIHZAMREE, e A HEZER A,

B N AT 73 R AW I, B S 1987 4RGSR IE 2545 £ i A B R AT (1)
T FEr, LA 20 ACIhr BTl o PN [R) S8 031 2 1] FRO XA 20 56 00 s R T 20
R R T B A an

o 15-20 AC/hr ZAHAFF43 1A (CNC)

e 20-40 AC/hr for Grade 8 (EU Grade C)

e 40-60 AC/hr for Grade 7 (EU Grade B)

e 300-600 AC/hr for Grade 5 (EU Grade A)

WUR AR, BRI e A7 AT B 225K A RIURL 55 SR AR 0 A7 ] RE Ik AN BIRURL 5 F bR
e AR S R R 2 R R IL A PUE

2.3.6.1 Air change or Air Flow? ZXXBEREZSHE?

These air change rates often drive decision regarding room size and airflows, and can have
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signiTicant cost Impiicauons, but ao not relate directly to the particle count in the room. Air
change rate are related to the room’s ability to recover from an upset, not the room
classification-as is commonly assumed. To explain this difference:

Assume a 1 cubic foot volume with a process inside it that generates 10,000 particles per
minute. If we purge the volume with 1 cubic foot per minute of clean air, the steady state
(equilibrium) airborne particle level will be 10,000 particle per cubic foot (see the Appendix
for equations). This 1 CFM creates an air change every minute, or 60 air changes per hour.
This value (60/hr) is often assumed to be more than enough to keep a space well below 10,
000 particles per cubic foot (PCF).

AR MEABTR G TRERIGE, N AR BE 2, HEIFANERE =
PRITRE & o R U D TR TR BUIR S IR I RE ST, AN E R K ZHNECE K —FF,
5 D 1) 4 3 AR &R o LA 30 B -

€ — AL 2R R 1 ALJ7 5 R, A48 4 10000 Bkt . W R IRATIA 1 5777 9¢
U735 CLCEMD) HIHFTIEA ", I8 728 1) Y FRRIORE & S K 4R A — N P45 7K F: 10000
RS 759 R (10000CFMD . It ICFM 2 i i 2R T 1 3k/4y (B 60 RIS 4
AR BRI 60 KR A W AT B A 2 Ta) A RCL 1% 1z 1z 11~ 10000 Fi/
37 J5 9% R (10000PCF).,

Now put the same process into a 100 cubic foot volume and keep the airflow at 1 cfm,

assuming good mixing inside the room. Now the room sees an air change every 100 minutes,
or about 0.67 ac/hr. Yet, when we calculate the dilution, the equilibrium airborne particle

counts are still 10, 000 PCF (I0I000IpaHiCIeS e RmiRUEiVided A CubieooHpERmIRuEE
H00NRaiCIESIRERBUBIENG0I). 1T e would supply 1 air change per hour (100 CFM) of clean air,

the room airborne counts drop to 100 PCF!!! So it’s not air changes that determine airborne
particle counts, but three factors (referring to the Appendix)

1. Particles generated inside the space

2. quantity of dilution air supplied to the space (cubic volume per time)

3. Cleanliness of dilution air (assumed to be negligible in pharma due to HEPA
filtration)

HAE, AR T 28T 100 7 7 s RS ], 23Sy 1ICFM, B2 2R N #2S,
BENS 7 TR A IXKE, SRS R ARy 1 URI100 08 (X 0.67 IRIZNI . B, &
MmN M ok & & Uy 4k 4 10000 i/ a5 $% U (10000CFM)

B if =< ie (RIS EA 100CFMD, 84 B [R]RA0RE 2 fofs 4 42 100 JU/ 7 7
Fe U (100PCRY ! Yl Eml%n, ARARRLE EIFASE TR IGER, 2 EL N =4
IR -

1. % P RIDRE IR = A
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2. ] 5 N B pL IR e 2 i (SR =/ Ta))D
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i e A ANF D

As is demonstrated elsewhere, a room receiving only 1 air change per hour will take hours to
“recover” from in-use to at-rest conditions. With clean air supply of 20 air changes per hour, a
100-fold recovery in particle levels can happen in less than 20 minutes (see the ISPE Sterile
Baseline Guide). So when it comes to Recovery, air changes are important, 20/hr often being
the minimum for classified spaces.

Although the layman is conscious of the importance of “air change rate” (more properly
called “ventilation rate”) successful pharmaceutical HVAC design can be attributed to proper
filtration and attention to the physical geometry of airflow in a space.

HIRFE 1 RN R 2 7 SR I AT = N S S PRSI 2R EIRAS . 1y
20 RIS SR BERS AE 20 23 N AERURE &5 S FE{IS 100 55 (WL ISPE o b 2L HETR F ) o
P A0 = AR IR S RE D AR R B 2E, 20/hr 2 FH (R 13 S5 40 23 8 2 [R) 1) e /)
B

BARATAPN DU H AR RIS A2 <l XD, AH R i 24 Tl b g 28
AR GE I BT B0 YA Ty IE A PR I 98 8t MO = [] A A B LART T AR TR EE A

2.3.6.2 Impact of UDF (UFH) hoods on air change rates £ [a]S B 5 S R KA

Later sections will discuss “mixed flow” room with clean air supplied at the ceiling through
terminal filters as well as clean air being introduced to the room from unidirectional flow
hoods (UFH or UDF, ONECE CALLED “Laminar Flow”) operating inside the room. Since
air leaving the space served by the hood is often orders of magnitude cleaner than the room it
leaks into, the relatively clean hood air serves to dilute airborne particles in the room, along
with the supply air from the HVAC. In many respects the added flow from the hood not only
reduced airborne particles in its path, but can also accelerate the recovery time of the room
from in-use to at-rest conditions, the entire flow from the hood will likely not be available to
add into air change calculations, however, due to:

® Short circuiting of the hood air back to the hood inlet. Only areas near the airflow path
will see the added dilution.

® Hood air is not as clean as HVAC supply air, even though the hood might be rated as
Grade 5 (class 100) the air leaving the work space has collected additional contaminants from
equipment and people outside the critical zone.

LR B RS R i 28 I PR AR 4R i v 2 R U, IR i =
R TR /TR AN oW 0 R e e P /S B S R R R = fnl = R 52 0 = e
AR 2SS VE 2, I ARG 1 1 RO R S SRES 5 2 U R S 2Rt
TRk = A BRRORL S e VRIS, e BN R R AN RES (AT e i 223 11 it
PR TABURL & B, RN 3 ) U T 5 N 28 A HPARES A IR EUIRZS i e T F
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2.3.7 Room Distribution and Quality of incoming air /5 i) 4 J&j A1t < it =

The layout of inlets and outlets with relation to the sources of contamination and
accommodation for expected obstructions are key to controlling contamination and yielding
effective HVAC design. The relationship between these factors is expressed in the “effective
ventilation rate” for a space. This measure recognizes that good layout and filtration can
produce desired airborne particulate levels and recovery rates at lower than expected air
change rates.

Taking the example above, good air mixing (dilution) and faster recovery can be
accomplished in a room where clean air supply is distributed over a high percentage of the
ceiling and not just from one air outlet. Although it’s not necessary to create a “laminar flow
ceiling”, numerous air outlets equally spaced with equal flow rates can create a “plug flow”
for faster recovery (often less than 10 minutes for 20 ac/hr) and also prevent “hot spots” of
high particle count in the room.

BHRMEC, HEC % 1S SRR U0 2R L LR P RO SO G B, 3 Pl
e BeUF R HVAC FREEIISBE . A2 IR o B OB P e 7 13
I 06 5 A 5 e 52 T ML 038 26 7 2t 2 SR R 7 K
PR .

e A AT 5 LB RAEBTEE R A S R R0 2 U A
CRRE) ABCHRITRAE A ). AR VEARAS I FAER A R, AR T
HECREAERS P TR S R A, TR BRI % (M 10 4 Bk 31

2.3.8 Airflow Direction and Pressurization <3 /5 [n] 551

Since constructing a space that is totally airtight is not practical is normal construction, other
means must be provided to assure that particulate can be prevented from migrating into or out
of a space. Assuring that air is always flowing in the desired direction through the cracks in
building construction (door gaps, wall penetrations, conduits, etc,) can influence
contamination through the transport of airborne particulates. A velocity of 1-200 FPM will
contain light powders and bioburden

One method to control this direction of airflow is by controlling the relative pressurization of
adjacent spaces or the Differential Pressure(DP) between the spaces.

A simplified method (neglecting the orifice coefficient for the opening) to calculate the
expected velocity of airflow from a given pressure is:
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V=40Ub (SQrT VF) Or VIP=(V/4UUb) (wnere V is velocity in ft/min, VP is pressure difference in
inches w.g., A is area of the opening in square feet, Q is airflow in CFM)

-We can breakdown velocity as being volume divided by area, giving V=Q/A, or
VP=(CFM/4005A) 2

-Assuming room DP converts fully to Velocity Pressure thru an opening (a conservative
assumption), calculating the opening area, such as the crack area around a closed door
between rooms, allows calculation of the airflow (CFM) required to create a pressure, or the
velocity that results from a known DP.

-for A=1 sq foot (0.1 sg. M) opening, 890 CFM (about 1500 CuM/hr or 0.45 CuM/sec) will
create 0.05” w.g. (12.5 Pa) differential pressure (V=Q/A=890 FPM=4.5 M/s)

1 T0F T L R Tk U, et 2 B ) AR A TR AN SIE 1Y, P DA ADh 75 2R FH At 77 2%
SRARAE 22 17) HL AN 2 0 N B RORE . (B8 R RERS — B PUT 177 sl , i
{5 BE A% 30 3oL 25 IR JORE AR B R S i v Ytk 2

P TT 1) )b T 3 8 4 i SR A DX 358 (R A 0 38 H 5 1) 2 1) R s 22

— PR 2R AL BIAL R AL, THEAE 8 B 1A AR I T VA T

V =4005xWP i VP=(\%OO);

Hrpe Ve AR, A7 e U5

VP: K7, 7. Jf /KA

BATAT LA SAR G T O B T AR i ki &, B

V=0, s ve=(CPM

Hp: Q: Ak, 7. TR/ (CFMD;

A: JUEER, BAZ. SPITOER

B B N R 22 56 A LA AR R AU, T OE T AR, (e QAR s (] T T 48 BRI AR,
XA P AR (CRMD THSCH T I 22, Bl AN i F 22 o S UM s
filtn: A=1 SFF9E R (0.1 ~FJ5 oK), SARULEA 890 v RSN (£92% 1500 K/
I ER 0.45 K/53450), AN A SR NN 0.05” w.g. (12.5Pa) (V=Q/A=890 FPM=4.5
M/s) .

2.4 Psychrometrics ¥ Wl 5E 4=
2.4.1 Introduction f&j 41

Psychrometrics is the science that involves the properties of moist air (a mixture of dry and
water vapor) and the process in which the temperature and/or the water vapor content of the
mixture are changed. Psychrometrics — “psychro” means moisture and “metrics” means to
measure. A psychrometric chart is used to identify conditions of air and to illustrate the
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process oT acnleving the aesirea state ot the controlled space. An in-depth knowledge of
psychrometrics is impossible to impart in this document; the reader is referred to other
sources such as the ASHRAE Fundamental Handbook.

W BEM 8 M SOl R R U7k RS W) 1 it DA R R i 5 K28
R R R R . Psychrometrics iX4Mid, psychro 77K 43, metrics F£78 5
Vo WL E P T AT 3 AR A LR Joe G 52 48 [ e AR kg BSOS I LR R . AR
WA RN BRI O, e v DA E A Bk}, . ASHRAE S
A5 0 o

2.4.2 Basic Properties of Air &5 (I EEA T BT

2.4.2.1 dry air is comprised of 78.1% nitrogen, 21% oxygen, and has trace amounts of ten
additional elements totaling 0.9%. the air around us is a mixture of dry air and water vapor.
When this moist air reached a level at which it can not hold any more moisture, it is said to be,
“saturated”. The colder the air, the less moisture which can be held in the air while warmer air
can hold larger quantities of moisture in the air.

2.4.2.1 TRRAASH 78.1% M) R 21% )% TR 0.9%I1) -+ A AR 4 Bl AT H
s ot TR U K& R G WA R ARERHRRR B 2 K 0 & &)
WA AIRE SIS, IR IR RIK B RS S, P REORRRIK 0
2.4.2.2 The moisture in dry air (its specific humidity) is measured in grains of moisture per
pound of air (7,000 grains equal 1 pound). Air at 75°F and 60% RH has a specific humidity of
78 grains of water per pound (7000 grains) of dry air. There for, one pound of this air contains
77 grains of water and 6923 grains of dry air.

2.4.2.2 TREAAPIKS O (L) BB BB 2P S 1K grains %7 (7,000
grains 25 1 115D 75 B ECBE, AHRHE B Ry 60% (1) 45 <) LUtk RERE T4 23S P& 78grains
Koy, BRI, —BEEE 2SR & 7T7grains K43 6923grains 54K o

2.4.2.3 A psychrometric chart provides an overview of thermodynamic properties of air-water
mixtures, and shows the relationships of air at different conditions. Of any two properties of
the air mixture are known, the chart allows an engineer to determine all its other properties.

Air-water vapor mixtures have interrelated psychrometric properties that can be plotted on a
psychrometric chart. (See Appendix for psychrometric chart discussion).

2.4.2.3 WA TR ML 7T A KRS P S iR, B T A RPRAS T
FARMMHRFR . HECH RGP EMAED, TR T o 5 2 -K RS
PR AR AT PE T 5 - B P PR B2 1 AR FL ORI, HL BB Ak & T Al o
SEEIT OB SRR,

2.4.2.4 Sensible heat causes a change in the temperature of a substance. Sensible heat can be

“sensed” or felt and quantified by measurement with a dry bulb thermometer. Addition or
removal of sensible heat will cause the measured temperature to rise or fall. Sensible heat

http://bbs.yaozh.com



YaezH EXRiLHT

Snows on the psycnrometric cnart as a norizontal line; there is no resulting change in the
amount of water vapor in the air.

2.4.2.4 TEINEERG A AR B A B AR o T BRILEE T BE S TN I A A . AR 1 0 =
Pl DR 5 R ot B2 B T e B . AR T SR T Ok e B S S 8
TP HIRZE RS BRI AR

2.4.2.5 Latent heat comes from the Latin word meaning “hidden”. Changes in lateen heat are

neither “sensed” or felt; however they will cause a change of state in the substance. Latent
heat is the heat required to evaporate the moisture which the air contains.

For example, if sufficient latent heat is added to water in the liquid state, it will change state
into a vapor or steam. The change of state from a liquid to steam is called the “latent heat of
vaporization” and from a steam to a liquid is called “the latent heat of condensation”. The
change of state form a liquid to a solid is called “the latent heat of fusion” and from a solid to
liquid the “latent heat of melting”. Latent heat appears on the psychrometric chart as a vertical
line.

2.4.2.5 “W IR T RO B 2 L T 30 WA AR AL AN RN E Bl AL (2
T AR BENS T B OISR o« I HVE P RS T A . ldn: 2R
ARG IR RIS KT, IR TCRH AR AR 78R WIS AR g A AL
WA WA AR A AR MYV B #4 s DAV A D i A P [ v A s A A 2 A8 DAl
AU AR T o VBRI P T SR B b O T T LR

2.4.3 Psychrometric Properties of Air 45/ [f)i i P 5t

See the “Appendix for a discussion of the terms used in Psychrometrics and for an
explanation of the Psychrometric Chart.

Measurable Psychrometric Properties Calculable Psychrometric Properties
Dry-bulb temperature tos Specific enthalpy h
Wet-bulb temperature twe Specific volume Vv
Dew-point temperature tos Humidity W
Relative humidity RH Water vapor pressure Pwyv
Barometric pressure Pear

Table 2-3 Psychrometric Terminology
JLBR SR 3t 00 Al P 1 Ja e AR v S R A R
AN PR R 1 Calculable Psychrometric Properties
+ BRI E tos kS h
T ER R tws U ARAR \
75 L tos g W
FHOR RH KR Pwv
KAES Pear
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x= -3 BEAE
2.5 Equipment # 4
2.5.1 Introduction fij />

Each piece of HVAC equipment helps contribute to sustaining the user requirements for room
environmental conditions. HVAC equipment serving GMP areas are intended to work in
conjunction with associated controls and sequences of operation systems to:

Maintain room temperature

Maintain room pressurization and differential pressure cascades

Provide make up air for ventilation and room pressurization

Condition the air stream to remove an/or add moisture content of the air

Minimize airborne contaminatin to the condition space

® Provide required air change rates to maintain room cleanliness classification when
required

The following major components of an HVAC system for GMP spaces are discussed in more
depth in Chapter 6.

5T HVAC FRGE T A2 o F ] 53 P R 43R TR 45 1 . GMP [ B 45 19 HVAC
B A1 5 H A B ) 5 4 R e B R I

o P

S5 A LR 2 T S
A AR %2 P TSR AR
BB S N A T Ik 4 fr it

5 2 ) s e B AL

O LOLIT A LR I R 5 A v 2
316 TR THE T GMP JIR45it1 HVAC RELH 1 2 M.

Ht

/ﬁ

2.5.2 Air Handing Unit (Ahu) 254 B 8¢

An equipment package that includes a fan or blower, heating and/or cooling coils, air filtration,
etc. for providing heating, ventilation, and air conditioning (HVAC) to a building.

AR R AR A . A i SR A, REN N R A JE
WA A o

2.5.3 Fan X#L

An electrically driven air moving device used to supply, return of exhaust/extract air to or from a room
through ductwork to generate air in sufficient amounts to provide ventilation, heating, cooling or to
overcome air pressure losses.

AT E AR R EHEH R RS e R e, eIl E RS
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2.5.4 Fume Exhaust/ Extraction System /2 540

A system made up of ductwork, fans and possibly filters that discharges unwanted air outside
into the atmosphere to a safe distance from buildings and people.

HETE RS KHLLL KT REMI DA 4Lk, FTHERR AT 20 2 B S A TAEA
S A 2 A IR

2.5.5 Heating Coil In#igss

W,

A heat transfer device consisting of a coil of piping which increases the sensible heat into an
air stream, using steam or hot water or glycol as the heating medium. And electric air-heating

element can also be called a “heating coil”.
—RYNNEE AL AT, 2R HOK . S BRI, 1) R
SNPGRS o AR A SO ARG A R R Ry I g 4

2.5.6 Cooling Coil ¥4 #1455

A heat transfer device consiting of a coil of piping, which reduces the sensible heat and
possibly latent heat (via condensation of water vapor) from the airstream using chilled liquid
or refrigeration as the cooling medium.

T RIVEE AR REEE, DI TR R A 5 0T, AR AU ) S FAR
FRERIIE A GRS K 28R HD .

2.5.7 Humidifier 3328

A device to increase the humidity within a controlled space by means of the discharge of
water vapor into the supply air stream or directly into the room.

M 1) B2 47 25 1) ARSI 7K 28 A E IR R R K 2800 R B o 5247 22 1) 1
ML E

2.5.8 Dehumidifier [R¥E 2%

A special device that removes water vapor from the air to reduce humidity.

AT R BR K2 T AR E U B

2.5.9 Air Filtration 253 JE 2%

Devices to remove particulate material from an airstream by means of various media types.
AT AN [R] PR BB o 2 AL RO o ) B

2.5.10 Ductwork 18 &4t

A network of air conduits distributed throughout a building, connected to a fan to supply,
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return or exnausuextract air 1o or rrom zones in a building.
TERESY) N BB oA B 22 UE TE R, BB XL AR IR I S = R 3
5 € M

2.5.11 Damper And Louver | 11K %

2.5.11.1 Found in ductwork, a damper consists of a movable plate (or numerous plates),
plunger, or bladder that opens and closes to regulate airflow. Dampers are used to regulate
airflow to certain rooms.

25111 fAAETEERSE, R INFR (A0 528 87418,
e L ST RO 5/7 I n R e A W N D B e Sl o [T R T
2.5.11.2 A louver is an assembly of sloping vanes intended to permit air to pass through and to

inhibit transfer of water droplets from outdoors into air systems. A louver may also be found
in return air ductwork at room interfaces.

2.5.11.2 REZ& RV RIS, ERESAE RVFAS R i[RI BH L EKR FEA
ARG Al B A 3 18] 22 ) B TE AR e B XL .

2.5.12 Diffuser and Register (a5 F1iH X\ 2%

Air distribution outlet or grille designed to introduce air to a space using direct airflow in
desired patterns. Air diffusers are usually located to distribute the air as uniformly as possible
through out a space.

FT Ty 23 1) o 5 NS 8 B 28 A B i) O ) 28 oA S VRS 7 28 A o o o )
R A A

2.5.13 Ultraviolet (UV) Light 54T

AUV light used precise ultraviolet light wavelength to destroy microorganisms.
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Air Handler X X X X X X
Fan X X
Fume Exhaust/Extract Systems
Heating Coil X
Cooling Coil X X
Air Filter X
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Humiairtier X

Dehumidifier X

Ductwork X X

Damper & Louver X X

Diffuser & Register X

UV Light X

Table 2-4 System components and their primary function relating to environmental parameters
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2.6 HVAC system configuration HVAC A& E

2.6.1 Introduction {4/

This section gives a brief overview of the key factors to consider, the options available to an
HVAC system designer, and the factors influencing the decision to choose a particular system

type.

This section should be read in conjunction with section 4 “HVAC APPLICATIONS BY
PROCESS AND CLASSIFICATION”.

AT AR T 755 R OCHE R, nT gt HVAV ik N BIE BRI M, ik $ R ek
RN PN L8

ARE AL 4 TEHVAC A HE T 25 S N HI IR R B 12
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Une question to answer 1s “how many Air Handling Units should be used’?

It is common practice to divide a manufacturing area into zone, and use a separate Air
Handling Unit per zone — a zone in general Building Services design would be an area with
similar heat gains and losses, a similar approach is used within the pharmaceutical industry —
and is usually considered as an area with one type of manufacturing process of area
classification, e.g. a tablet compression suite or all Grade 7 areas, as the area requirements
will be similar. Other factors that are considered when dividing a facility into zones include:

o Use of multiple units improves reliability of the area — it would be unusual for all of the
units to fail.

e The use of multiple smaller units might make air balancing easier

e The use of multiple smaller units means that the main distribution ducts are smaller,
making then easier to route in small ceiling voids.

o Itis easier to make modifications to parts of the facility in future an upgrade a small unit
than change a large single unit

e Use of multiple units allows for easier separation of areas within a multi-product
concurrent manufacturing plant.

The decisions regarding AHU system zoning are very important as a factor in subsequent
facility commissioning, qualification and related documentation.

AR R N H] 2 DA AR G

LI S BRABGR A G —AT3E H J5 20 AN FR) R DXk, AR A DA A ol A a3
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A A I —— AN X PN BRI SIS L2, W SR T 7 %,

AT 22 R ER AR AN o BL R AR 1) DXk 25 8 ) Ho At F 01

o A 2 TG AP R XA R T FE M —— i B SR G [ I SRS AN DL

o fUTHIZ HEE /N LG AT AT P N A Sy ik B

o U Z EE/NR R ICEMA TR IE N, AR S NIRRT
Al o

o ZHHIUHMAL A Z M B L 1 XA 5 o

2R ARG XA R 2, e R A D) AT ik AR AR O SO SR )
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2.6.2 Basic System Types JEA 54257

There are three basic categories of HVAC system;
HVAC REH R A,

2.6.2.1 Once through — uses treated outside air to provide the design internal conditions, this air
is then extracted from the space and discarded.

2.6.2.1 —IRF WM —FI IS BAL B 5 g 22 BRI P ol (1 N 22 A A, SRR R
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BEAHTZTAFERZE B TN

Outdoor———{ Air Handler Unit | SUPPly air
air (AHU)

Exhausi

m Infiltration

Roo
l Exfiltration

Figure 2-2 Once-through HVAC —R % # HVAC #

Advantages of this system:
. This system provides an abundance of 02 rich fresh air to dilute contaminants

. The system can handle hazardous material, though the extracted air may need treatment
before it is discarded.

«  Lower risk of cross contamination of products from another room via HVAC
. Exhaust fan may be located remote from the AHU making duct routing simpler

. As there are less concerns about the ductwork noise in the extract ductwork, it can
usually be sized for a high velocity, making it easier to route as high velocity = smaller
diameter.

Disadvantages of this system:

. More expensive to operate than an equivalent recirculating system, especially when
cooling and heating.

. Filter loading very high = frequent replacement
. Potential need for exhaust air treatment (scrubbers, dust collectors, filters)
. Room conditions more difficult to maintain

PER G A

o BERGEIRMER RN TEALN 02 w5 B S TORFRRETS e

o UERGREUGAL B FYT, HHERR 1T RE S EE AN ST AT AL B

.« I HVAC R GURAA R dh 8] I9AZ X5 G i RS A1 o
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BEAR GG R

o BIR ARG ERAE S B, JUI R AFAE BV BN AR I A

o REUESRI AR m= g B

o ONHFRITIAL . (PRERAS. RKAPIEESS . IUESS) AR K.
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2.6.2.2 Recirculation systems — This category is much more common — the room supply air is

made up of a percentage of treated outside air mixed with some of the air extracted from the
space. A percentage of the air is either discarded of lost through leakage to adjacent areas, due

to local area pressurization. [F]3i &4t B A LR 2R —— = S iR AN AL B S 1)
TG N TRFERR B TR S AL BEA B G e 5, 50 BT AR AR DX s ) 1
He itk g 2] 7203 X 45

Makeup——— ajr Handler Unit | Supply air

{FI‘ESh} (AHU)
air Possible extract

Return-air Room h

Exfiltration
Infiltration

Figure 2-3 Recirculated HVAC

Advantages of this system:

« Usually less air filter loading = lower filter maintenance and lower cost opportunity for
higher grade air filtration

. Lower energy cost than once through

« Less challenge to HVAC means that it is simpler to obtain better control of parameters (T,
RH, etc)

HEAR G 5

o BRI DE A = BRI L DE AR LS AR I DR AT, R R il g e r U A
o HE PR S BE R A

o X HVAC 2GRN, Bl ERSGERIHCSH GREE. AR ).
Disadvantages of this system

« Return air ductwork routing to air handler may complicate above ceiling

« Chance of cross contamination via HVAC = Requires adequate supply air filtration (and
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SOmeumes return air Titrauon to prevent contamination of the air handler)
. Chance of recirculation of odors and vapors and of inadequate fresh air supply

IR G Rk i

o RAEM BRI ) 2R R Y AR RS U T R G T BEAR k.
. I HVAC RGERAEA X5 RN =23 7070 i ug < CA e g lelim =S
DABH b5 2 S 15 2 5 44D

o RAEAR, TRZEA BN LA R AN g8 R S RN

2.6.2.3 Exhaust (Extract) system — sometimes a stand-alone system that remove airborne
contaminants, either solid particles or gasses/vapors. It may be interlinked to a once-through

or recirculated air supply system. Used alone, the extract/exhaust system will create a
negative differential pressure in the room or enclosure it serves

HFR ARG —AT NN SLAFAE IR BRSSP sl ] A RURE BOKZ8 S R ST AT 0]
BES — X FRA GRS RGN R . SR RGNS, W] R R N R S
Hi 55 1) 3 AT 22 TR o s 2

i)

Alr cleaner SR
Fan (follow1.3x
rule of thumb
Infiltration 4 \  IigMar...
duct leakage 5, see ASHRAE)
- Exfiltration
duct leakage
Ductwork
. _I'Space” with airborne contaminanty

Space may be a room, a glovebox or an exhaust hood

Figure 2-4 Exhaust System
Advantages of this system:

. Simple to operate. Makeup air is pulled from surrounding spaces.
Disadvantages of this system:

. If used to capture large quantities of contaminants, such as from open processes, a large
energy cost will be associated with conditioned air being thrown away (see once-through
system above)

LRGN A
o BRAETIH A PVROR A EI AR 1 2
IE AR GE A A
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o WERATHHROCERYTAY), W AT L2 i, m TR
KA R B FE, Prila BB RKRERRA (WK R 50,
2.6.2.1 Use of Air Handling Units in parallel of series

It is possible to put units in series, for example if a higher air pressure is required to offset the
pressure drop through HEPA filters in one area served by an HVAC system.

The use of parallel units is common practice where large areas are being conditioned, for
example warehouses and large research laboratories, where this approach may make it
possible to maintain acceptable conditions in the area should one unit fail. When configuring
units in parallel, care must be taken to assure that the fans can be isolated and started
independently. Automatic isolation dampers and variable fan drives assist in managing these
factors.

2.6.2.1 IMTREFTHZ AT HEITHMER

B2 AT SSRGS T RERT, Blhn. AR AR MR U R 4
HVAC R 4t IFHEPAL JE 48 1K1 & 145 2k o

FEAR IR TR ) DAL T AT B TCAR W e AR FEFIR ORI ST SR 3, JFAT#IG
T LAYES R 4552 ()3 AT, RSB FRCAIANGE . ML E AT SOC, AN R R
UEXHLRES SN IS AT AT PS5l o E SR8 2 XU TAIAN [ R K LIRS s 2 35 B B DL B 22
EI

2.6.2.2 Configurations and combinations

The basic components and concepts outlined above can be assembled in an infinite variety of
ways. Shown below are a few examples of design concepts commonly used.

(Note: Add some basic block diagram schematics to illustrate these combinations.)

26.22 WESHES

DAL 5 S A B A R AL S IR BE AN R 7 ARG 7E— 2 . LUR e — 482 s Al T i et
M. G IS0 SEREACHE [ R ) IR TX e A 5D

2.6.3 Air Handling Unit Configurations %/ Ab 3 85 [ k) it

There are two basic types of AHU configuration — blow through or draw through. The term

describes the relationship of the fan to the coils in the air handling unit. The two approaches
have distinctive characteristics;

AFAE AN SEA ) 22 AR B O R —— g A\ st o ERTE A T 2 AL P
JEH MBS IS Z IO R . XA B HAT AR 47

2.6.3.1 Blow through units A FRAETT

Air is drawn into the unit, typically through a set of pre-filters used to reduce the dirt load on
the (usually more expensive) final filters, and to prevent build up of dirt onto the heating and
cooling coils, which would quickly reduce their efficiency. One advantage of this type of unit
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IS That It allows the AHU aiscnarge temperature to be at the cooling coil discharge air
temperature, because the fan heat is removed in the cooling coil. This is particularly useful
when heat loads are particularly high and supply air temperature must be as cold as possible.
It is not advisable to follow a blow through unit immediately with a set of HEPA filters unless
special precautions are included to prevent moisture carryover from the cooling coil. Another
advantage is that if the drain trap on the cooling coil runs dry, then air will blow out through
the trap —wasting a small amount of treated air. The disadvantage - the unit typically needs to
be longer to allow a diffuser to be installed after the fan to ensure that the airflow is spread
over the entire coil area, and not concentrated on the middle, which would cause a drop in
system performance.

A AT, JCH R FR G T D8 A8 R AR 2 i 1o i 2% CRCTIOL Dk 4 B 5t
HIZe) R, XIS IR M AR 2 i o g 25 R o SR — ML i 22 Ak
BA T H 3 R A T v B R S R, IR R LR R R v BB RE BRI
AN R E TR e i ey, ARG o IS AR RIS D o A AR5 ) ) 37 e
TS5 1k A TR IR K o ey, AN AR AN S AR B R TS T Y R E R
IR I IE A o MR WA R I HEK AT T, B S WHEK AL
HHE R 2 T DRI BR S 175 o IS Rl 5 2 AT 2 T B 2R B 25 AL
B iy LU O/ URAE BEA e rh AR e, AN DR R A g i Iw) o AEREE v W) A%
s FBUKRG )7 A

2.6.3.2 Draw through units AR HETT

These units are typically arranged with the pre-filters and coils before the fan. The advantage
of this is that the unit is often smaller, and the motor and fan provide a small amount of reheat
(usually 1-2 degrees F) to the air coming off the cooling coil. This lowers the RH of the air
and prevents the problems with wetting final AHU HEPA filter banks. One precaution with
draw through units is that if the drain trap is dry, then untreated air can be drawn into the unit
through the trap, with only the final filter to protect the conditioned environment. The design
must include provisions for maintaining a wetted drain trap, which can be several inches in
height.

KRR — e G PRI as e — i A XHLAT . A0 AR IR T, H AR AL
25 WA BEE HE NI A SR R PRI C—RROINFAA~218) o TR PRI AR R
JSERHATBH 1E A ] 1 25 AR B EA G ) 2 g 1 DB s 7 AR ) e SR KA A2 1, R &
AP A o HE KA RE N AR BTG, AT A JE A IR P 2 A I3RS . I DA
IR ICPR B it AR HE A (AT g Lo R iR o

2.6.3.3 Air Handling Unit Design variations 4%/ Ab ¥ #0148 5

A design variation worth considering is the use of a face and bypass damper — the concept is
shown below — a portion of the air passing through the AHU is redirected through a treatment
stage, with the volume altered to vary the condition of the resulting output air. This is a useful
concept to use to gain improved accuracy, particularly if the treatment process is not easily
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controtianie — e.g. cnemicai aesiccant aenumidification.

A similar concept is often employed in the first mixing box of the AHU when enthalpy
control is used — in all cases careful sizing of the dampers, to ensure adequate velocity for
control, is necessary to obtain proper operation of these systems, maintaining constant system
volume as the proportions of the air streams are varied.

St T3 T R 55 6 JEE LD R A P IMEARRE B B A s —— s~ s ——
S PR TT 0 B S A A B Ba e i 1), WA, s R
)25 SRR o X BHBTHBE XTI R AR H A T, T 2 A B R AN P I
In: A BRI BRI 25 o

AR, AR PR TSR MR = W H A AU B S ——AE P A T
DU, O T RGUIAE R A, AR BN GG, DU DR A% ) REIE 2 AL 08 1) AR
o TR B AR, Prel e T RGO M I ERAE, dedr s Ade
AL T 20 o

Dehumidifier

2.6.3.4 Air Handling Unit Components%< 43 BT/

Numerous design options are possible within the 2 basic types. Here will establish a lexicon
of design components, or modules, that can be assembled into an AHU design and discuss the
motivations that drive the selection of each. To illustrate the possible options, the following
demonstration uses a draw-through, Recirculating AHU:

TEPEEAAS SALH e, fAEEIRZ IR ESe. X, TATHS LB fE (B
B KRR, XM R g A & B AR P T, RN RATIE R e
XUk B 7 T R AT RER) BV, T A RN 2 A S AL R
TC A B -
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HEATING Cili

AA&.

Figure 2-6 Air Handler Unit Components

Return Fan[a] XX

Most recirculating air systems will utilize a return fan. This fan allows return pressure and
flow to be managed independently from the supply. This is particularly important if the
downstream system has volume control boxes on both the supply and return. It also allows the
return air to be diverted to exhaust when outside air conditions are closer to desired discharge
conditions than return air. This function is referred to as an “economizer” and is generally
employed in offices or other spaces that are not pressure controlled.

7 K2 B PR R el A P XL B RHLBE S A - R R G, A5 BRA] XU )
Eal XA o G SR 2R G BN A [a] X AR AT R D] XA A
B WURE AN ORI X3S SR B T RIE 372 OIS, IR A IR XUXLRE
i [ X 1) = AR Y o IX IS BER AL — B B 40, Al 2 T 50 s 0 e ol
HOPA /NI B 1Ry

Mixing Box iR &%

This pieced of equipment is also common in recirculating air systems. The return air can be
directed to exhaust or to recirculate, it is then mixed with outside air for pressurization and/or
ventilation. The resulting air stream is referred to as “mixed air”. In very cold environments

the mixed air may be subjected to a turbulence inducing device to assure thorough mixing and
avoid stratification.

W AAE AR RGP AR W [l KURE e e g [nlim, e b A R &
SR ptHS H A Ko A S SN RS2 o fENm R MBS T, WS
2] BE SRR U5 3 ke B A A IR, B R

Prefilter or Prefilter and Intermediate Filter i) 31 % ol ik 31 2% 15 o () il 1€ 2%

Filters are typically provided upstream of coils in an air handler to protect the coils from

fouling with dirt or debris. The system typically employs a low efficiency “dust stop” (MERV
7) filter followed by a medium or high efficiency intermediate filter (MERV 7-14).

RS — AL TR A B e R B B, DURI RS A B s . — et
Pt AEARACR AR (MERV 7)) Tl i a8 o i 4742 h A5 3003 i s 2810 v ) ik
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JEZ$(MERV 7-14).
Energy Recovery Coil i & [FI i 4 &

Once through air systems, or other systems with high amounts of exhaust may employ an
energy recovery coil to return a portion of the energy employed in conditioning the exhausted
air to the incoming air. These coils are typically upstream of all other coils and may be placed
upstream of the filters if used to melt snow in cold climates. These systems may also employ

a bypass damper to decrease pressure drop across the coil when energy recovery is not
advantageous.

—UMEFR AR EAG KERSH RS BRI, A S R
AE AR IE B . Bem IR AL T AR 1 B, B R &
73 07 R = 5 T o VA e 39 P s s (R NG 7 S S I V& N R '3
B SF AT AR A U5 A [ SO A 11 s B 2k

Preheat Coil il #u4 &

Once through air systems, or other systems with high amounts of outside air in cold climates
may employ a preheat coil to condition the incoming or mixed air. These coils are always
upstream of cooling coils, to protect them from freezing and may be placed upstream of the

filters if used to melt snow in cold climates. These coils do not typically impose a large
pressure drop, So a bypass damper is not common.

FETEVS SR T IS AT W — UM 57 UL A Gt At 7 2 KR A0 2 AR 2R e ] e i 224 ] T
P, DA 2R A 2o IR LR T o, T HI S 1) B, DUORY %
HERE AN UKIR o« 27 2 Rl A B S S v UM B ORI, FRRAE 7 ] BB T 0 g A )
e PR I AN KR IS %, T DA O AT b SRR S A
Humidifier 347 4%

Once through air systems, or other systems with high amounts of outside air in cold climates
may employ a humidifier to inject water vapor to condition the incoming or mixed air. These
devices are typically downstream of the heating coil and may even be mounted in ductwork
where turbulence and high velocity promote absorption of water vapor. When employed in an

AHU, mounting upstream of cooling coils provides a natural baffle to prevent carryover of
liquid water droplets.

FEFEV R T IBAT I — U 2 U A G s A 75 2 K A 2 UK 2R 4 vl B o 224 T 4
T, TN ) B R 28 R & 2 S K 28 T AT HE RS . I Rg 28— AT
TIPS LU, A7 I R e A i mnd e B R UK 28 U B RS . U
AR T e SR AR T, IRV B A R FELL 5 A S /KR 1) AR BELAS
Cooling Coil?4 #1454

Cooling to maintain environmental conditions is common, if not always required in

Pharmaceutical applications. These coils can eliminate both sensible and latent heat and can
be upstream or downstream of the fan. If latent cooling is expected drainage of these coils is a
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Key aesign Issue ana mist eliminators may ne employed to eliminate carryover of liquid water
droplets that condense on the coil. These coils do impose a large pressure drop so a bypass
damper can be employed, but can pose a risk of unconditioned air leakage and non-attainment
of humidity goals.

IV AN 25 A2 7 e 045 125, EAEPA I i 447 b 2 AR ILIR . 2 JNAE A mT LA
TR AR, WAL T XL L sl N AR o R AR vkt R TS K2
FUE VO E SR . R S5 A8 RENE T ORER 25t T N s Al A VRS KT o V2 2]
R S ER B 4, B DL SR A 55 0T ) o (H R a2 H2 I 1) 22 X
Tt e AN 5 4 3 B2 () J

Dehumidifier&¥E %5

Dehumidifiers employ a chemical desiccant to remove moisture from the supply air stream
when humidity below 30-40% is required. The dehumidifier is often located downstream of
the cooling coil as they work most efficiently when airstream relative humidity is high (but
within desired limits). However care must be taken to assure that excessive relative humidity
or liquid water droplets do not damage the dehumidifier. The choice of desiccant may vary,
depending on the application but all desiccants are regenerated using heat; therefore, air
leaving the dehumidifier is both dryer and hotter than upon entering.

HEORITSE /N T-30~40%I}, BRI a5 A AL 27 TR AR BR L A K 70 o BRI o 1
PEFV AR B N, BRDA BRI S AE AN BE iy B A (HARERERL BRG]~ TAE
SRR TR BRI AN R BRI o AR AN ] B g ) vy
MR IR, (B BT A i T m s ae Iy 20 A BRI, B TR a5 0 <
EREPN RIS el I B C N2 S

Recool Coil Fi-¥4 4% 5

These coils are only commonly installed downstream of dehumidifiers to eliminate sensible
heat from the supply air. They are also employed downstream of cooling coils to provide
additional latent heat removal. In this second application they operate below chilled water
temperature and are typically filled with refrigerant or a low temperature brine of water and
glycol (ethylene or propylene). If latent cooling is expected drainage of these coils is a key
design issue and mist eliminators may be employed to eliminate carryover of liquid water

droplets that condense on the coil. These coils do not typically impose a large pressure drop
so a bypass damper would be unusual.

A B 23 TRRIB AR 0 F,  FH R D it Bk e P4 B R T Ui 108 0 4
KA BRI BB AEPATEE T DRI, PR R AR T UKOKIR S R isqT, A%
W VR ) BRAGHR ) #5 /KM & B CRmEAMG ) 7800 TR IR 25 A ARV i, VA8 1)
AR B WO I E . RS A% RE A IR BR 25 th T B N A A B AR IS K
o FAME BT A SR R JBR, Prh— A RE S ERT,

Reheat Coil i #u5L4

F mf
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Systems tnat require over-cooling to acnieve humidity control (in lieu of dehumidification)
may also employ a preheat coil to condition the air leaving the cooling coil. These coils are
always downstream of cooling coils, to increase the discharge temperature of the air handler
and avoid condensation in the ductwork or overcooling of the space.

T B FE A HIRIE BINE B ] (AU BRIERS) B R SE nT e 75 1 FH FF A R R A J1 it
B RS BB A TSI R, ARSI A BRARHE B 1) 2 R,
TE T8 R G R AV a2 (B IR Ik v 0

Supply Fanfit XX

All air systems will utilize a supply fan. This fan provides the motive force for distribution of
air throughout the air handling system.

FITA IR Ge R s AL XA B PR A S R AL P R G
Final FilterZ &%

Filters may be provided as the last treatment step in an air handler. These filters provide
assurance of air quality (with reference to particulate) downstream of all air handling
operations and are particularly valuable in protecting terminal filters from fouling with dirt or
debris and in providing filtration for classified spaces. This is of particular interest in systems
that employ fan drive belts which shed particulate into the airstream. Systems typically
employs a high efficiency filter in this location (MER V 14+).

PSR AE S B R G P 2t — 0 TR o AT MU T s AR B R AR AL T 28R
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2.6.4 AIRLOCK STRATEGIES A |7l /5 &

MBI o

i
A

2.6.4.1 PRESSURIZATION &

Airlocks are usually interposed between areas if airflow between the spaces needs to be
controlled when they are entered or exited. Airlocks may also serve as material transfer /
decontamination rooms, and gown or degown rooms. Three types of airlock pressure
arrangements are indicated below:

DX N BT H R A AR I, R 2 AR DX R R T4 P e RS
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I TUT U

Airlock Airock Airlock

. IIII: - II: — = IIII_—_
— % 4
"Cascade" "Bubble" "Sink"

Figure 2-7 Airlock configurations

The “cascade” pressurization scheme should be used when there are area cleanliness
classification requirements but no containment issues, or where there are containment issues
but no cleanliness classification requirements. (i.e., cascade outward from the room for
aseptic operations, but cascade into the room for hazardous compounds.) Doors are usually
interlocked to allow only one to be open at a time. The normal differential from one air class
to the next (ACROSS the airlock) is 10-15 Pa(0.04 to 0.06” w.g.). The pressure INSIDE the
airlock is somewhere between the two classes, depending on which door is open. It is not
necessary to have 10-15 Pa between a room and its airlock (see “Not required” in the drawing
below).

G FEIG 7 S IE TG B A7 A DX 1 P 7 SR o G o) IS, A7 AE TS e i)
B ATV 1 BE O R EER (Ane RZET7 1) N RHRAE IR AAT F RS o A TAE
TR =W 2 R — 14T IF, TTEE R . N—A ORI 5 — 2380 (AP
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FAEER AR, BAREHTFI T o« A5 57 18] 5 ) F] R4 10~15Pafk) Hs 22 2 AN b
B UL B AR 25D

If there are requirements for both area cleanliness classification and product containment, then
the use of pressure sinks and bubbles may be necessary. Pressure bubbles are usually used for
‘clean’ operations (i.e., such as gowning or material entry airlock) and pressure sinks are
usually used for ‘dirty’ operations (i.e., de-gowning material decontamination/exit airlock).
Normal design pressure differential between classifications should be 0.06” w.g. (15 Pa) with
the doors closed. Pressure differential will drop momentarily while one door is opened, but

will not drop to zero (as it would with no airlock or if all airlock doors were opened). In no
case should pressure differential reverse.

T RGE DRI P 355 5 R i e A P TSR, DU <00 1 Hs T S RN <R 1 s
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[ 1OC MDD — it 40.06” (15Pa) o kT 4T E, RZKSRIZIT %, HASRK

http://bbs.yaozh.com



YaezH EXRiLHT

PEF CEAUNBCURT 2T R ERTEID o AR AR,

For unclassified areas the minimum suggested pressure differential is 0.02” w.qg. (5 Pa), being
the minimum reliably detectable by current pressure sensor technologies.

The pressure differential is measured across the airlock, not across each door.

1 AGE I B A e A0 1) m] S s () die /) [ 72 410,027 w.g.(5Pa), BT LUK 12K LT
X, Hodp /R ZEHNCA0.02” w.g. (5 Pa).

Hs e AR AW s J) 2 78, AR ZE =R

— — L
\\.ﬁlﬁ.inﬂck \\.IIIAirIDI:k \

|

— &0 D) ——1

e e . | — %, -
0.06"w.q. 0.06" w.g. 0.06" w.g.
Acceptable Mot Required

"Cascade"” Pressure Relationships

Figure 2-8 Example of Cascade Pressure Belationships

When using the —”bubble” pressurization scheme, the normal design pressure target, with
doors closed, between classifications should be 0.06” w.g. (15 Pa). There may be different
pressure drops across each door due to building tolerances, or adjacent room conditions, this
is not considered a problem. If protecting non-sterile processing (areas not classified) a lower
pressure is acceptable, but should be measurable. The pressure of the very clean airlock
‘bubble’ is usually designed to be about 0.02 to 0.03 in. w.g (about 5-8 Pa) above the higher
of the two room pressures.

The positive pressure airlock provides a robust means of segregating areas using positive
airflow.

ARG T S BN R SRR SR H AR e vt I U TTSCHII D) 20.067w.g.
(15Pa) o HI TSR A A AN R AT R0 By 0] 23 ORGSO 22 5%, il B T T s 7

FARAN o X FFEA L A AN 1) 25 PRI GO AR eI L2 CRE XU 2R M X0

2 BARER B T B2 RR IR, (R AR ) A2 mTeder A ) o Al 8 3t 44 £ = =
R Hs 73— FCACAR & R I A 5 18] £ s ) 750.02~0.03 7w g (K M 5~8Pa) .

TSRS A1 1E 08 A AN R PR X B B St 77— Ay 1 i T BLe
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0.06" w.g. across GMP boundary

"Bubble" Pressure Relationships

Figure 2-9% Example of “"Bubble” pressure relationships

Similarly, with the —”sink” pressurization scheme, the normal design pressure between
classifications should be 0.04 to 0.06” w.g. (10-15 Pa) with doors closed. As with
the —”bubble” there may be different pressure drops across each door. The pressure of the
contaminated airlock ‘sink’ is usually designed to be about 0.02 to 0.03 in. w.g (5-8 Pa) below
the lesser of the two room pressures.

[FIRY:, BN s 7 S0 AN RIS A <RI I H bR et s 0 OO 96 B IRED 240.04~0.067w..g.
(10-15Pa). A1 4n L3 i XU —HF, R I X T o e Bl 1) ) Rk A
) o 75 PR MR ] Hs ) 86 AE B o EEAR AR 8 b3 1) [ ) 4%0.02~0.03 w.g (5-8 Pa).
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"Sink" Pressure Relationships

Figure 2-10 Pressure “=ink” relationships

It is often necessary to have pressure differentials at boundaries within the same air class area
for operational reasons. The minimum operational differential between areas of the same
classification (where required) is suggested to be 0.02”w.g. (5 Pa), with a design target of
0.04” (10Pa) suggested. It is also sometimes necessary to have directional air flows for
operational reasons without a measurable pressure differential, such as may be found in
non-classified areas, such as oral dosage manufacture.

HH T IR SEERAE R SR AL, AR TR 2 A8 R AN ] DX Bl PR A ARt W i H & s ) 22 o AR IA) S
SR N [R) X 2 1A) ) H AR B 1 25 240,047 w.g. (10Pa), fix /Mt 2V 40.02”w.g. (5 Pa)s.
AN, TSR AR, A KR R, LS ZEANBERI &, R 2 SR Xk
I ] A 3 X

Pressure may be maintained across doors between air classes when no airlocks are present.
However, without the added protection provided by the airlock, significant airflow volumes
and pressure actuated dampers are required. (See the Appendix) This scheme should be
adopted only when airlocks are not possible.

BA AR iR AN R S R Z M 2 . B2, BRI R, F %
KER R EM PRI (IS R 5 B8 T A REAL ] U (I A%
The airflow leakage rate should be calculated for each room. This calculation must be based
on the design pressure differential established in the project documents and not on some rule
of thumb method, e.g., percentage of supply air. Door seals are the primary path of room air
leakage. Therefore, doors and doorframes are crucial components of the facility construction,
as more leakage air must be designed into the system for doors with poor seals. The HVAC

design engineer should consult with the facility architect to assure specifications are adequate
for pressurization requirements. Door frames may include continuous seals which would
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reauce leakage requirea to maintain tne aesired pressure, as well as provide isolation in case
of airflow failure. Doors may be provided with a provision for operable floor sweeps which
drop down as the door closes, but these may present cleaning problems. Where double doors
are used in the facility, gasketed astragals are required. Door grilles should be avoided unless
part of a pressure scheme without airlocks (as discussed in the Appendix). Figure 14, Chapter
27 of the 2005 ASHRAE Handbook-Fundamentals should be used in calculating the air
leakage rate of doors. Common practice is to design for a 0.10” average crack between the
door and frame on sides, top, and bottom. Note that corrections are to be applied for design
pressure differentials using the formula contained in Figure 14. A similar leakage calculation
is discussed in the article, Airlocks for Biopharmaceutical Plants, del Valle, Pharmaceutical
Engineering, Volume 21, Number 2, March/April 2001.

J 1) )0 M e I 12 AT oE SRR o Mot SR N A I H SO WY BT s 2 ) LAl
by ARSI (T . BRI, TR THE S R A R R O RA, DR A
B ZE T ) ZEAE BT Ik SRRt R . HVACTvE LRI N ¥ ) e a5 B v H I B
B DR B VT YOG AL 1 i 25K o T IHE T A0, 35 T P A ] ol b A o A 25K
JE77, (R S AL R B P05 DUk S S AN AE R PR IE . 115 L #operable floor sweep (il
A, AT 10CHIN, operable floor sweepsxAadt, (HZIX 45 EEE . 45X T3
T, WA R R BR TR B DL, TS ESAN N AT (R P ) .
Figure 14, Chapter 27 of the 2005 ASHRAE - fift—JE A Js U 3 4 FH -0 F 501 1 i 2 A=tk
. — MBI R T ST IHEZ A s B (I B3, D P38t 240.107, v
B NIk FNVE ), WA Figure 14, Chapter 27 of the 2005 ASHRAE T/ k14 IF %%
BRfE. DUR & — A2l <iltER vH55 (Airlocks for Biopharmaceutical Plants, del Valle,
Pharmaceutical Engineering, Volume 21, Number 2, March/April 2001.)

YR TT L o — AN S Nl B 1) 8R40 O TS, AR E T — T A
o

Material transfer openings are another key room air leakage path. To calculate leakage
through these and other fixed openings use the formula,

Q = A x 4005sqrt (VP) (“Sqrt”= square root)

Q =airflow (CFM)

A = area of opening (sg. ft.)

VP = velocity pressure - the velocity pressure at the opening (in. w.g.) is roughly the same as
the differential pressure across the opening, (or the, room differential pressure),

This method provides a conservative leakage number. In most cases, a slightly smaller
leakage airflow will produce the desired pressure differential for a given leakage path.
Because of this, during commissioning there may be more return air leaving the room than
designed, so return air dampers should have some extra capacity.

PEVRSR AL T A H e s . AERZHAG O N, X Ttoe i g i iE, F /i

http://bbs.yaozh.com



anZH""ﬁgiEIE .

R LN Y ala = N £(1) 2 b7 = P P S 7. I NI s 3 oy g Sl A 1 O e R S S KT D
PN 1% B A ) A PR e

In some cases the calculated room leakage may exceed the minimum air change rate for small
rooms such as airlocks. In these instances the total supply air to the space must match the
calculated leakage. However, provisions should be made in the design for some return air
from the space in case the actual leakage is less than calculated. A good rule-of-thumb is to
size the return for half the supply air flow into the room. In applying this approach, care
should be taken in sizing any volume control (damper or CV box) on the return air side to
ensure that the actual flow rate is with the operable range of the control device.

A, AN R TS e RV S e MR R, A AEIXME LR, Bt
PR TSR Mt R R AR VLG o BT I N iZ00] [ JRGEE AT 4, DL O tH IS B it 5 232/
TS R RS O . B I 2R AR AL [ KU S BE N Dy TR) B R ) — 2 o AT I AR 7
VAN, EAE R XU AR OXUTERCV &) DA DR SE Bm U 8 7 448 1 150 6 1) ) 45
VEVETH P o

For this reason it is a good engineering practice to put a tighter specification on the supply air
volume, being more critical to maintain the room conditions, and a larger design range on the
return, which will be whatever value is needed to maintain desired differential pressures.

11 PR S B, R A XU 3 P 22 OIS EAT A% RIS, A m XX B v K
AT TR SE e o [m] XX B vt RO A4 225K s 24T A

Two methods of measurement are commonly applied to monitor room pressure relationships;
room-to-room and common reference point. While both have been used successfully, the
preferred is the common reference point method in order to minimize compounded error.
Here, one port of the differential pressure transmitter (usually, but not always, the ‘High’ side)
is piped to the room being monitored and the other side (usually, but not always, the ‘Low’
side) is piped to a common reference in the interstitial space.

AW E HOTERIE A )G R B ik, ALSHk. M s # Rt i,
fii ol TAEFH A S0, v DA SRR R B B f b o TR ZEARIEDR I — i (— A =
Hediig, AHIEANLEXS) BTG R, o5 RO RS, HIFALRD B T%
B I ) A LS R
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Interstitial Space- common reference
AT - . .
H PDT™, L H ,/'EET\\I y H .""'.F'HET\"-I L H KIFH'ET\-: L
i—\ . ‘ ‘ /’—i i_‘\_f R
Space A Space B Space C Space A Space B
Room-to-Room Monitoring Common Reference Monitoring

Figure 2-11 Differential Pressure Sensor Locations
Bl 2-11 EEARBALE
The common reference point should not be outdoors, as the effect of wind direction may give
unstable readings. Where room to room monitoring is used it is a good practice to confirm
through the system balancing that net airflow into the facility is greater than the
extract/exhaust.

NI IANAE RS, PR XU 25 52 i S AR ARG o Al 2 Sk, RAFIAEE
SR RGP, SN T g m s K T =

All signals are sent to the control system where differentials are calculated by means of an
algorithm. In the event that the reference (interstitial) space is partitioned by fire walls or
other means, it may be necessary to provide multiple common reference points by building
‘zone’. In this case the pressure relationship across a ‘zone’ will need to be room-to-room or

the use of two differential pressure transmitters, one to each reference point, will be required.
For information on monitoring system see section 2.7 Control and monitoring.

HoPOREEHIRS, ARG NEL RS K. IR T, RS
) PRt al) s K o B AR B T, A s 2 @ X S R BRIt 2 L A 3K 2
G R JRRE, R DR s g G AR R I R AN VA I Bl s ZE AR IR A A,
H— N2 2% 5. M RGN S SR 2. 75 i 5 .

\)
.

O

2.6.5 Ventilation/supply strategies & XU/t X7 &

2.6.5.1 Room Air Distribution: =554 45

There are two basic types of room air distribution: dilution and displacement air distribution.
In a dilution design, room air is mixed continuously with supply air to help achieve uniform
air temperatures within the space. In areas where temperature uniformity is the only factor,
aspirating-type diffusers are used to allow turbulent mixing of room air with supply air. From
a particulates perspective, dilution also mixes ‘less clean’ room air with the clean supply air.
Aspirating-type diffusers are not acceptable in any of the clean classified rooms. Even though
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non-aspirating aITTuUsers ao not enminate turbulent air patterns in the room, using
non-aspirating diffusers in clean rooms reduces the mixing effect. The particulate level in the
room can be reduced with dilution by increasing the air-change rate of clean air supply.
Dilution distribution with non-aspirating diffusers (typically perforated face plate over the
terminal HEPA media) is acceptable to clean classified areas up to ISPE-7. In a displacement
design, room particulates are displaced by clean terminal HEPA filtered unidirectional air.
This design requires continuous HEPA coverage at the ceiling and properly sized and located
low level return or exhaust grills. ISPE-Grade 5 should use displacement air distribution
(typically a unidirectional flow hood — UFH).

FAAEPARIAT AT 28 Bk A ORI B A W AERRREAT KR B, N U A eA
Wi & DAL BI85 A R R o Al ) — 2 s IR S AR g i — PR R I, A8 R AR A9 A%
ar LU AR S A YU iR B WBTRL S S I AR BER UL, BB AT ULE AR AN 15
H= AT AR &, BRA R Bs ANBEE A R LS R = A TP AT . R
SRAERR AR A B A W BR = N S S R, AR TSR o G I A XU
B, Mk N AUE, DA AR S 5. AT ARRR AR s OO 8 0m mr 30d
JELS I T FLAD  HIFRREAT KRERE RV 1 ISPETR I S (M) A » FEE WA BeihHh, =
PN RIURSE AR HH BT e RO D ) B DX ) S R R o T i B S AN T )RR e Ak i
A, SE I BRI, AP A [ X HE A o« ISPE SR B2 3 1 %8 45 2
VAZAE B s A K7 20 O B ) SO B -UFHD

2.6.5.2 Room Air Distribution optionsZs § 235405 5 Tk £

Conventional air distribution techniques are generally acceptable for administrative,
warehouse, and unclassified spaces. Large warehouse spaces, however, may see hot and cold
spots with poor air distribution. GMP spaces and cleanrooms require more stringent methods.
Supply air should be introduced at the ceiling level and return/exhaust air should be extracted
near the floor. The use of non-aspirating diffusers on the face on terminal HEPA filters may
improve airflow patterns. Within mixed airflow rooms, airflow patterns should be from clean
side of the space to the less clean. For example, within a space that contains an ISO 5
micro-environment/zone with an ISO 7 background, airflow should always be from the
cleaner zone into the less clean background area.

HORLRAT KRB I TATEG . Rp2Ratial. BRI AR i AEss i AN S % 1
At T 77 A R B e GMP 23 TR 15 o 6 AT KT R BESREE D A o DR AE A
WG DI T AR HE X o 22 2B AE 2 e AL IR A R Bk A2 7 St 1) A E S St
FIBAS. RGNS, RN AZ M RS 31— AU B BAN 13 K1
W—A~ 180 25 7 yAsial s A2 5 IR, AR E B X
LTV BEANT 13 1) DX
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Mixed Airflow GMP Space

Figure 2-12 Mixed Airflow Space
& 2-12 BESWEH
Some process operations, i.e., centrifugation, are inherently particle generating. Airflow
patterns within the spaces that contain these processes should take this into account by
locating returns/exhausts at floor level near the particle generating operation.

Airlocks and gown rooms are usually divided, often by a physical line on the floor, into clean
and ‘dirty’ zones in accordance with the flow of personnel, material, and equipment. Within
such spaces, the air pattern should from the clean to the “dirty’ side of the airlock. Therefore,
HEPA supplies should be located on the clean side and low wall returns should be located on
the opposite side of the room.

Low wall returns should be located no more than 12” above the floor. Returns should be
generously sized with a maximum grille face velocity of no more that 400 FPM. Ductwork
should be sized for a maximum pressure drop or 0.1” per 100° or a maximum velocity of 850
FPM, whichever is more restrictive. The heel of the connecting elbow should have a
minimum 6” radius to facilitate cleaning. The elbow and connecting ductwork, up to an
elevation of 5 feet above the floor, should be Type 304 or stainless steel.

P B O A 2 I T 2R F AR S AR RORE o 1A B 3K 8 T AR 1 2 [ AR ) e T
VPR IGURL, A FENT U A= 45 AR R A i T Ak R ST AHE R

RS AR E TN YR B BTSN 73 bt 1 DR G e sk, 3 S T
(R —4c2k. DRlth, Rl DR 2 e B NI E T3 1 D BT I (= XU i 40 B T A
(55— X 3

ICEE [RN % B T S 1272 WAL E o[BI %45 78 S KM i i3 A K T-400FPM
Coe U380 o T8 R GENAZ LU K IR Hs 40 < B50.17/100” B3 K i3 4 850FPM A ik
KBEVHETE RN T IR A K T67 LUAE IS v 5N A] o 25 JL I 59 R i 125
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Typical Low Wall Return

Figure 2-13 Typical Low Wall Return
Kl2-13 JLAYRBEIEI X,
Return air ducts located in stud wall spaces need not be insulated within the walls. Insulation
shall terminate at the top of the wall. The mechanical engineer should consult with the facility
Architect to assure that, where needed, [NElIlGaVitIes are adequate to contain low wall returns.

CREAENIAT RGBS RN 1R[] RS AN T 2440 o B TR N AN i o AU AR N ¥ ) T
J A e v T DA CRAE I3 22 R0 555 s A2 88 DAFE AR [ XL

2.6.6 EXTRACT (EXHAUST AND / OR RETURN) STRATEGIES  #ili’<. (HEAIE] X))
Ji %

Why we use low level or high level extract, the area affected by an extract point — do we want
to cover dust extract systems at all here??

AT AT LA T o AP AL B il R AR A B X, BESR Do S XRS5, R4,
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2.6.7 DISTRIBUTION 4} 1ii

Design concepts for ductwork distribution systems — equal velocity, static regain etc are
covered in the ASHRAE Handbooks. Such calculations should be performed by only
qualified HVAC professionals, who should be familiar with ASHRAE.

B RG(UE . #E5E) MR BAEASHRAE T M A i . X 2evH 58l 27
ASHRAE 1] & HHVACE LA B3 K K31 o

2.7 HVAC CONTROLS AND MONITORING HVAC #4155

2.7.1 Introduction {4

This section will give a brief overview of the options available for controlling and monitoring
HVAC systems and the environments that they provide, providing guidance on the points to
consider when designing a new system or reviewing an existing installation. An important
early decision is to decide if the control system will also be the quality ‘system of record’
providing the alarms and recording that the environment is being maintained within the
specified limits, or if there will be an independent system to do this, with the HVAC control
system providing only ‘engineering’ information and alarms.

AR A HVACH 2 -5 I R 38 48 A SOX BE R FE P (LA Bt T ik et
BHVACR sl fiit CAFERIHVACR Gefe it 145 7 AR — R S 2 e w2 -
JUE AT ERI R WA AW E UK AG U REM ARG, BCRIT A CR AL, %
RGO SEAE TREAT BN TR ER o LSRRG NI T R YEFrAERUE R Va3
PUER Sl — D RS

2.7.2 Controls 1

There are many types of equipment that can be used to control an HVAC system, each with
advantages and disadvantages, three of the more common variations are described below;
FAAEZ PR B4 Re H T HIHVAC R 48, R ERA AL AU S8 e, DUR & =R
FHHIZEAY,

2.7.2.1 Basic control system LA RS

A basic system may use packaged controllers (Packaged FPIDEMURIE) for each of the
controlled variables. There may be independent control units — e.g. temperature, humidity, or
a single combined unit, with the sensors and controlled items — dampers, valves etc connected
to the controller. The controller may also have the capability of providing alarms. This option
provides a low purchase and installation cost, control panels in a large installation can be
standardized and complete panels held as spares. However there is no ability to monitor the
system performance, or analyze trends or component performance with this system, hence it
is rarely used. A picture of a typical control unit is shown below.
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Figure 2-14 Typical Single Loop Control (Courtesy of )
B 2-14 HAIRLEHIE

2.7.2.2 Building Management System (BMS) BHEE RS

The most common solution found in the industry is the BMS or BAS (Building Automation
System) system. This is a proprietary packaged system typically comprising of a number of
local independent control panels, field panels or outstations with the software / control logic
installed — the panel may control one or several HVAC or other building systems. This panel
is then connected by a network cable to one or several ‘supervisors’ — computer terminals
which allows a user to see the input and output signals, set up the system to record, and allow
the user to review plant performance data and trends, change set points and have alarms
reported / printed in a central location. This type of system is more expensive, but brings
additional capability allowing system performance to be monitored remotely, with
adjustments made to set points from a central location if required - a hierarchy of alarms can
also be easily set up. The large scale use of these systems has reduced the cost significantly.
Figure 2-15 — (to be added)

2Tk b B # RO T =2 BMS. GRS HER 40) s BAS (S H ML RED - &
ELATERG ARG, KRN RN DU PR g e P IR AL e B
RIPE IR 2238 T M SC R AT B 2 A, B REIS P — > B S HVACEUI A 2 i AR
Gio ARG ISP BIRR AN P 205 DR EE B B — A el DB A —— A U . 20 P
M RE Al TAE N B BN G 5, @ idsk R, i TAEA R 1) s T 8di A
s, SCEYIGRCE R, DAL E A IR E R . R RS S S, (HEREA TS
BEEINPERE: B B R M AR S T AIRDL, 77 EEI O B A I B B —— IR A )
BEEARGEM . KRB I BE R G4 5 K B eAS
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Figure 2-15 — (CR#¥3 1)
2.7.2.3 Fieldbus Systems B HE RS

The ‘next generation’ BMS uses ‘intelligent’ sensors and valves connected via a network
cable to the control system. There are a number of industry standard communication protocols
which mean that the owner is not tied to a single supplier, e.g. Hart or Foundation Fieldbus.

The software is held within the control system which communicates with the devices; the
device can self diagnose faults, automated components can also self calibrate to the control
signals.

This type of system is the most expensive to install, but should be more reliable, and simple to
maintain as they are self checking. The cost typically limits the use of this type of system to
process operations at present, but this may change as the costs reduce.

WA BEREANEBMS CESUEBERSD 1F A, A 7R R AL s AR ], X LbRE
AL IR R I Dl I ) 2 AR A I B B R R G o AFAE R E ) TVl P isChs it , AT
Y RERGN T REG AN B, W e B gaiie, HARTEMX.
TR R G RE H SR A R e T LB R, Aaiieiaftaey 817
RIS AR AEAL .

IR R G () 2238 e de B B IR, A2 SE HRTSEE, 1 Bl TeATRens B Fimi, pr e
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Figure 2-16 Field Bus system (courtesy of )
B 2-16 AHBERSA

2.7.3 Actuation methods X zfj75:

There are two common means of actuating components — electrical and pneumatic.

A P R DL B X SR A B - B UK SR R B R B
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Z.(.3.1 Electrical/Electronic H/HL, T 5XBJYA

The actuator will use a low voltage control signal, to control an electric motor, the units can
be on off, or proportional.

These systems are used where the speed of actuation can be slower, typical times for a valve
to go from fully open to fully closed are in the range of 1-2 minutes.

Installation is simple, as all signals are by cable — e.g. control signal, power supply, and any
feedback, such as valve position, or open/closed signals.

The actuators can be supplied as fail open, fail closed, or with a manual override facility.

IS A G B R S S i bl 55 PALRTRE N TF, W REN % LE B4t -
I ZR 48 T UK B R BRAIG  J7 o 1) A58 4 T 21 58 4 S IR IS TR)—FR R 1~257

T T WG 7 RS —— s hilE o s N RBUE R (. BT IR, T
IRA55) Pl ad Fefig o

UK s FL b B Zh9T IR kb 1 3000 P N A5 ¥ a5 55 D e

2.7.3.2 Pneumatic S 3h IRz

The control signal is used to vary the output pressure from a pneumatic controller, which is
fed to a pneumatic actuator on the controlled component. The system requires the use of an
I/P (control signal to pneumatic) converter, with an instrument quality air supply, then local
tubing to the actuator. In order to get the best response time the converter should be as close
as possible to the actuator. Fully pneumatic controls are available but seldom used with large
installations and BMS.

TRENFAINPGSIEIORI The system is naturally proportional control — i.e. the controlled item
position is proportional to the control signal. These units typically have a faster response time
than an electric or electronic unit. The pneumatic system is also ideal for hazardous areas
requiring intrinsically safe installations.

WG IG5 R A RS ST, RS ST ofE B ER
geih EAHPH s (MR A s E R FRREACR TR AN, AR5 il il
R BPAT IO B O TS BRI SN ], Bt B SRR AT oo e shiE
Tl AT LS, (HE l i 2K R 1 2R AIBMS, 7858 b AR A 4 <42
SER O A T R 3G R Be i Aedn, A% IRIAr BRI e 0 5 . R 48
A LB P T ——tun, PR A S AL B S 5 R LU BRI « X PP G — ikt
LB G5 SR 10 S IR T o S50 28 Gt SR A B 2 4 2 SR AT T 0 i Xk ) AR
.
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IPH Current-to-Pressure

Transmitter
------ -»| 1O > |
Programmable 4 & F Pneumatic
Controlier Control Valve

Figure 2-17 I/P transmitter
B 2-17 P fe g8
For HVAC applications response time is not usually critical, as the response time of the

overall system is slow, e.g. if the full equipment heat load is added instantaneously, the room
temperature will rise slowly, not instantaneously, similarly the rate of change of external
conditions is typically slow.

XMHVACSE i HIK L, S I Ta] AN BRI 22, DX A AN B AR ST A e L I T g
e PRI TRLRE P AT WA IR, B Te] IR AL Fe e e Ty, 1 AN SL BTy
AL, AMEAST AR AR AR

2.7.4 Instrumentation M &{X 3%

It is important to consider the requirements for the instrumentation to be used, in order to
select the most cost effective type, and to define the appropriate calibration/verification
regime. There is a lot of difference between domestic and commercial building type sensors
and industrial type units, the latter being in general more reliable, and certainly more robust —
for this reason on this grade of instrument should be considered. For some instruments
accuracy and repeatability are important, e.g. measuring room temperature, for others
accuracy is not important, but repeatability is, e.g. measuring a system flow rate in order to
maintain constant flow through the control of a variable speed fan. Thus three point
calibration may be required, or single point verification may be justifiable. The parameters
usually requiring monitoring include:

N T IR AAT BN E A TG ARG UE T, MR BCREER 2 AR H 2 . K
Jais TS M =R AN RIS @5 2 T AT AR KD o M PR i SRS ml S A it
FIPEA S v 5K, BT LA SR (R 00 IR B8 A 21 A i AT B S ) — 2Rk
DURE S, Wil R RO . T 28GR, R IR AN, i AR PR
D S AN [ P XL T ARG R SR AN PR R R IR AR SEU e U R SCR . TR I, ESRAT
= AR RS, i B B R AR R A 1 o 5 S SR M 5 B B4 -
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2.0.4.1 AIITIOW “T Yt

Measurement of airflow is typically done to allow control of airflow in a system. For
classified spaces, airflow should be kept constant to assure that particle counts, recovery, and
room pressure are in control.

This may be done using a flow grid — The Grid consists of a row of tubes with closed ends,
some of the tubes are perforated with small holes facing upstream sensing total pressure,

while others have holes facing downstream to sense [fOGISUDSIAtICHDICSSUICHtNErtubesae

PIOTIIENIANIRENENEE The difference in pressure signal between the two sets of tubes is
proportional to the square of the mean velocity in the airway. By connecting the output tubes
to a suitable instrument, the pressure difference and hence the volume flow rate can be easily

measured. In order to get an accurate reading the installation should have straight duct runs
equivalent 2-3 times the duct diameter upstream and downstream of the flow grid,
MR S TR RS E. X TR, RN RFFRFrEAZ, L
WORBURL & IR ThRE. TS A s i fe sl

AU AT DL R R . RIS H IR s P A D R S ) A R, S E
AL, RN LIRS EY R, ATRUBN B g o g S8R 10 R NL,
ALV IR IS ), IR TE 5 2 A SO, SO ICA S, BLyReMETE T
AR RTVIRAS o B TE M R S )15 5 R 228 AR R B P J7 OB EE o
B AIE I R, Hs ) 22 RV B R 2 IR I o A 1 A3 BIRS A PR 5
PAZAE TR 2 BA, AR EE T AEMI S L1 0k H 2-3 0% B B A%

A similar grid system uses hot wire anemometer elements. Because flow sensing is not
dependent on the square root of pressure, better accuracy at low flows is possible. Another
system gaining popularity is the fan venturi meter, either retrofitted to or an integral part of
the system fan inlet (evase) —with the advantage of established accuracy. Its performance is
independent of the ductwork design - hence is a useful commissioning aid. The wiring is all
local to the fan/AHU, simplifying installation. It should be noted that the usual function of the
grid is not to get an accurate reading, but to maintain a preset reading determined during
system commissioning, whether actual flow or not. Due to the square law operating principle,
differential pressure flow measurements have a limited turndown capability. For specialized
applications such as the monitoring of unidirectional air flow protection devices (laminar flow
hoods) hot wire anemometers are used. Vane anemometers are commonly used for
commissioning as they tend to have an averaging affect over the fan area compared to the spot
reading from the hot wire unit.

o5 AHALL R AR 2R G Al A O XU o J B o PSR SO AN | s g P T AR ks, I
Wik N RSB RIS R O T RE . 3N IEURAT I AR A SC e B & v AP LAY JL BE,
HUE SCR BN TIBEA 5 BORE B R G KL T EE N AR A R ——RE IR 2T T
HIRGHIRE o Zelt— BLHRAL T XML L/ AR FINLAL b, 227 8 A9 R i WS 1) 6
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2.7.4.2 Flow control S

The most common form of flow control is the damper — these can be manually adjusted, or
actuated, use a single blade, or be multi blade parallel or opposed blade.

These items are fairly basic, and the relationship between air flow and position is non linear
improved control is available using devices such as a ‘pneumatic’ damper — this uses a
bladder inflated with low pressure compressed air to open aerodynamically shaped blades.
These provide more linear control with better pressure recovery and turndown.

H LR R R i Tl ——"& T LU Sy XL AT 2 KL B0 B X
BT 2l 75 B0k ) o

IXLESRAYHLIE LA, ARANAL B2 1] R R ARZR P o R T s 155
LA R SCE AR BBl AT I A1 P P 4 2 < 78 A T4 1 1 < s 7 A
oo XA AR A BEPEALE Lk (2], Ay A s 70 W =2 RN e T BEAL T

e B e D s B s @ e @ —

: 2
2} [, 14 FLANGE L v

Figure 2-18 Pneumatic (“Bladder”) damper
B 2-18 R@h (“Bladder”) K7
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ANOTNer aevice that may pe used 1o provide better control is a variable orifice, such as the
item shown below: ) — AN AEFE M B A 45 (1) B 22 AT AR AL, LA R o

Figure 2-19 Variable Orifice (Venturi) Damper GRAPHIC MISSING

2.7.4.3 Control Valves #= 8 &

The correct selection of fluid (liquids or steam) control valve is critical for good system
performance, together with tuning of the control loop.

There are two types of control valve; the three port valve, which can be used as a mixing or
diverting valve to supply the controlled equipment, or the two port valve, which directly
controls flow to the equipment.

The three port valve was once the industry standard, however the use of two port valves with
variable flow rate systems is becoming far more common, as a well designed system is as
effective, and has a lower capital and operating cost.

IERRIE A GRAREARD A IR0 R4 ) RGP RE AT FR5EM, B0 H5 30l 2%
P AT WA T TR ORI ) () =R 1) s RS AR AR ) YA I )

B 115 o W12/ 7 (5 P £ i = I TS Gl i o 5 i R = 2 S 8
I ELERAE A A, B L 2 1 P VA4 30 R 1 1 8 T A A

Correct valve selection is important for the correct operation of a system, a brief over view of

the process follows, but for readers who require more information references are given in the
references section.

IERRIEFRIRT I T RE R BRI E AR B2, DU e B R BN 6 TR
B2 E B, LS SR S % 15 H .
Valve characteristic &[4

The valve characteristic is the ratio of flow through the valve to the valve lift (opening) at a
constant differential pressure. There are three main types of valve characteristic:

1R RS AEAE E IS 28 1, R TSR EE R o 1] 32284 =Rl
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Figure 2-20 Valve Characteristics (Courtesy of )

Figure 2-20 Valve Characteristics (Courtesy of ) WRITIREE
These are shown graphically as in a globe valve; LIk ] 45 7 5

. The fast opening valve is typically used for on / off control. &I ¥ i IR & - HL 5 (1)
TR o

. The Linear valve has a flow rate directly proportional to the amount it is open, and is
commonly used for diverting applications in HVAC supplying water to heating or cooling

coils.. el I AR & L5 1 T DO J TR/ B BE S 54 T T HVAC R &8 i AR Ak
SR B H A PR K

. The equal percentage valve is more commonly used in two port applications. 25 4y Lt
&% F T+ two port application.

The characteristic should be chosen with respect to the application of the valve. The installed
characteristic is the relationship between the flow and valve lift in the system where it is

installed. Where the pressure drop across the valve decreases with increasing flow the EP
valve will produce a more desirable linear characteristic.

I AR AR AN [F] PR FH SR R IE B AN [R] R 1 )R o 22 B8R e FR e B R G AR 5 1 ) T HAS
WK FR . B AR RGN, IR s DB D TR, AR o e s B
BRI G AL

Simple Flow coefficient calculation or Cv for liquids i & £ 55 S| B4 1 Cv 54
A5

Cv= design flowrate (gpm) x sqrt (Specific Gravity of the fluid/ Allowable pressure drop?)
Cv=iildiiiE (/%) >ridR b i s 22) ~F 7 R

JHIyE:1 Calculation should be based on the allowable pressure drop to determine the CV
needed. Selected valve should have that CV at 90% opening or less. FHE4E f0 V) s 25 K Al
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FERTHT Y CV AR JEFERIH| IFE/N 1251 90% T IR b H % 1t Cv fE.

Select a valve where the required Cv is in the 10-80% range of the stroke — use of a valve that
is too small (typically less than half the line size) or too large (line size or greater) would be
wrong — the valve will not have the ability to control the flow accurately, i.e. not have
adequate authority. If the valve normal operating condition results in operation in a near
closed condition control can be erratic, particularly if installed where flow tends to close the
valve.

JITiti i) Cv AE N AE 18 T AT AR 11 10~800030 Bl N IA 2o A A I T AT R/ T 1E R
S BORK CRFAETFEERS) &38R, W PE AR IR a6
J1, e AEA R IIBUE o W F R A E &R IE BOCHIRAS, PRSI
A, JCIAEFUAARAL R 1A DG P ) Ak

Valve Authority  [&# %

This is defined as the percentage of total system pressure drop assigned to the valve, i.e. in a
circulation system the pump will deliver some head to overcome pipe and heat exchanger
losses and some to overcome valve resistance. If the latter is small in comparison to the
former the valve will have less ability to control effectively.

VA A i B 1 1T R 2R o S I R G s I3 R 4 b s R NMIEM R G,
IR DO IR AR A . AT A —LE i T TR R 4 . Wi T e i £
NI 77 i 1SSl ok 5/ N L= 8 S22t s A K (1

Differential Pressure K%

There are three applications for the measurement of differential pressure: Ml & & 7 A =1~
Fli&:

. The use of a differential pressure monitor to interpret the readings from a flow measuring
device.

. The use of a pressure switch to detect:

«  Flow failure of a fan (not usually necessary if the system has flow monitoring)

. Detection of high pressure across a filter or filter set, to provide an indication that the
filters require changing.

. The detection of low differential pressure between rooms to provide an indication of the
incorrect airflow direction (non sterile areas), or failure of a design differential pressure
(sterile areas).

o RIS Iy AN o8 AP At e e L A

o M T 4% g 25460 -

o KWL RS (R AR GRS, W AL B2 .

o RINZE I RS B E RS AL I I B, DLSR PR DR AR T 2 S R
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o SN BB AR T R, DI AN A R AA T 1] (ARG TR X0, v (1 R B H B
ks CCR XD feftziz.

2.7.4.4 Differential Pressure sensing/Indication F&Jj B MI/R =

There are a number of options here; 777t K1 (I FE;

One of the most basic instruments is the Magnehelic gauge, a robust device based on the
measurement of the deflection of a metal diaphragm which provides a visual indication of
differential pressure. This device is also available with a switch output, or a variable output.
An alternative is a simple device using a colored ball mounted in an inclined tube, as shown
below — this type of unit operates from first principles, so does not require calibration, the
disadvantage is that there is airflow through the unit, so it requires routine cleaning.

IRIEA A LU R, e R T e B i 8 PR, D s DB i 1]
E‘z?ﬁ@%ﬁ@%‘ i‘zﬁ*%ﬁ_fuﬁ%ﬁtﬂ??%ﬁﬁtlﬁi_@ﬁﬁﬁﬂj i RS R A AN E T RNE
SRR A S R RIS R A S5 S AT (1, BT AAS
ﬁ%i‘%%ﬂﬁﬁ‘/& B2 {MZF%JE JH:@(%%, s ZEHEATH R AR

Figure 2-21 Visual DP indicator (courtesy of __ )

AL 2 BRI
Where greater sensitivity is required, or a control function based on a differential pressure an
electronic pressure transducer can be used — these are available with or without indicator
LEDs to allow an operator to see if conditions are acceptable or not. The most sophisticated
DP sensors are pressure diaphragms with an accuracy of +/- 0.005” (0.25 Pa). Output is
commonly 4-20 mA. When specifying these units be careful to consider the operating
pressure range, and ensure that the device is robust enough to handle the occasional pressure
spike.

214 78 S S R )RR A T s g B, 8 P PR P 0 A R s —— A AN AT 4
ANTEOL R, RERSAE AT G RIS AT IR0 £ T2 32 Y 1 A o Rk 8 P 22 s A Sl
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FE R MR, BRI 9 +H- 0.0057 (0.25 Pa). Hit—AE 4-20mA. EEFZEE (K
DI W EACGRIN, 5 EAHEE T B Va0 OR 5 RE 08 AL TR 7K R AR 1) s g i
2

2.7.4.5 Temperature sensor ¥ f k38

The almost universal industrial sensor used to monitor temperature is the resistance
thermometer (RTD). Liquid and gas expansion systems are used for self acting controllers and
switches. 100 Ohm RTDs with a 38.5 Ohm fundamental interval are the industry standard and
are available with different accuracy standards, some as accurate as . Some HVAC
systems may utilize 1000 Ohm sensors of a lower accuracy.

PRI T (RTD) 2 e ab RS I () TV AR IRty o AR AR K R e 1
A A HFITF oG . Tl briflat B & 38.5 BRARIEAH] BF ) 100 BRAR () # FLRH , & BERE i A2
ANE AR BEARHE R ZEK, - - o UEIORS BRI HVAC R GeAd A 1000 KRR 1) ££ 8
At o

2.7.4.6 Humidity sensor @ JEfERKa%

It is far more common to monitor relative humidity, though there are applications where it
may be advantageous to monitor absolute humidity, for example in a system used to supply
multiple areas, each equipped with a local branch re-heater, so that the moisture reading is
independent of the temperature (in the example given the supply temperature would be reset
to minimize the use of the re-heaters, thus each change in supply temperature would require
the supply RH to be reset, whereas the humidity would be constant). The sensors used
industrially to monitor relative humidity now are generally units which measure the change in
capacitance between two plates due to the variation in humidity. Accuracy is in the range of

B ARAT IR A 75 ST 20 0 30 5, L AT D AR B Ok WL o BN e A AT 2 AT S A
(K173 SRR )8 22 BEIX IR S5 O R G855 Rl 48 36 18 5 T LA 7K 725 8 R B 50 T
TR AR (RESEBI R, D T AL ARG A IR B ey, e R AR e, iR
Ry — AR R 2 A0 Y AR AR AR A AR A, T 40 AH e AR D H AL
b ST X 9 B2 ) A s R AR 0 A0 oy 38 P A A T 5 R 1) A R S ) L A
et . A ——o

2.7.5 Environmental Monitoring 3546 ]

2.7.4.1 It is a regulatory requirement to monitor critical process parameters. These vary
depending on the product, but commonly include; Kl s T. 22 B2 & H I ER . M
PR IR, RS AN, BRI ;

. Temperature ¥ /5
. Humidity 2/
. Air flow direction / area differential pressure (as it is difficult to monitor air flow,
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difterential pressure Is the parameter typically monitored) <3 /7 [ 5 X 8 s 7 C iy - T-46 1)
AR PR, B LR LU ZE A A kil 2 50

. And may include particle monitoring for classified areas or for airborne hazardous
particles for worker protection b ] BEAT I 7328 DX I R 5 &, BOh DR TAE N B4 sz
I3 = A R

Viable particles (CFU - Colony Forming Units) for classified spaces

KK A

It is now common practice in the industry to validate the monitoring system (sensors,
transmitters, indicators, recorders, alarms) for those parameters defined as critical (usually in
the process monitoring computer system), and use GEP to ensure the development and
maintenance of a robust control system (via the HVAC control system). This approach
provides the quality organization with a record of the conditions from a validated system,
without the need for cumbersome quality change control process on the control system (an

engineering change control system is still required, which typically is less cumbersome, and
less extensive in its scope — e.g. may not include all set points).

T B RBE R SR R AT IR (PRI . ARIRAS . JRosds . THEAS . B
W), RN GEP Ky fr— Ay KRBl R g iiaEmdey Gl =< dz il
RGL) o EFITENCRAE R G A TR AU SR T84T 6 a sk, AN 220 R
g8 FOREICE M AR TR (A DR TG R AR T E, EATUE, mH
SEREA, Bl A7 REFFANT 2 DA I BOE KO

2.7.5.1 With any monitoring system the main factors to consider are: X} Jff& /il &
i, e B NER EER:

. Accuracy & repeatability required SR KR A o A E 2 P
. Long term stability & failure modes K 31t F% 5 P A1 2 2ohs 5

i Sensor location / locations % JE (v &'
. Alarm requirements £ 5k
. Record requirements i\ 3% 22K

2.7.5.2 Accuracy required EsRFIFEHE

The accuracy of the monitoring system should be subtracted from the defined limits, in order
to ensure that the product requirements are met — thus it is cost effective to use a reliable high
accuracy sensor, allowing the maximum latitude for the control system. For example if the
conditions are 18 — 25 degrees C, and the monitoring system has an accuracy of 0.5 degrees,
the space can be maintained within the limits 18.5 — 24.4 degrees C; if the monitoring sensor
has an accuracy of =2 degrees C, then the conditions need to be maintained between 20 and
23 degrees C.
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9T AR AL P ity BT K, SRR RN R 7 O A I AR S KRS A o APl 1Y)
re R AT TR BB A AN BEAT K, AR R e 4 S Bl ds KA o ol SRt 42 T
AR 18-25C, Krl RS A £0.5°C, WIHE 2% (M SEFRAEAE 18.5-24.4°C [
P YERE; i A AL S8 TRRE B P S £2°C, WUl s ) L REAE 20-23C il [l 3 4 F
2.7.5.3 Long term stability and failure modes 3 % xe A0 2 i,

2.7.5.4 Sensor location / locations f&/&Z8Ar E

This is an area of great discussion, let us consider temperature and humidity (typically
Relative Humidity) — the most important thing to remember is that conditions are very rarely
uniform throughout a room — see fundamentals of HVAC systems.

The traditional location for the monitoring sensor was in the common return air duct — this is
still a good location, giving an average of the conditions in the space, assuming that the
supply diffusers are doing a good job of mixing the supply with the room air.

I 2R SR, FRATMIR AN R (B aCUAHNR R R . XHEAF SRR A2
ARDIE S A b5 0] A R A P 58 42— FERI I &0 (2L HVAC RGEHEAFHD

R4 b, KGR AL T3 U TE I Bl . n R e I X S = N R
WA, A UETE R b AR I A% A BE A I B = N P B

It may be necessary to study the relationship between worst case conditions in the room and
the mixed condition in the return duct. 43 252X % P S IR I 15 0 5 Bl g 457 3 v (R VR 61
DL A ) R R IEAT ST o

If there are any significant heat or humidity gains then the local conditions near the source
will be different. 4154 H 30 b =2 PRI B2 B FE B I, I8 Sl Y Sk 1R JR B0 R 17 0 25 A
[F] o

When considering sensor locations also consider the process as seen by the product — for
example consider a typical tablet compression room; 4% [E 4% AR B I 7] I 75 2255 &
an B ST, W A

The raw material sits in a hopper typically near a supply register, so that the area is flushed
with clean air, it is then fed into the dies, where it is compressed — the process generating a
significant amount of heat — the compressed tablet is then released into a de-duster/metal

detector, into a collection bin, where it is cooling and exposed to the room conditions — due to
the localized heat, the local RH will be lower.

JORM T SE f RB A8 BRRERE T, P DA DX e it 4 (1) 2 e o AR ORIk 24
HA gl s i —— e B A R R, T4 Ja B 29 I OO BR AR IR < s A U 2 o, 1
HENCHRESE AR HOF B A 5 PRI TR AR, SR A
R AT

As the equipment generates a significant amount of heat the air change rate is high — typically
around 20 times per hour, to keep the supply air temperature differential reasonable — circa 0.5
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aegrees.
H TR & A KRG, TS & FE 25 O 0.5°C), SR NI E
KHE 20 PRI/,

The most critical area is the feed hopper, which is covered by the supply air — thus in this
instance it could be argued that this would be the location to monitor.

Po T2 A ) 2 HERL 2L, e e it U RS, IR T, RERL S B
YA A o 22 TR U 45 PR 5 T A7 P

There are also a number of options to consider for Differential Pressure, it is common practice
to measure across the doors of the airlock, though the requirement it maintain the difference
between the rooms, as it is usually desirable to maintain a positive pressure in the

manufacturing area where there is any risk of ingress of outside air, hence some may prefer to
monitor the room pressure compared to an external reference point.

R s ) 755 22 7% FRAR 22 SF I o B AR FATTHAGL I 2 3 XUT] PR Hs 2 LAORARE A ] 1 1) ) Js g
7, AHIE BT DX 7 OR KR 1E s LA S A e G R e R E N, LA S N 5
PR EHER =N ), AR MBS s ).

2.7.5.5 Alarm requirements Z#HE R

It is important to consider the desired response to an alarm state. Many alarms will provide
early warning to the facility engineering staff of an unusual state requiring some attention or
adjustment, but not indicating any transgression of required operating conditions. Other
alarms often for the same variable at a worse condition may indicate that operating conditions
have exceeded the specified states and production need to take action with the process to

ensure product quality is not compromised. These alarms need to be relayed to the appropriate
business unit.

BATTFFAE T B EHCRAS AR S N o VF 28k os o T TR 3R BRI &
SRR AR IEFORSE R, EIFREWAE T T UE BRI WA o — SRR AR
HIZ BRI ARG DU, 8 BRSO B S Ml Y T e Y, 7 28R
He it AR DR ™ B R BT B R B2 B 520 o IR BB T BRI 4 e B R B 4%

The regulatory requirement is for a local alarm, notifying the operator when the conditions are
outside the defined limits.

X A AR ) R SR s AERRAE S AT TR JE I, ARk 4548 N AT T
This may be by an audible and or visual indication — e.g. a horn and flashing light mounted in
a common area of the production suite, where it can be seen or heard from the whole suite.

It is a good practice to set this action alarm at the extreme conditions, and have an engineering
“alert” alarm at conditions just outside the normal operating range, to alert the engineering
staff of a potentially unusual condition as soon as possible, so that action may be taken to
prevent an action alarm.

Xo] el — W B kR SEI s LA S I Y, AR D5 T AR fE
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BIEMT I, iy E TR HTIN IO o

PR S I TR AR, D IR HH R 15 S A S B A DR s
HAAHELF L o SXAE AT LSRR R TR SO A I AR T 00, A SR IORH N it
NI BEL L PR A AR ) Y 3

This engineering alarm may come from the validated monitoring system, or the GEP control
system. IXFPTAREAR AT RESK H 5 LLGAE R I R 48, AT AR BT GEP £ R 5¢.
2.7.5.6 Record requirements R E R

Every company has its own standards — it may be acceptable to just have a record of any
alarms during manufacturing — or lack thereof! — recorded on the batch record sheet.

It may be preferred to have an actual record.

With current data logging systems this may be in the form of a continuous chart, or a daily
printout of min, max average, Standard Deviation.

B A FO AT A S AR SR ——A7 AT e S U I R T AR sk, B A
AR Al s R I %

HEFE AT PRl oK

PUH F s sERHAs RGN 5, SEFR il S S k& . 8iRE H /MR8
. bRAER ZE 05K .

2.7.6 Equipment monitoring ¢ 7% il

There are a number of ways that HVAC equipment can be monitored; consider a fan motor:
AVF 2 &2 0N HVAC s, BAXML SIS Al -

. The control contactor can be wired so that an alarm is given if the unit goes into
overload. ¥ HilReMm AR IEH 2k, DUE B4 ok 2 Rets kR

. The motor current can be monitored i ) 24 5 1 150 v LA 0

. The motor temperature can be monitored 232 it J& 1] DL Wil .
. Vibration or acoustic output may be monitored. 7= z/)ak 5 & 4 ] Be g I

. The airflow from the fan can be monitored using an in duct device, or a in fan device
A1 AE T8 B XL P 22 2 mT M D0 XUBTL ) <

The unit which measures the flow is the unit which will detect all of the fan failure modes, the
others have potential limitations, depending on the fan drive arrangement, this measurement is
also likely to be the most sensitive. With the new generation of accelerometers it is cost
effective to monitor the performance of rotating equipment to ensure early detection of system
wear (due to vibration). The sensors can be wired to a BMS, or be wireless, transmitting data
to a base station for monitoring.

ISR TR I KL R A S e, 5 AR vl e A2 e AR I 5 vk
oAb A AR XL B 5 AN AR MR R o B BT AR s O i
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U T % L e ) JRAN T 28, I A g% m) LA ORS00 S e T R Bl 5 RS IR AR e B IR
Ao AREAS T UAEH kB IC 2 I B 22 BMS A5 B R 40, K IR IR AL 3 B LA 0.
2.7.5.1 Other equipment parameters may also be monitored, primarily as part of GEP to
ensure lowest life cycle cost: At —2ErT BRI KI5 S50, T2 GEP 1—3B4 LA
DR AR R 3 A B A1 -

Fan speed (or current draw, to indicate added pressure drop due to filter loading)

Supply duct pressure

Damper actuator positions (to predict need for re-balancing of the HVAC)

Filter pressure drop (where filters tend to load quickly)

Cooling coil leaving temperature

Other HVAC parameters, to aid in predicting maintenance and in troubleshooting
performance problems

WAL (B br s, LU s ol 3 XUBIL A7 8 i 458 hn i) Hs 4 20
PEXETE K T
AT TIRShARALE Al TE HVAC RG0S 1 i 238 i)
/)ﬁ%ﬁfﬁb Z G UR/£ 31k RV SN
EIEAE H L
FoAth HVAC Ho %, L3S B oY froRn s B 16 1) 7
2.7.5.2 Sensor mounting considerations 1% /&% % B 11 & 4 1l
The things to consider when selecting where to mount a sensor are:
The instrument needs to be mounted so that it is easy to calibrate.

The instrument specification and mounting need to consider any local cleaning required
It is best to keep pneumatic control lines as short as possible.

LEAG RN T T8
LEALEH G RHEIN E

A ] A 22 2 75 B T8 SRy TR i 225K
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2.8 SYSTEM ECONOMICS RZZ5F

2.8.1 Introduction fi#j 4>

The pharmaceutical industry is unusual in that the potential impact of an HVAC system
failure could be financially very significant, for example causing loss of a batch of product, or
the loss of control of the conditions in a research laboratory, potentially invalidating the
results of a long term test. Thus the risk assessment of a system‘s failure must encompass the
product quality issues as well as the potential business issues. The benefit of providing a clear
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aeTinition ot tne potental Impact or system failure is that it can influence and justify the
allowable budget for the system.

HVAC ZZe it beon il 25 Tl 52 M AR [ S50, b 2055 A SEmaqR 2 o it 3 30—tk
LR AR K BT S 6 48 PR 1) 2K AT AN RE SR IE AT SIEB0 25 2R o DAL I 2R e s ) X
57 DAty 0 20 A 455 7 it JU ) RURH 9 A () R b 1) R o 375 BT 5 S VB A 5 i 1) R e o i AR
WA, IXFERENS 1E R ST U S 5 #L

If the cost and likelihood of failure is high, duplication of systems/equipment may be viable.
But a better recourse is to redesign the system or process to reduce the risk. The potential
impact of redundancy will not only influence the HVAC system design and maintenance but
also the design requirements for the supporting utilities — for example, there may be no sense
having duplex air conditioning systems if there is only one chiller and one circulating pump
for the chilled water supply to the HVAC cooling coil.

T R R PR BSOS R AT e A v, i R 46 T R G sl T e e o AHLIE BEAT IR 5V 2 FHT
Bt RGEC L Z LRGSR DCRSZ I HVAC R Geih AI4Ed, iy B 520
AFLRE ) Bt 223K . it 2 3 — G AT —MEIE N HVAC RGe4% H1 48 5 it
IV BRI, B B 2 BB S ST R S

There is another “softer” consideration — appearance. The industry is open for audit, typically
by internal as well as external agencies, and there is a strong desire to maintain the appearance
of the facility. Thus the cost of the equipment installed may be higher than in equivalent plant
in other industries.

FENEA AR AT TE—IM . T8 TR A P 03 B R HLAL B £,
e AR L) IS T LA 24 TP AH ] 1 o ) 22 26 AR 2% v T A Tl

These requirements present Engineers with a unique set of challenges which vary from

system to system. The engineer needs to review the risk and potential impact of system failure
considering all of the potential modes of failure, for example;

« Airflow failure

. Filter failure (loss of control of airborne particles or cross-contamination)
. Failure of temperature control

« Failure of humidity control

DA EZERON TR G T — R A Hkik, XLk il s R A RNMAFE . TN K
e S g S WIS S QIR RSP A I (7 L U

o URiRE

o REPEEREE B AURURLEAS X R R RO

o TR

R T1 % b L

This risk analysis assessing the potential impact of system failure can significantly influence
the HVAC system design, and maintenance, as well as the design of the supporting utilities.
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I Ne scope OT Tne analysis may Inciuae ousiness as well as quality aspects — simplistically put
if the system fails, and the qualified (verified) monitoring system advises quality that the area

is not within specifications, there is no patient risk, but the [EIISIIEIES could be
considerable.

JERL AT T ARG R AL 52, REf8 W25 52 HVAC RGEvevt Mgedr LL A A I3
Tt e v o A B A i R MY P 5 T —— 3 R R AR R G, Al iR R S
Rebdom s b e . TAEXIRAESR BVl A, AAAER NGRS, (HRL a2 %
JE.

These considerations are on top of the conventional economical considerations balancing
capital and operating costs.

The user requirements have serious implications on the design, and need to be carefully
considered and defined, they should include the following:

AL IS~ BEAS A 5 3 AT A (0 R 22 57 25 FE I 1 B 5 B I 3R

I EESRSE WAL 2 5 g v, wy B A a5 B AE X, I EESRALE—R i .

. Internal conditions - How much variation is acceptable, - a wider operating range will
mean a lower cost system, both to install and operate. Many believe that if they specify closer
operating ranges, they will get a “better” i.e. more robust system, this is not necessarily the
case, in order to maintain closer tolerances the plant may be selected with greater capacity and
faster responding sensors, and actuators, which are more sensitive and require careful tuning,
and maintenance. Having specified these closer tolerances the system must be commissioned
to operate to meet these specifications. The capital and operating costs of this more complex
system are likely to be higher.

. External conditions - If the facility is to kept operable 365 days a year then the plant
needs to be sized to handle the peak external design conditions. If it is acceptable to have a
few percent downtime during peak seasons, then the HVAC system and supporting utilities
can be downsized to suit, or a system of load shedding incorporated into the design of the
support utilities, with the HVAC system components being sized to suit the extremes.

o WEEAM—T DHRZ A FNEE, 58 RSB SRS M RA, s 2
JEAMHRAE A . VP2 NV WUERSRE T PARERAER, W S TS TR S, s
FIEA RS FHITFARI. S TSI NER, 1) 75 EFEae s R, iy
SR A% A BRI T, XTSI, i 2N ORI A E Y. e Tk
LUHEAMEEH, RGOLAAEIX LR VE B N 3RAE . IX LRI RGN BE Bl AR A T 1k
AR AT RS B

o HNERSMF——IR )4 365 RARFEIRATH, A L) w vt s REAL BB i A
BV Ao W RAEM S (1215 H ] U5tz — BU ], 84 HVAC REEHT A ] TRE oom
A UABRAR I vt 2K, B AE A CREC it sR I 0 AN 18R 48, 11l HVAC R 4E
P DUl L FE A g A PR i 4 1 o 2
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Other factors will attect the system economics: At 520 R L5 1K 2

. Building envelope - A low cost poorly insulated facility will mean a corresponding
increase in the operating cost and capital cost of the HVAC system, for a given set of internal
conditions. Similarly a review of the facility construction/insulation may be beneficial — for
example improving the insulation may allow a warehouse facility to require only a heating
system, rather than air conditioning.

o BRI —REEE R RN U, IR BRAICRZER L)
IS R AR AN HVAC R G HRAE A RN A A 3G n o [RI B, F0ioh ) ) &5 R A
B AR A By VE—— . e R BV e] UG R ) A3 A 2R 4t

AN 2T RGE .

. Internal layout/design - A well developed design will keep the influence of major heat
loads outside the conditioned area, or use the other utilities required to minimize the internal
loads, for example a dust extract unit can also extract heat from a motor in the room, reducing
space heat gains. There may be benefits from grouping the environmentally critical areas

within the building, keeping them away from the external walls, to reduce the external load
variations.

o A R TE—— AN B E SR T B FA A RS L R R X A2 A
o A A B AR N I G o B BRZAEFOCBRENE H R A IR R, D
23[R RAT A FA R o g SR A D B PS5 DX R ARAT S AL IR, RS 13 O B (X Sl 25
ARG, /NN ER ST (AR

2.8.2 Life Cycle Cost Analysis “ iy i W1 i A 23 7

Typical method — Evaluate payback against incremental cost of options e.g. design types — for
dehumidification chemical dehumidification vs. chilled water or DX systems optimizing air
distribution, use of Computational Fluid Dynamics (computer airflow modeling), allowing
larger room supply air temperature differences, humidification using local electric boilers,
water spray injection (ultrasonic or air blown.) Ductwork design based on static regain,

requiring minimum balancing. Typical HVAC Economic Issues: 74 7 y—PEAL L FE
R A RS, . vk I — X LA HUK B AT S DX RAEAEAL 2= R
N, TSRS )% GHRPVRIRBEELD, AR 55 ] B4 XU 2 g A=A
b, A R R AR R B AR AN GBI B TE R RS
PAFHEA b, T 2 NPT . SRR HVAC 25 n) i A 4

.« Availability 5%k

. Sizing k7B

« Volume vs. temperature to achieve “Q” 75 1A 2“Q” T i B (IR

. Waterside vs. Airside energy reductions 7K &1 X & 1 HE R

. Energy Recovery fE& [0k
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IABLE Z-0 VWHAI IS 117 1apble 10 go In!!

When reviewing potential solutions, the life cycle cost should be analyzed — the analysis will
encompass the following aspects, considering capital cost and lifetime operating costs.

2 FEWE AR W R TT VRN, N o0 B A i JR T RleAR —— % 18 380 0% A Jl AR R 7 iy R 4 ok
¥ N TINACR il AR T8

2.8.2.1 First Cost vs. life cycle cost —¥X IR 5 4=y A B A

There is a balance between first cost and operating cost, as well as considering the factors
described in this section, the designer must consider: — XA 5 24 fiy F 3 lAS 2 TR A7 A4
— AP, FTHEIER] N WA R R, Bk A D g

. The system design life RZ 1173

« Labor costs and trends 57 3)) 1 AN 55 8)) ) A Kk A

. Energy costs and trends fg 5 BT e 7 AR K a4

The maximum capital spend that will make the project financially viable

T W BCRERS IS AT S N I KA E T

2.8.2.2 The system design life RZ &5y

If the facility has a short life, then it may be possible to save money on the equipment, and not
invest in plant of the quality that would be optimum for a facility with a long predicted
operating life. Maintenance costs (as discussed below) extend over the entire facility life,
becoming more cost-significant as the facility life increases.

WR L) B A dnkd, A REAE S B AR AR, AN I LT O A I T B4 7 i I
SR YEBERCAR CRIAIRIER) fET) Zaar WA IN, BE& ) Zar B 41z
JRAS 3 AR A AR B 2

2.8.2.3 Labor costs and trends %5311 AR 575 A &k R E

The decision to invest in performance monitoring and, for example centralized lubrication
systems will similarly be influenced by the anticipated facility life and the cost of labor.

P TAEIBAT M b, A5 an B i 3 25 ik 2 8 % 52 U A A RS B ) AR 5
.
2.8.2.4 Energy costs and trends BERRAHIGER R A

The cost of energy must be considered not only from the system design concepts, but the
perspective of component selection, for example:

« AHU housing — low cost units may be made of pre-finished steel, and have minimal
insulation. The unit may suffer from high air leakage, causing increased operating costs, and
sweating, causing external corrosion and a shorter working life.

. Fan — the fan may be direct drive, with a variable frequency supply to vary the fan speed
to maintain a constant supply volume. It may use a high efficiency flat belt drive instead of
the traditional V-belts to improve energy efficiency.
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. Filter selection — the optimum selection of pre-filtration systems will balance labor cost,
filter cost, the contaminants in the local environment, the capacity of the filter, energy costs

and the cost of cleaning the AHU during changing of the filter — this may be the conventional
panel / bag, or may be a bag / bag filter combination.

o RLIESSHIE I D R G S U R IR B 5T B AR, L ERREOA, )
EEABE Y gy, A yEERRE ), BEEL ARSI DRSS N, TE S AL BEALAL I A . e
B I IR AR AT RS S 5 )42 i AR o g8 4%, vl e JE R 5 ARSI AL &

«  Chillers cooled using cooling tower water rather than air cooled condensers. ¥4 17K A H
RHIEIK,  MAME ] 2 ks o

. Chilled water cooling vs. direct expansion ¥4 Z[17K¥#15 B 1A

Energy Recovery B&EI[E[I

The potential risk of cross contamination means that some of the simpler means of heat
recovery, such as the rotating wheel are not acceptable, however other systems such as heat
pipes, and run around coils are and should be reviewed to see if there is a payback.

AL X G L 6 B i RS St (DS SE T B 025, 0 T e A 4 AN AR VR o R AR
RGWMPEE . PG E T LN I RE S AT e 4%e,  BLAITRE A i ki 2

Similarly systems which use the measurement of enthalpy to vat the amount of fresh air may
be economic, though the design and sizing of the dampers needs to be more carefully

considered for an application where it is important to maintain system volumes, and room
pressure differentials.

FRACLER) 2 G M) 0 2 0 A A 15 o 2 AU B vl e S A DR RO, BRARSR T IX A ik
S PEAEYEF RGN E N RN, KT B 5 R/ N 2845 5 i
2.8.2.5 Consumables Costs #RFERA

The life and cost of each consumable component must be considered - filters are an obvious
example — the optimum selection of pre-filtration systems will balance labor cost (for the
actual replacement and the cleaning required when a filter is removed prior to installing the
new filter), filter cost, the contaminants in the local environment, the capacity of the filter,

rate of change of pressure drop, energy costs in order to recommend an optimum selection —
this may be the conventional panel / bag arrangement or may show a bag / bag filter
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compinaton 10 be more cost emrecuve. Another example would be the drive belt — V-belts
have a significantly shorter life than a flat belt, but cost less. They are not as energy efficient
as a flat belt though, thus the savings in maintaining a stock of spare belts, energy savings,
and saving in labor costs to replace the belts, and re-tension them may make them cheaper
over the plant operating life.

FEAD T K FAT () 75 iy A0 RSAS b 25U 7% JE—— T R AR A IR ] —— TR A
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2.8.2.6 Impact of system failure R RBHIZH

If the cost and likelihood of failure is very high, and product value and risk are also high,
duplication of systems/equipment may be advisable. The potential impact of system failure
will not only potentially influence the HVAC system design and maintenance but affect
design of the supporting utilities.

IR G AT BETEAR iy, [N i, ek ke, R UCRHI & RS 1
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2.8.2.7 Appearance is another factor many believe influences plant room, system and
equipment design and specification. The industry is open for audit, typically by internal as
well as external agencies, and there is a strong desire to maintain the appearance of the facility

— in addition to complying with the GMP requirements, ensuring that not only the equipment
but the plant room area and is easily cleanable.

VFZ NN 7 — S L) by REGEMG W SR RER . T S#ITR
B, AT N BB A AT I S AN LR B A, (B S AT A Bk A, AIREZ ISPE
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2.8.2.7 Reliability / Maintenance Costs W] fg /2P A

The life cycle cost analysis must also consider reliability / maintenance aspects.

Consider the lowest cost material used for a cooling coil, aluminum fins on copper tube. In a
poor environment there will be corrosion on the fin material, reducing the efficiency of the
unit, with the fins eventually corroding to the extent that the unit will not perform adequately.

There are options for the specification of this item, each increasing the first cost, but
increasing the operating life: Copper tube with polyester coated aluminum fins or Copper tube
with electro tinned copper fins.
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A Tan specitication witn a 1ong aesign pearing life will allow for extended operating periods
without maintenance. Grouped lubrication points will minimize costs, and allow lubrication
when the plant is in operation.

The cost of routinely calibrating instrumentation should not be overlooked — it may be cost
effective to have one calibrated differential pressure switch across a bank of filters, with un-
calibrated ‘engineering information’ pressure gauges across each filter.
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2.8.2.9 As well as the obvious factors there are other ‘political’ factors to consider to vary the

ratio of direct (capital) vs. indirect (operating) cost;

. There may be grants available to assist with capital costs
. There may be incentives to make the system more energy efficient

FE7%5 8 HAR A (CBEA A M RA GRIEAD I, B T BRI NS, e
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2.8.3 User Requirements Specification JH /" 23K i} 1]

0

0

As a project is considered justifiable, before the design details are developed the quality
critical environmental requirements must be defined by the user, typically in a User
Requirement Specification — this may include;

. Temperature for product and for workers

«  Humidity for product and for workers

. Air flow directions / differential pressures for contamination control

. Area classification (particles — viable and non-viable (classified spaces)

«  Clean up times from in-sue to at-rest (classified spaces)

The user requirements can have a significant influence on system cost, and need to be
carefully considered and defined. For example:

A ATH BN SRR, BB AT, 7 b TR R O B ER .
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2.8.3.1 Air Change rates S &

There is a common misconception within the Pharmaceutical Industry of a regulatory
requirement of a minimum air change rate for an area — typically held to be 20. This is
generally not true, especially for non-classified areas. In the European regulations there is a
requirement for a ‘clean up’ time of 15 to 20 minutes in a sterile product processing facility —
calculating this based on a clean air supply to a room, completely uniform mixing from class
10,000 to class 100 gives 14 minutes recovery time — in practice neither of these assumptions
are realistic.

FER 2 T, AFAE— 8 AR AE—— A IR B MR R EER 2 20,0 IX2A
BRFFLH, JCH R T AR RO U FERC ST, SZORTGw ™ i L2 L) G
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However, the 2004 FDA “Guidance for Industry for Sterile Drug Products Produced by
Aseptic Processing -Current Good Manufacturing Practice” gives the following guidance:

For Class 100,000 (ISO 8) supporting rooms, airflow sufficient to achieve at least 20 air
changes per hour is typically acceptable. Significantly higher air change rates are normally
needed for Class 10,000 and Class 100 areas.

H&, 2004 hix FDA“JGIE L2 A o 24 i i) VA i —— H AT OL 75 il S o4 7
T LU MR

X100 000 21 5 1n], ARk ) 20 20 RN IR 302 T T BLE2 ) . A5
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Some companies specify their own arbitrary air change rates — this is not a good practice; the
designer should take responsibility for defining this based on a number of factors.

There may be a benefit in assuming air change rates to use as a basis for establishing an initial
project concept cost used to determine the viability of a project.

In order to define the actual air change rate required the designer must consider the following
interrelated factors:

LR AR E BATIE R
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. Heat gain to the conditioned space due to external influences — e.g. solar gain

. Heat gain to the space due to internal influences — e.g. equipment

. Moisture gain to the conditioned space due to external influences — e.g. external humidity
. Moisture gain to the space due to internal influences — e.g. occupants

«  The number and location of the occupants in the space

. The tasks the occupants are doing

. The clothing (gowning level) of the occupants

« The process

« The cleanliness of the supply air

. The means and efficiency of coverage of distributing the supply air

. The means and location of extracting the air from the conditioned space

«  Where the control and monitoring sensors are located

. The locations where the specified conditions are critical — e.g. in a tablet compression
room the process will add a considerable amount of heat to the product — the critical area is
likely to be where the raw material is exposed.

. The cost of putting in a system capable of higher air change rates than those actually
required is significant both in terms of the capital and system operating costs. As discussed
earlier, a process that generates low volumes of particles, in a large room, may need fewer air
changes to maintain desirable particle levels.
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2.8.4 Life Time Operating Costs FyiafT A

These are the total costs of building and operating the installation, including design,
purchasing, installing, commissioning, operating and maintaining (including labor, energy and
spare parts) the system during the working life of the asset, and its dismantling. Cleaning and
disposal cost. Refer to 2.8.2, and 2.8.4 for the factors affecting this.
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2.8.5 Comparing Options * bk

Most companies have internal accounting systems that will facilitate the evaluation of
different design concepts, evaluating payback against the cost of the different design options,
(investment analysis) considering the design life of the facility e.g. chemical dehumidification
vs. chilled water or DX systems, humidification using suitably treated plant steam, local
electric boilers, water spray injection (ultrasonic or air blown), or clean steam, water cooled
vs. air cooled chillers.
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Some of the areas to consider are provided below:

. Energy sources

. Airflow management — through the use of flow measurement and fan speed control

. Energy efficient ductwork design based on low velocity static regain, requiring minimum
balancing

. Night setback of temperature and or humidity, reduction in airflow if no production

.  Fume hood velocity control and fume hood diversity

. Minimizing the use of local heating/cooling batteries

. Energy recovery systems — air to air or air to fluid to air (e.g. rotary wheels, heat pipes,
run around coils).

« Recovery and use of cooling coil condensate

« Reuse of cooling tower blow down water

. Use of non storage water heater (calorifier)
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