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To improve the energy efficiency of cleanrooms, the Roche Global Engineering
and Oceanside facilities and Engineering team collaborated to implement a risk-
based approach to achieve lower air changes during operation without adversely
impacting the facility, equipment, or reliability, while meeting environmental
requirements.

For almost 20 years, it has been known that the original cleanroom ventilation
rates from the last century are much higher than necessary to achieve the cleanliness
standards set by regulatory agencies. For example, ISO 8 required 20 to 30 air
changes in 2001 when Federal Standard 209E was withdrawn. Now most guidance
for I1SO 8 suggests 10 to 20 air changes per hour (ACH). As such, many of our facilities’
engineering groups started to conduct surveys to benchmark ventilation energy use,
with the goal to improve the energy efficiency of HVAC systems by reducing air
change rates (ACRs).

The Roche Global Engineering team developed an Air Change Rate Reductions
Best Practices Guide in 2019 to guide these pharmaceutical manufacturing site

YT06bl NOBLICUTL 3HEProsPpPeKTUBHOCTb YUMCTbIX NOMELLEHUNI, CNEeLUaNUCTbl
Roche Global Engineering u Oceanside facilities and Engineering coBmectHO
BHEAPUIM PUCK-OPUEHTUPOBAHHDBIN NOAX0A, A06MBLUMCb CHUMKEHUA KPaTHOCTU
BO34yXoo6meHa BO Bpemsa paboTbl 6e3 HeraTMBHOro BAUAIHUA Ha NpeanpusaTUe,
obopypoBaHue, HageXHoCTb, cobnopgas npu  3tom  TpeboBaHuA K
NpPou3BOACTBEHHOI cpeae.

Yke noytn 20 NeT U3BECTHO, YTO MepBOHaYasibHble TPEOOBAHMA K KPATHOCTU
BO34yX006MeHa YNCTbIX MOMELLEHWUI, MPUHATbIE B MPOLLIOM BEKE, HAMHOIO BbIlUE,
Yyem HeobxoaMMO AN OOCTUMEHUA CTaHAAPTOB YWUCTOTbI, YCTAaHOB/IEHHbIX
peryanpylowmmm opraHamu. Hanpumep, B 2001 rogy, Korga 6bln OTMEHEH
depepanbHbIvi ctaHaapt 209E, I1SO 8 Tpebosan 20 - 30 KpaTHbI BO34YXOOOMEH.
Celtyac B 6osbluMHCTBe pyKkoBoacTs no ISO 8 npeanaraetca 10 - 20 KpaTHaa cMeHa
Bosayxa B 4ac (4l). B cBA3M C 3TUM MHXKEHEpPHble rPYNNbl MHOMMX HaLIMX
npeanpuATMA  HavyaauM  NPOBOAUTb  WMCCNEOO0BAaHMA  NO  ONpenefeHuto
3HepronoTpebneHna  BEHTUNAUMOHHbBIX  CUCTEM C  UENblo  MOBbIWEHUA
sHeproaddekTnHoctM cuctem OBMK (HVAC) 3a CYET CHUKEHMS KPaTHOCTM
BO34yX00b6MeHa.

B 2019 romy cneumanuctel Roche Global Engineering paspaboTanu
«PYKOBOACTBO N0 NepeoBbIM MPaKTUKaM CHUMKEHMUA KPaTHOCTU BO34yx006meHa»?



surveys and to challenge and optimize existing installations that use high ventilation
rates with the intent of maintaining particulate levels required for manufacturing
environmental quality.

At the time, ISO 14644-16*> was not yet released. ISO 14644-16:2019,
“Cleanrooms and Associated Controlled Environments — Part 16: Energy Efficiency
in Cleanrooms and Separative Devices,” provides guidance and recommendations for
optimizing energy usage and maintaining energy efficiency in new and existing
cleanrooms, clean zones, and separative devices. It provides guidance for the design,
construction, commissioning, and operation of cleanrooms.

COMPANY HISTORY AND SUSTAINABILITY

At Roche/Genentech, our business is focused on the pharmaceutical and medical
devices that patients need next. Our ambition lies not only in transforming healthcare
through innovative solutions, but also in our contributions to environmental
protection. Since 2004, Roche/Genentech has been implementing carbon dioxide
reduction measures that have led to a 59% absolute reduction in greenhouse gas
(GHG) emissions from our own operations and purchased energy (Scope 1 and 2). In
that same period, our revenue has more than doubled.?

0N NpoBeAeHUa WCCNe0oBaHUM Ha ¢apmMaLeBTUYECKMX MPOM3BOACTBEHHbIX

NAoWaaKkax, a TaKKe [A4Aa MNpPOoBePKM M  ONTUMM3AUMKM  CYLLECTBYHOLLMX
BEHTUAALUMOHHBIX  YCTAaHOBOK, obecneumBaloWmx BbICOKYIO  KpPaTHOCTb
BO34yX006MeHa, C Ue/blo MOAAepsKaHWUA YPOBHA  COAEPXaHMA  JacTuu,

Heobxoanmoro ana obecneyeHuUs KayecTsa NPOU3BOACTBEHHOM Cpeabl.

B To Bpema ctaHaapT ISO 14644-162 ewe He 6bin BbinyweH. CTaHaapT ISO 14644-
16:2019 «Yucrtble nomelLeHMA M CBA3AHHbIE C HUMW KOHTpOAMpyemble cpeabl -
Yacte 16: DHeproadpdeKTMBHOCTb B YUCTbIX MOMELLEHUAX W pPasaennTesbHbIX
YCTPOMCTBAX» COAEPKUT PYKOBOACTBO M PEKOMEHAAUMM NO ONTMMM3ALMU
3HepronoTpebneHna W noadepaHuo 3SHeprodaPpPeKTUBHOCTM B  HOBbIX W
CYLLECTBYIOLWMX UYMCTbIX MOMELLEHMAX, YUUCTbIX 30HAX W  pPas3feNUTesnbHbIX
yCTpoWcTBax. B Hem copeprKatca peKomeHZaumMm no  NPOEKTUPOBAHMIO,
CTPOUTENBCTBY, BBOAY B SKCM/IyaTaLMIO U SKCMIyaTauym YNCTbIX MOMELLEHUN.

MCTOPNA KOMMNAHWU U YCTONYMUBOE PA3BUTUE

B Roche/Genentech Haw 6u3Hec cocpefoToueH Ha NPOM3BOACTBE
bapmauLeBTUYECKMX MPENAPATOB U MEAMLMHCKUX U3LE/NN, KOTOPbIe HYMKHbI
nauyeHTam B b6auKaWwel nepcrnektuBe. Hawa uenb 3aK/AO4aeTCs He TONbKO B
npeobpa3oBaHuK 34PaBOOXPAHEHMUA C MOMOLLbIO MHHOBALIMOHHbIX PELUEHWUIA, HO U
B 3aWUMTe OKpYy»Katoulen cpeabl. C 2004 roga Roche/Genentech peanusyeT mepsbl no
COKpaLLeHMIO BbIBPOCOB YINEKUCIONO ra3a, KOTopble MpuBean K abcostoTHoMy
COKpaLLeHMIO BbIOBPOCOB NapHUKOBbLIX ra3oB Ha 59% oT cobcTBeHHOM AeATeNIbHOCTH
M 3aKynaemol sHeprumn (B obenx obnactax). 3a 3TOT e nepuos Hawa npubbiib
yBennumnach 6onee yem sagoe’.



Figure 1: Electricity consumption at Genentech California sites.
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Energy conservation has been a top priority in our GHG emissions reduction
strategy. One of the most energy-intensive areas in our pharmaceutical
manufacturing sites are cleanrooms, which makes them a great candidate for energy
optimization. Cleanroom energy benchmarking studies, in general, show that HVAC
energy use in the cleanrooms accounts for 36%—67% of the total facility energy
consumption.* Although the relative percentages vary due to the energy intensity of
the process systems, cleanroom classifications, and the climate, HVAC systems are
the dominant contributor to the energy intensity in pharmaceutical manufacturing
sites (see Figure 1).

Figure 2: Flow chart of phases as presented in Air Change Rate Reductions Best
Practices Guide.
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dHeprocbeperkeHne CTano OAHUM U3 T1aBHbIX MPUOPUTETOB HALLEWn cTpaTernu
COKpaLleHMA BbIOPOCOB NapHMKOBLIX razos. O4HOM M3 Hanbonee sHeprosaTpaTHbIX
30H Ha Hawwux GapMaLeBTUUYECKUX NPeanpUATUAX ABNAIOTCA YMCTbIe NOMELLEHUSA,
YTO AenaeT UX OTINYHbIM KaHOMAATOM ANA ONTUMM3aUMK SHepronoTpebaeHus.
CpaBHUTE/IbHbIE UCCIEA0BAHUA SHEPrONOTPEOAEHMA YNCTBIX MOMELLLEHMN B LLEIOM
MoKasblBaloT, YTo noTtpebneHne sHeprmn B cuctemax OBuK (HVAC) umcTbix
nomeLLeHmnit coctasnaeT 36 - 67% ot obuero sHepronoTpebieHna npeanpuatma’,

XOTA OTHOCUTE/IbHbIE NPOLEHTHbIE NOKa3aTen BapbUPYOTCA B 3aBUCMMOCTU OT
3HEepPro3aTpPaTHOCTU TEXHOIOTMYECKUX CUCTEM, KNacCUUKaLMM YNCTbIX MOMELLEHUI
M KAMmaTuyeckux ycnosuid, cuctembl OBuK (HVAC) BHOCAT OCHOBHOW BKAag, B
sHepronoTtpebneHne papmaLeBTUYECKMX MPOU3BOACTB (CM. puc. 1).

PucyHok 2. bnoKk-cxema 3tanos, npeactaBneHHasa B PyKoBoAacTee No Ayywnm
NPaKTMKaMm Mo CHUKEHUIO KPAaTHOCTU BO3AYyX006MmeHa
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sustainability and Exclude low

business acceptance NPV spaces from scope
criteria?

Documentation,
Phase 4: Implementation
Address Findings
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ran 1: AHanu3 pUCKOE M OLEHKa
YCTOMYMBOCTH KNaccuuLMpoBaHHON
NPOM3BOACTBEHHON CPEabl

31an 2: OueHka noTeHuMansHon
BO3MOKHOCTH peanu3alun npoekTa

Tpebytot Nk coobpamerus
3IKOHOMWK KU BHEOAPEHMA
NPOAOMKEHWA peanu3auuu?

3tan 3: NoHuMaHue IhPeKTUEHOCTH
pabotkl 0B6bekTa, BKNOYasn
HH)KEHeprIE WCCNenoBaHHA

CooteercreyeT nu 4NC
KPUTEPUSM YCTORYMBOCTH
W NPUEMAMMOCTH
Aann GusHeca?

37an 5: OBecneyeHWe COOTBETCTBMA:
KBanudukaumsa
W nocneaylollee ynpasneque

OnpeneneHune LENeBbix 3HAYEHUH
KpaTHOCTM BO3AyxoobMeHa
1 pacyeT npubrUIMTeNsHOK
AKOHOMKWKM

3aKpLiTHE NPOTrPaMMbl

MNpoeepka u/unu 0GHOBNEHWE
NPeanoMeHHbIX 3HaYEHWH
KpaTHocTe# Bo3pyxoobmeHa 1 YNC

MciknioueHue 13 nporpammbl
noMeLLeHHs € HU3Kor YNC

[NokyMeHTUPOBaHKe, BHEPEeHHe

[Lokymextauus 10,00 u EMPQ




Key:

ACR: Air Change Rate

EMPQ: Environmental Monitoring Performance Qualification
1Q: Installation Qualification

NPV: Net Present Value

0Q: Operational Qualifications

MANUFACTURING SITE SURVEY

The phased approach in the survey requires both an understanding of the
requirements and a sequence of progressively more detailed engineering studies to
achieve energy-saving potential with minimal wasted effort. The phases of project
execution elaborated in Figure 2 are as follows:

Phase 1: Assess risk and challenge environmental classifications

Phase 2: Evaluate the opportunity, including numerical evaluation and screening study
Phase 3: Understand facility performance

Phase 4: Address findings and implement

Phase 5: Assure consistency with qualification and ongoing management

As shown in Figure 2, implementing ACRs can affect the manufacturing process
environment. In most cases, changes that affect manufacturing are done when
manufacturing is shut down to minimize the risk to the product. However, when the
US Food and Drug Administration (FDA) introduced “Pharmaceutical cGMPs for the
21st Century - A Risk-Based Approach”’ in September 2004, the paradigm shifted and
these questions were asked: What is the probability that changing the airflow in a
given clean area will affect the process or product in that area? What would be the
impact to the process or product in that area if the airflow was changing? This new
thinking about the risk of change implementation during production eliminates the
need for a shutdown. Now the implementation can focus on risk controls.

CoKpaleHums:

EMPQ: Environmental Monitoring Performance Qualification
3pPEeKTUBHOCTM MOHUTOPUHTIA NPOM3BOACTBEHHOM Cpeabl

1Q: Installation Qualification — KBanndpuUKauna MoHTaxKa

YMC - uncraa npueeneHHaA CTOMMOCTb

0Q: Operational Qualification — kBanndpukaumsa GyHKLMOHNPOBAHUA

KBanudukaumns

OLLEHKA NPOU3BOACTBEHHOW N/IOLLAAKU

MosTanHbll noaxod K OueHKe TpebyeT Kak NOHMMaHUA o06A3aTeNbHbIX
TpeboBaHMiA, Tak M pas3paboTaHHOM nocneLoBaTe/IbHOCTM 6onee AeTasbHbIX
WHMKEHEPHbIX  WCCNEAOBAaHMI,  MO3BOAAIOWMX  PeannsoBaTb  NoOTeHuUman
sHeprocbeperkeHUss ¢ MUHUMANbHBIMM 3aTPaTamMM YCUAMIA. ITanbl BbINOAHEHUS
NPOEKTa, NPeACTaBNEHHbIE HA PUC. 2, BLITIAAAT Cieaytowmm obpasom:

Sman 1: AHGAU3 puckos U
npousgodcmeeHHol cpedbl

3man 2: OuyeHKka 603MoxHocmeli npoekma,
CKPUHUH2080€ UccedosaHue

Aman 3: lMNoHumaHue agppekmusHocmu pabomsi 06vekma

Aman 4: O6pabomkKa noayYeHHbIX pe3yabmamos U ux 8HeOpeHuUe

Aman 5: ObecnevyeHue coomeemcmaeus K8aau@puKayuu u onepamusHoe ynpassneHue

OUeHKa ycmoliyueocmu KaaccuguyuposaHHol

8K/K04YaA YUCAEHHYIO OUEeHKYy U

Kak mokasaHo Ha puc. 2, AeNCTBMA MO BHELPEHUID M3MEHEHWI KPaTHOCTU
BO34yXx006MeHa MOryT MOB/AMATb Ha NPOW3BOACTBEHHYIO cpeay. B 60/blIMHCTBE
C/ly4aeB U3MeHEHMUSA, CNOCObHble OKa3aTb BANAHUE Ha NPON3BOACTBEHHbIN NpoLLece,
OCYLLECTB/IAIOTCA MOC/IEe OCTAaHOBKM MPOU3BOACTBA, YTOObI CBECTU K MUHUMYMY
pUCKK ana npoaykta. OgHako, Korga B ceHTabpe 2004 r. YnpaBaeHne no KOHTPOIo
KayecTBa NULLEBbIX NPOAYKTOB U fiekapcTeeHHbIx cpeacts CLUA (FDA) npeactasmno
DOKYyMeHT «®Papmauestnyeckas cGMP B 21 BeKe: PUCK-OPUEHTUPOBAHHbIN
noaxoA»®, napagmMrma UsmeHunach, 1 6bian 3agaHbl CieayroLlme Bonpochl:

— KakoBa BepOATHOCTb TOFO, YTO M3MEHEHWE BO3AYLUHOFO NOTOKA B AaHHOM
YUCTOM 30HE NOBAMAET HA NPOLECC UM NPOAYKT B 3TOM 30He?

— KakoBo 6yaeT Bo3gelicTBMe Ha MPOLLECC MAM MPOAYKT B 3TOW 30He, ec/u

pacxog, Bo3ayxa U3MEeHUTCA?

3To HoBOE MpeACTaBNEHWE O PUCKE BHeAPEHUA W3MEHEeHMI B npouecce
NpPOM3BOACTBA YCTpaHAET HEOBX0AMMOCTb OCTAHOBKM NMPOU3BOACTBA. Tenepb npu
BHEAPEHUN N3MEHEHUI MOXKHO COCPEAOTOYUTHLCA Ha KOHTPOJIE PUCKOB.



Figure 3: Oceanside campus.

Site Location

At Roche/Genentech, addressing these questions started in the Genentech
facility in Oceanside, California. This facility was chosen because site processing is
sealed or can be held in a sealed state for enough time to implement the change in
airflow. The goal of this paper is to share that success story of implementing ACR
reduction at the Oceanside facility while the cleanrooms were in operation.

Located 35 miles north of San Diego, the Oceanside campus is a multiproduct
Chinese hamster ovary (CHO) drug substance manufacturing site with parallel
commercial production and launch capabilities that spans 60 acres, with seven
buildings and ~575,000 square feet. The facility has 90,000 liters of capacity and is
licensed to produce several biological drug substances (see Figure 3). It has 3.5 MW
of solar photovoltaic as a combination of ground-mount, car-port, and rooftop
panels, with a 1 MW, 2 MWh on-site battery energy storage system (installed in
2016), and a 2.5 MW fuel cell (installed in 2019).

PacnonoykeHue o6bekTa

B komnaHuum Roche/Genentech pelweHve 3TMX BOMNPOCOB Hayanocb Ha
npeanpuatum Genentech B OyweHcaiige, wrtat KanndopHus. ITo npegnpusatme
6b1/10 BbIGPAHO NOTOMY, YTO NPOLECC NPON3BOACTBA HA HEM AB/IAETCA FTEPMETUYHBIM
MbBo NpoayKT MOXeT OblTb BblaepKaH B repMETUYHOM COCTOAHWUW B TeyeHue
BPEMEHM, AOCTAaTOMHOIO A1 BHEAPEHUA U3MEHEHMI B BO34YLLHOM MoTokKe. Llenb
[AHHOM CTaTbM — PAccKasaTb 06 ycnewHoOM onbITe BHEAPEHMA CUCTEMbI CHUMKEHUA
KpaTHOCTM BO3ayxoobmeHa Ha npeanpuatMn B OylieHcallge B npouecce
3KCMNAYyaTaLMM YNCTbIX MOMELLLEHNA.

PacnonosxeHHbin B8 35 munax (56 km) Kk cesepy ot CaH-Ouero kamnyc B
OyweHcange npeacTtaBasaeT cobolt  mHoronpodunbHoe npegnpuaTve  nNo
NPOM3BOACTBY JIEKAPCTBEHHbIX CYOCTaHUMI M3 KAETOK AWYHMKOB KWUTAMUCKOro
xomayka (CHO) ¢ napannefnbHbIM  KOMMEPYECKMM  MPOU3BOACTBOM W
BO3MOMHOCTAMM paclMpeHua, 3aHumalolee nnowagb 60 akpos (24,3 eaq),
cocTosLlee U3 cemu 3gaHnin obLein naowaabio okono 575 000 k. ¢yTos (53,5 meic.
m?). TIpon3BOACTBEHHAA MOLLHOCTL NpeanpuaTna coctasnaet 90 Tbic. AnTpos/roa,
UMeeTCA IMLEH3NA Ha NPOMU3BOACTBO HECKOIbKMX BMONOTMYECKUX NEKAPCTBEHHbIX
cybcTaHumi (cm. puc. 3). Ha 06beKTe yCTaHOBNEHbI CONHEYHbIE NaHeIM MOLHOCTbIO
3,5 MBT, npeacrasnatowme coboi KOMOMHALMIO U3 HA3EMHbIX, KPOBEJIbHbIX U

"MpumeuaHue: 30ece u danee no mexkcmy 8 cKOBKAxX Kypcusom npueedéx nepesod 3HayeHul us EpumaHcKoli U GMepUKAHCKOU cucmemsl usMepeHull 8 Mempuyeckyro cucmemy Mep.



Table 1: Air change reduction screening analysis.

Table 1: Air change reduction screening analysis.

Overall Results — cGMP Airflow Reduction

Number Room Room ) Baseline Reduced Air flow Energy
Space Baseline Reduced | = Cost
of Area Volume Air flow Air flow  Savings )
Type AC/Hr AC/MHr Savings
Rooms  (ft?) (ft) (CFM) (CFM) (CFM)
($yr)
BZ2 13 3o 54,681 373 38824 324 33,833 4,991 $22,000
BZ 2A 8 648 5,832 391 3677 36.3 3475 202 $1,000
BZ 31 70 38917 618,790 289 2910 16.6 169169 71941 $312,000
BZ31A 43 4,200 39,927 285 17,079 23.0 15103 1976 $9,000
BZ 41 33 21413 206,353 26.0 83324 123 44,457 38,867 $169,000
BZ41A 5 558 5,258 253 2,360 15.4 1,340 1,020 $4,000
cGMP
Total: 172 69,647 930,841 249 386,374 172 267,377 118,997 $516,000
w/ 20% |
Other* 92 213589 4294647 3.2 232,012 i 95,198 | $413,000
Contingency: |
Bullding 64 283235 618,386
Total:

*Primarily unclassified spaces

A consulting company conducted studies that showed potential for reduction of
over 297,000 therms of natural gas and over 2,439,000 kWh of electricity, which
would result in more than 2,400 metric tons of CO; reduction per year. This is over
10% of site energy consumption and GHG emissions, with more than $400,000
savings per year. The calculation was based on 2018 utilities rates, shown in Table 1,
assuming annual cost of energy for each cubic foot per minute (cfm) at $4.33. This
presented a great opportunity to pilot ACR reduction during operation for the entire
network.

MapKMHIOBbIX NaHeneh. CucTema XpaHeHUs 3SHepruu peannsoBaHa Ha bHase
AKKYMYNATOPHbIX baTapei molHocTbio 1 MBT 1 2 MBTey (ycTaHoBneHa B 2016
rogy), a Takxe Ha Ton/anBHOM baTapee mouHocTblo 2,5 MBT (yctaHosneHa B8 2019
roay).

Tabnauua 1. CKPUHWHIOBbIM aHaNU3 Pe3y/NbTaTOB CHUMXKEHUA KPaTHOCTU
BO34yX006MmeHa

CKPHHUHI Pe3yNLTaTOR CHIXEHWA KPaTHOCTH BO3ayxooGmeHa B nomeweHusax cGMP

Twn Konwyectno  Mnowag Ofnom Hexogman Hexoanui C Ci k2 3
pacxon KPATHOCT  PACKOA BOAYXA,  pacxopa JaTpar wa
£ (m) (")  soagyxoobmewa,  moagyxa, soinyxoobuena,  CFM (u'l) ANKTPOINEPIHIO,
v CFM (') ' CFM (') $iron
3011 54 681 38824 33833 401
b o (363) (1548) 33 (85.962) wh (57 483) (8.480) e
88 5832 1877 3475 202
BZ2A 8 0} (168) 91 (8241) %3 (5.904) (343) 1000
8917 818790 24111 169 169 71941
Bz31 70 aete) (2] 289 (40.965) 166 (287 420) (122229) 312000
4200 39 927 17078 15103 1976
BZ31A L 1390) (1131) 5 {20.017) 20 (25660) (3.387) 00
21413 206 353 83324 44457 38 867
Bz41 kX i s 260 (141 568) 123 (75533) (86.03%) 169 000
558 5258 2380 134 1020
ALy : (52) (149) o (4010) 184 (228) (1733) oy
Hroro
L 69 647 930 841 386 374 267377 118997
g2 6470)  (26358) i (656 454) 2 (454 276) (202177) AR
K cGMP:
. 213580 4294847 232012 :
et T Qoo | | s |
Hroro no 28 2831235 618 388
aaHKI0: (26 313) {1050 644)

*MpenmyLLeCTBEHHO HeKacCMULMPOBaHHbIE MOMeLLEeHUA

KoHcanTMHroBaa KomnaHuMA MpoOBena WCCAefO0BaHUA, KOTOpble MNOKasanu
BO3MOXHOCTb CHUXEHMA noTpebneHns npupoaHoro rasa 6onee yem Ha 297 000
Tepm (830 000 m*) n anekTpoaHeprnm 6onee yem Ha 2 439 000 KBTeuy, yTo NpuseaeT
K COKpauweHuto BbibpocoB CO, 6osiee yem Ha 2 400 TOHH B rog. 3To cocTaBaseT
6onee 10% oT aHepronoTpebneHnsa 1 BbIDPOCOB NMapHMKOBBIX FAa30B Ha 06bEKTe, a
3KoHoMMA cocTasuT 6onee 400 000 S B roA. PacyeT nNpousBOAM/ICA Ha OCHOBE
TapundpoB Ha KOMMYHasnbHble ycayrn B 2018 roay, npuBeAeHHbIX B Taba. 1, ¢ yueTtom
rogoBoi ctonmocTtv aHeprum 4,33 S 3a Kaxapii Ky6. dyT (2,55 S 3a Kamdbiii m>/4).
3TO [ano  MpPeKpacHyld BO3MOMXHOCTb OMNpoboBaTb CHUMKEHWE KPaTHOCTU
BO3yX00OMeHa BCcel 3HeprocncTeMbl B MPOLLECCE SKCMyaTaLum.



Stakeholders and Management

The next step was developing a participation matrix to identify stakeholders and
their involvement throughout the project life cycle. Qualification support and
internal quality control and validation buy-in were a crucial part for the
implementation. The final push was when the site’s general manager and head of
quality came to the team meeting to endorse the parallel implementation of the
change during production.

This show of support from upper site management was both a unifying and
liberating factor for several team members who were hesitant to believe we would
perform a change and then “run at risk” during a short revalidation period. By
removing the age-old constraints for quality, validation, manufacturing, and
engineering, the team was able to truly get into the details of the risks and the risk
controls we could use.

Implementation

The overall policy for risk-based activity has been stated in global standards for
over 10 years. The questions of risk tolerance are really, “How much risk are we
willing to take?” And in scenarios of higher risk, “Are we to lean toward being risk
averse or are we willing to let the data determine true success or failure?” Parallel
implementation was chosen due to the following reasons:
* No mechanical modifications were performed on the air handling unit (AHU) to
provide reversibility.
* ACRs were not modified in the production areas until the validation of the BZ 4.1
(biozone) nonproduction areas was successfully executed.
* For production areas with open operations, air balancing was not performed during
the open operations.
* The successful qualification of the expansion production areas
provided additional assurance that operating under reduced ACRs provides a
controlled environment that meets Roche/Genentech requirements.

The implementation scope was strictly limited to air balancing. The only way to
put the air balance “back the way it was” was to spend the extra time up front,

YYacTHUKM NPOEKTa U PYKOBOACTBO

Cnegylowmm warom cTana pa3paboTka MmaTpuubl B3aumMoaencTsua ans
onpeaefieHNs y4aCTHUKOB MPOEKTa M UX BOBJIEYEHHOCTM HA MPOTAXKEHUWN BCErO
YKM3HEHHOTO LMKNA MPOEKTa. BasHeMWuMM COCTaBAAOWMMY BHEAPEHWUA CTanu
COMPOBOXAEHUE NPU  KBaNMOUKALMM, BHYTPEHHUIM KOHTPOAb KayecTBa U
BannpaumaA. locnegHMM TONYKOM CTafio TO, YTO TreHepasbHbld  AUPEKTOp
npeanpuATUA U PYKOBOAMTE b CYKDObl Ka4ecTBa NPULLAN Ha COBELLAHNE KOMaHAb,
4yT0bbI 006 PUTL NapaNNeNbHOE BHEAPEHNE U3MEHEHUIA B MPOU3BOACTBO.

3Ta AeMmMOHCTpaumAa MOAAEP)KKM CO  CTOPOHblI  BbICLIETO  PYKOBOACTBA
npeanpuaTuMs  CTana OOHOBPEMEHHO OOBbEAMHAWMM U CTUMYINPYIOLWUM
baKTopoM A1 HECKOJIbKMX Y/IEHOB KOMaHZAbl, KOTOpPble OMacajincb, YTO Mbl
BHEAPUM W3MEHEHWE, a 3aTeM «MOABEPrHEMCS PUCKY» B TeYEHME KOPOTKOro
nepuoga MOBTOPHOM BanUZauMu. YCTpaHMB YyCTapeBlIME OFpaHUYeHUs B
OTHOLWEHMM KayecTBa, Ba/MAauuM, MPOU3BOACTBA M WHXUHUPWHIA, KOMaHAa
CMOT/1a NO-HACTOALLEMY BHUKHYTb B A€Ta/IN PUCKOB U CPEACTBA YNPABIEHUA MU,
KOTOpble Mbl MOF/IN Bbl MCNONBL30BaATb.

BHeppeHue

O6waa nNoANTUKa AeATeNbHOCTM, OCHOBAHHOM Ha pUCKe, Oblla M3N0XKeHa B
rnobanbHbIX cTaHgapTax 6osee 10 neT Hasag,. Bonpocbl TONEPAHTHOCTU K PUCKY Ha
CaMOM fenie TakoBbl: «HaCKOIbKO CUIbHO Mbl FTOTOBbI PUCKOBATL?» A B CLLeHapuAX
¢ 601e€e BbICOKMM PUCKOM: «JJO/IKHbI N Mbl CKNOHATLCA K TOMY, YTObObI OTBEPraTh
PUCK, WA Mbl HAMEpPEHbl NO3BO/IUTb AAHHbIM OMNPEeAEeNATb UCTUHHbBIA YCMEeX Uau
Heygady?» MapannenbHaa peanunsauma 6biia BbiIbpaHa No creayroLMmM NPUYNMHAM:
* HUKaKMX mexaHuyecknx moamduKauuii NPUTOYHO-BLITAXKHOM ycTaHOBKM (AHU)
nna obecneyeHma o6paTUMOCTM He NPOU3BOAUIOCD.
» KpaTHOCTb BO34yX00OMEHa He U3MEHS/IMCb B MPOM3BOACTBEHHbIX NMOMELLEHUAX
[0 Tex Nnop, Noka He bblaa ycnewHo BbINOJHEHA BaANAALNA HEMPOM3BOACTBEHHbIX
30H BZ 4.1 (6uno3oH).
* Ha npour3BOACTBEHHbIX M/IOWAAAX C OTKPbITbIMU onepaumamu 6anaHcMpoBKa
BO3/yXa BO BPeMA OTKPbITbIX onepaLmii He NPOBOAMNAC.
* YcnewHaa KBanuduKauMA pPaclIMPEHHbIX MPOU3BOACTBEHHbIX NJoWaaen
obecrneuymna [ONONHUTENbHYIO YBEPEHHOCTb B TOM, 4TO paboTa B YyCA0BUAX
CHUXXEHHOM KpPaTHOCTM BO34yxo0bmeHa obecneumBaeT KOHTPOAMPYEMYIO Cpeay,
cooTseTcTBytoLLYyt0 TpebosaHuam Roche/Genentech.

O6bem BHegpeHWa Obin  CTPOro OrpaHUYyeH 6GanaHCMPOBKOW BO3A4yXa.
EAMHCTBEHHDBIM CcNocob BepHYTb BO3AYLIHbIA 6anaHC «TaKMM, KaKUM OH bObln» -



documenting the precise air balance the system had the minute before changes were
made. We spent the time to fully survey the airflow at every supply and return grille
individually and recorded it by device number. All the air handlers’ main ducts for
inlet, outlet, makeup, and exhaust were traversed to meet this requirement and to
achieve reversibility. This was very useful for pressure balancing because the amount
of makeup air remains virtually constant when the recirculation rate decreases.
Therefore, the pre-reads with no “physical” modifications provide for complete
reversibility.

The second restriction was to perform the changes for the first five of the 15
systems on those where no production activities even occur. These first five systems
served a personnel stairwell from the first floor locker rooms to the second and third
floors, first floor corridors, second floor corridors, third floor corridors, and
equipment staging and storage areas outside the production rooms. This limits the
risk because there is no process or product to be at risk. The other benefit of selecting
these first five systems to preread, reduce the air balance, and then revalidate first
was to build confidence and experience. This was a gate review for showing the
project was ready for “prime time” in the production areas.

Each of the 15 cleanroom air systems were a “mini-project” within the overall
project. Each required a pre-read air balance, implementation of the new reduced air
balance , post-implementation readings for validation of the new configuration, daily
sampling for nonviable particulates (NVP), daily sampling for viable air particulates,
daily sampling for surface contamination for the revalidation period assessed, and
data review by quality control, validation, and quality engineering departments to
create final deviation reports for validation and quality engineering approvals, which
leads to the next restriction.

NnoTpaTUTb AOMOJHUTE/IbHOE BPEMS 3apaHee, LOKYMEHTUPYSA TOUYHbIM BO3AYLWHbIN
6anaHc, KOTopbI Obln B cUCTEME 338 MWHYTY A0 BHECEHWAs U3MeHeHW. Mbl
noTpaTUAM BPEMA Ha TO, YTODObl MOJIHOCTbIO M3y4yWUTb MOTOK BO3AyXa Ha KaxKaou
NPUTOYHOM WM BO3BPATHOM pelleTKax B OTAENbHOCTM W 3aPUKCMPOBATL €ro no
HOMepY YCTpOolicTBa. Bce OCHOBHbIE BO34YX0BOAbl YCTAHOBOK NOArOTOBKW BO34YyXa
AN nofauv, BbIOpOCA, MNOANMWUTKM WM BbITAXKKM OblAM  McCnefoBaHbl, 4TOObI
COOTBETCTBOBATb 3TOMY TPebOBaHWUIO U J06UTbCA 06pPaTUMOCTU. ITO BbIIO OYEHDb
nonesHo ons 6anaHCMPOBKU OaBNeHus, NMOCKOJIbKY KOIMYEeCTBO
KOMMEHCALMOHHOIo BO34yXa (NOAMUTKKM) OCTAaeTCA NPAKTUYECKU MOCTOAHHbIM NpKU
CHUXEHUM TMOKasaTena peuupkynsaumn. Takum obpasom, npenBapuTesbHas
peructpaums 6e3 Kakux-mbo «pusnueckmx» M3MeHeHUi obecneunBsatoT NOJIHYHO
obpaTtMmocTb.

BTopoe orpaHuyeHne CoCToAN0 B TOM, YTOBbI BHECTU U3MEHEHUA AR NEPBbIX
naTu M3 15 cuctem, rae HUKOr4a He NMPOUCXOAUT KaKUX-TMB0 MpoM3BOACTBEHHbIX
onepauuii. ITM nepsble MNATb CUCTEM OOCNYXKMBANM NECTHUYHYIO KNETKY ANA
nepcoHana, BeAyLLyto U3 pPa3feBasiok NEPBOro 3TaXKa Ha BTOPOMN U TPETUI 3TaXKMK,
KOPUAOPbI NEPBOro 3TaXKa, KOPUA0PbI BTOPOro 3TaXKa, KOPUAOPbl TPETLErO 3TaXKa, a
TaKKe 30Hbl pasMelLeHMAs W XpaHeHus o0bopyaoBaHMA 3a MNpeaenamu
NPOW3BOACTBEHHbIX MOMELLEHWIN. ITO OrPaHUUMBAET PUCK, NOCKOJ/IbKY HET NpoLuecca
WK NPOAYKTa, KOTOpPbIe NoABepraanck 6bl pUcKy. pyrMm npemmyLLeCTBOM Bbibopa
3TUX MepPBbIX MNATU CUCTEM ANA NpPeaBapuUTe/IbHOW MNPOBEPKU, YMEHbLUEHUS
BO34yLWHOro 6anaHca, a 3aTemM MOBTOPHOI NPOBEPKU B NepByto ovepesb ObINO
YyKpenneHue JoBepua W onbiTa. IJTo 6bl1  npegBapuTenbHbii  0630p,
MOKa3blBalOWMIA, YTO MPOEKT roTOB K «Mpalm-Taim» B MPOU3BOACTBEHHbIX
NoMeLLEeHUSAX.

Kaxkpaan m3 15 cuctem KOHANLMOHMPOBAHUA YNCTbIX NOMELLEHMM Bblia «MUHU-
NPOEKTOM» B paMKax obuwero npoeKkta. Kaxabli U3 HUX Tpebosan
npeABapuUTeNbHOM  perMcTpauumn  Bo3gylHOro 6anaHca, CO34aHUMA  HOBOrO
YMEHbLUEHHOro Bo3AyLwHoro 6anaHca, perMcTpaumm noKkasaHuii Nocne BHeAPEHUA
0N BaAngauMmM  HOBOM KOHOUrypauuu, exedHeBHoro oTtbopa npob Ha
HeusHecrnocobHble uactuubl  (NVP)i,  exegHesHoro oTtbopa npob Ha
YKM3HECNoCobHble TBepAble YacTULbl B BO34yxe, exeAHeBHoro otbopa npob Ha
KOHTaMMHaLUMIO MOBEPXHOCTEN B TEYEHWE OLLEHEHHOro nepuvoga pesBaavaauuu, a
TAK)Ke aHa/M3a [aHHbIX OTAe/laMM KOHTPO/AA KayecTBa WM Baaugauuu; a ana
WHXXEHEPHO-TEXHUYECKMX MOAPA3AENEHUN YNpPaBAeHUsA KayecTBoM TpeboBanocb
€034aTb OUHaNbHble OTYETbI OO OTKNOHEHMAX AN YTBEPMKAEHMA C MNO3MLMK

ii MpumeyaHue: 8 HacmoAweli cmamee asmopamu 6bin ucnonsL3o0eaH mepmuH NVP, Komopbili d0CI06HO NepesoduMCaA KaK «Hexcu3HecnocobHble yacmuusl». [pu 3mom 6 delicmeayoweli
pedakruuu Annex 1 GMP EU emecmo yKka3aHHO20 mepMUuHa ucnosb3yemcsa «total particle concentration», m.e. 06was KOHYUEHMPAYUA Yyacmuuy,



Only one of the 15 systems was allowed to be “in process” at any given time. This
was beneficial to the overall project in two ways: focus on the team and enabling the
team to be smaller. Nothing is more distracting than unfinished or open issues while
you are working on something else. Each system got the full attention of the team
from start to finish. The team was a consistent set of subject matter experts. Whether
for writing the protocols for validation or taking the samples, the same small set of
people were involved, which contributed to consistent results. At this point the team
has five systems completed, with validation approved, that were returned to service
under their belt. They were ready for prime time.

The next restrictions were focused on even more protections for production
areas. It started with scheduling of open process activities. For the duration of pre-
reads and the implementation of the reduced air balance, that area could not
perform any open processing. Once the final validation air balance readings were
completed, open operations were allowed “at risk” until the full validation process
was completed. Note that sampling is not normally performed during an open
process, even for a validated space.

The next change is in added testing because of open operations. For production
areas where open activities are performed, a “recovery test” was completed at each
location where an open activity occurs during processing. This was done by bringing
in specially trained cleanroom certification personnel and allowing them to use a
particle generator at each location. The generator was used to spike particles of 0.5
micron just above the ISO 8 limit for the area, then the generator was shut down
while an NVP sampling machine recorded the reduction in NVP every 30 seconds until
the airborne level reached 10% of the ISO limit, or 1 log reduction. For the test to
pass, the area must recover from over 100% to under 10% in a specified time.

In the end, all the restrictions reduced the risk of each and every segment. As
we have discussed, some areas are inherently riskier. Because we needed to
formalize this in a GMP change process, we needed a cross-functional team to

Ba/MAaLMM U CO CTOPOHbI MHXEHEPHO-TEXHUYECKMX Noapa3aenieHuin ynpaBieHus
KayeCTBOM, YTO NPUBOAMT K CeAytoLwemy OrpaHUYEHNIo.

TonbKo ogHol u3 15 cuctem 6bII0 paspelleHo Haxo4MTbCA «B Mpouecce» B
Ntobol MOMEHT BpemeHU. 3TO 6blI0 BbIFOAHO /18 MPOEKTA B LLEJIOM MO ZBYM
NPUYNHAM: COCPELOTOUUTL BHUMAHME Ha KOMaHZe ¥ N03BOJIMTb el BbiTb MeHbLLE.
HuuTo TaK He OTB/IEKaeT, KaKk He3aBepLUEeHHbIe UK OTKPbITble Npobaembl, NOKa Bbl
pabotaeTe Hag yem-To Apyrum. Kaxkpgaa cuctema npusiekana Bce BHUMaHWe
KOMaHZbl OT Hauyana A0 KoHua. KomaHza npeacTtasnsna coboi eavHbli Habop
aKCnepToB B cBoeW o0bnactu. HesaBMCMMO OT TOro, MMCanAW M NPOTOKO/bI ANA
BaM4auMm uam otbmupanm npobol, Oblna 3a4eMCTBOBaHA O4HA U Ta Ke Hebosblias
rpynna togewn, Yto cnocobCTBOBA/IO MNOJTYYEHUIO CTabUbHBIX pe3ybTaToB. K aTomy
MOMEHTY Y KOMaHZbl eCTb NATb 3aBEPLUEHHbIX CUCTEM C 0A406peHHON BanngaLumen,
KOTOpble OblM BO3BPALLLEHbI B 3KCNIyaTaumio. OHW 6blan FOTOBbI K MPakim-Talm.

Cnegylolwime orpaHuyeHus OblIM HanpasieHbl Ha elle 60/bly 3aluUTy
NPOWM3BOACTBEHHbIX 30H. Bce Hayanocb ¢ NnaHMPOBaHUA onepauni ANA OTKPLITbIX
npoueccos. Ha Bpema nposeaeHUA npegsapuTesibHoro cbopa gaHHbIX U BBEAEHUA
NMOHWXEHHOTO BO3AYLWHOro 6anaHca B 3TOW 30HE Heb3A Bbl/I0 BbIMOHATL KaKOM-
nMbo  OTKpbIThIM  npouecc. [locne 3aBeplieHUs OKOHYATENIbHOM NPOBEPKMU
NoKasaHui Bo3aywHoro 6anaHca OTKpbITble onepauun Oblinv paspelleHbl «C
PYCKOM» 10 3aBepLUEHMA NMOJHOTO Baanaauumn npowecca. Obpatute BHUMaHWE, 4TO
oT60op Npob 06LIYHO He BbINOJIHAETCA BO BPEeMA OTKPLITOro npouecca, Aaxe 4ns
Ba/IMANPOBAHHOrO NPOCTPAHCTBA.

Cnegylolwee uW3MeHeHMe Kacaetca [00aBNeHHOrO  TeCcTUPOBAHMA  M3-3a
OTKpPbITbIX onepauunit. [Jna Npou3BOACTBEHHbIX 30H, TA4e BbIMOJHAOTCA OTKPbITbIE
onepauuu, «TecT BOCCTaHOB/IEHUAY 6bIn BbINO/HEH B KarKaom
MeCTOpPacnoNOXeHU, TAe BO Bpema npouecca NpoMcxoauT OTKpbITaa onepaums.
370 6blL1O cAeNaHO MyTem MPUBEYEHUS CMELMaNbHO 0ByY4eHHOro nepcoHana no
cepTMOMKALMN  YUCTbIX MNOMELLEHUA U NPefoCTaBleHUMA UM BO3MOMKHOCTMU
MCNONMb30BaTb reHepaTop YacTuL, B KaXXAOM  nomelleHun. [eHepaTop
MCMNo/Ib30BaCcA A4 reHepaunm Yactml, pasmepom 0,5 MMKPOH YyTb Bbille npeaena
ISO 8 gna AaHHOW 30HbI, 3aTEM reHepaTop BbIKAOYANCA, B TO BPEMSA KaK CYETUMK
YacTUL, PErncTPMPOBaAn CHUMKEHUE HEXM3HECNOCOOHbIX YacTuL, Kaxkable 30 cekyHa,
noKa yposeHb B BOo3ayxe He goctur 10% ot npeagena I1SO, nan cHuxeHua Ha 1
norapudm. Ytobbl TECT NpoLLen ycnewHo, 30Ha A0/IXKHa BOCCTaHOBUTbCA ¢ bonee
yem 100% no meHee yem 10% 3a ykasaHHOe Bpems.

B KOHLLe KOHLOB, BCE OrpaHMYeHMA CHU3UAN PUCK ONA KaXKA0ro cermeHTa. Kak
Mbl yXe obcyXaann, HeKoTopble 30HblI MO CBOEW CYTU HecyT BOJibluMe PUCKW.
MocKoNbKY Ham Hy*KHO BblL10 GOpPMann30BaThb 3TO B pamKax nNpoLecca ynpasieHna



develop a qualification project plan (QPP) to detail the HVAC equipment
(commissioning/operational qualification), environmental monitoring performance
qualification strategy, and requirements for existing systems impacted by the HVAC
ACR reduction. The team broke the project down into the 15 systems based on areas
served by an AHU. The impacted AHUs and areas had individual ACRs as subprojects
and thus limited the active scope, and concurrent risk for all aspects, to a single
system at any given time.

RISK ASSESSMENT

A quality risk management report (QRMR) was developed to determine the
number of days to perform modified environmental monitoring performance
qualification (EMPQ). Under the associated quality risk management plan, the
potential risks posed by the ACR on the facility, processing, and/or product were
examined and assessed.

The risk assessment process included:

» Data gathering (e.g., room number, HVAC classification diagrams)

* Risk assessment questionnaire to calculate risk score (standard

risk matrix)

= Risk matrix for number of days to perform modified EMPQ

» Summarization of risk scoring data

nsmeHeHnamn no GMP, Ham noHagzobunacb mexxPpyHKLMOHAbHAA KoMaHaa Ans
pa3paboTKM niaHa npoeKkTa no Keanuédukauum (QPP), B KoTopom noapobHo
onucbiBanocb  obopyaosaHne  OBuK  (HVAC)  (npuemKa/kBanudukaums
GYHKUMOHMPOBAHKA), cTpaTerna KeanuoduKauum 3¢GeKTUBHOCTM MOHUTOPUHTA
NPOW3BOACTBEHHOM cpeabl U TPeBOBAHUSA K CYLLECTBYIOWMUM CUCTEMAM, Ha KOTOpPbIE
NOBAUANO CHUMMKEHMEe KpaTHOCTM Bo3gyxoobmeHa OBuK (HVAC). KomaHaa
pasgenunna npoekT Ha 15 cucTem, OCHOBaHHbIX Ha 30HaX, 0BCAyXMBAEMbIX
YyCTaHOBKaMu MOAroTOBKM BO34yxa. PaccmaTpuBaemble YCTaHOBKM MOATOTOBKM
BO34yXa M 30Hbl UMeNIN MHANBUAYA/IbHbIE KPATHOCTN BO34yX00bMeHa B KayecTse
NnognpoekToB M, TakKMM 06pa3somM, OrpaHMUMBA/IM  aKTMBHbIA OXBaT U
OZHOBPEMEHHbIN PUCK AN BCEX aCMEKTOB OTAE/NbHOW CUCTEMbBI B 1H060OM MOMEHT
BPEMEHMU.

OLLEHKA PUCKOB

OTyeT NO yMpaB/lEHWIO PUCKAaMW AN KadvecTBa bObin  paspabotaH  ans
onpegeneHna KonnyecTsa gHel, Heob6XoAMMbIX ANA BbINONHEHMA KBanubuKaumm
30 PEeKTUBHOCTM MOANDULMPOBAHHOIO MOHUTOPUHIA MPOU3BOACTBEHHOW cpeabl
(EMPQ). B pamKax COOTBETCTBYIOLLENO NaHa YNpaBAeHMA PUCKaMM KayecTBa bblin
M3y4eHbl W OLUEHeHbl MOTeHLMaNbHbIE PUCKKU, CBA3aHHble C KPaTHOCTAMM
BO34yX006MeHa Ana NpeanpuaTua, npouecca u/uam NpoayKTa.

MpoLecc OLLeHKN pUCKa BKIOYAN:

= Cbop AJaHHbIX (Hanpumep, HOMep MOMeELLEHUA, CXeMbl KnaccubuKaumm
nomeleHui B npmeaske K OBuK (HVAC))

= AHKeTY A7 OLLeHKM PUCKa ANA pacyeTa OLLEHKM pUcKa (cTaHgapTHaA maTpuua
pUCKoB)

= Martpuuy  puckos
mozmnduumposaHHoro EMPQ

» 0606LLEeHME AaHHbIX OLEHKN PUCKa

ONA  Ko/iMyecTBa  AHEW  ONA  BbIMOJIHEHMA



Figure 4: NVP data for an ISO 7 system (one month average before and after).
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Figure 5: NVP data for an ISO 8 system (one month average before and after).
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The team came up with three simple quality categories — low risk, medium risk,
and high risk — proving that the distinctions do not have to be fancy or complex.

The quality categories can be broken out as follows:

* Low risk: HVAC systems supplying areas that have no processing. These are
primarily corridors and secondarily staging areas for equipment or supplies. Nothing
is allowed to be “opened” per standard operating procedure (SOP), as far as product
or materials for product.

* Medium risk: HVAC systems supplying processing areas that are closed
processes. These are areas where the product or process is fully contained within a
tank or piping that is never allowed to be opened per SOP.

* High risk: HVAC systems supplying processing areas that have open processes.
Most of these are momentary but still require that the environment be clean enough
to meet the licensed process requirements and not cause contamination that would
result in unusable products.

The follow-up for validation was to assign the appropriate number of sampling
days for each type of system based on the risk categories:

* Low risk: Requires the least amount of environmental monitoring (EM)
sampling and monitoring after the new air balance is completed.

* Medium risk: Requires a moderate amount of EM sampling and monitoring
after the new air balance is completed.

* High risk: Requires the largest amount of EM sampling and monitoring after
the new air balance is completed and includes special testing of recovery time within
three feet of the location where an open process will be performed.

The validation engineer wrote the requalification protocols from these
categories. It was agreed that only one system would be qualified at a time. Starting
the next system was dependent up on the successful final approval of all validation
results.

The new air balance values for all the systems were estimated based on two
factors. The first factor is industry research to ensure success is highly likely and starts

KomaHga paspaboTana Tpu NpoOCTble KAaTeropum KayectBa — HU3KUIA PUCK,
CPeaHU PUCK M BbICOKMI PUCK, AOKasblBaloOWMe, YTO Pas3inyumna He 0b6A3aTeNbHO
LOJ/KHbI BbITb NPUYYAUBLIMU UAU CNOKHBIMU.

KaTeropuu KauecTsa MoryT 6biTb pacnpeaeneHbl caeayowmm obpasom:

* H13knit puck: cuctemol OBuK (HVAC), cHabxkatowme nomeLLeHus, B KOTOpbIX
He BeAETCA TEXHOIOMMYECKMI npouecc. B nepsyto ovepeab 3TO KOpUAOPLI U, BO
BTOPYO o4epeab, 30Hbl XpaHEeHUA 060PYA0BAHUA UAWN PACXOAHbIX MaTepuanos. B
COOTBETCTBMM CO CTaHAAPTHOM omnepauMoHHOM npoueaypoi (COM) Huyero He
[O0JIKHO BbITb «OTKPbITLIM», YTO KAaCaeTca NPoAyKTa UM MaTepmanos ANs NPoAyKTa.

» CpegHuit puck: cuctemol OBuK (HVAC), obecneurBatoLime NpoL,EecCHbIE 30HbI,
rge BedyTcsA 3aKpbiTble MPOLLECChl. ITO 30HbI, r4e NPOAYKT UAU TEXHOOMMYECKMIA
Npouecc MONAHOCTbIO 3aKNlOYeH B pesepsyape wam TpybonpoBoae, KoTopble
HUKOTrZa He pa3pellaeTcs OTKpbIBaTb B cooTBeTcTBMM ¢ COT.

= Bbicokuli puck: cuctembl OBmK (HVAC), obecneumnBaroLLme NpoLeccHble 30HbI C
OTKPbITbIMM NpoLeccaMmn. BOIbLUMHCTBO M3 HUX HOCAT KPaTKOBPEMEHHbI XapaKTep,
HO Bce Xe TpebytoT, 4yTobbl doHOBas cpeda bblna AOCTAaTOMHO YUCTOM, YTOOLI
COOTBETCTBOBATb 3aPErmcTPUpPOBaHHbIM TPeOOBaHMAM K MPOLECCY, U He Bbi3biBana
KOHTaMMHaUMK, KoTopasa npusena bbl K HENPUro4HOCTU NPOAYKLUUM.

[anbHellwas BanMAaLMa 3aKAluYanacb B HaA3HAYEHWM COOTBETCTBYIOLLETO
Ko/iMuyecTBa AHel oTbopa Npob Ans KaxKAoro TMna cMCTEMbl Ha OCHOBE KaTeropwuii
pucKa:

* HU3KKi pucK: TpebyeTca HaMmeHbLWKin 06bem 0T6opa NPob 418 MOHUTOPUHTIA
npoussoacTeeHHoW cpeabl (EM) M MoOHMTOpWHra nocne BHeAPEHUA HOBOMO
BO34yLHOro 6anaHca.

= CpegHuii pUCK: TpebyeTca ymepeHHbIn obbem oTb6opa npob6 EM u
MOHWUTOPUHra Noc/e BHeAPEHNUA HOBOTO BO3AyLIHOro 6anaHca.

* BbICOKMI puUCK: TpebyeTcAa camblii 6osbwoi obbem oTbopa nNpob EM wu
MOHWUTOPUHIa MocAe BHEAPEHUA HOBOTO BO3AyWHOro 6anaHca W BKALOYaeT
cneumanbHoe TeCTMPOBaHME BPEMEHW BOCCTAHOB/IEHUMA B npegenax Tpex ¢yTos
(0,91 m) oT mecTa, rae 6yaeT BbINOAHATLCA OTKPbITHIN NpoLecc.

MHKeHep Mo Ba/vAaumMm Hanucan MpPOTOKO/bI peKkBanMbuKaumm no 3Tmm
KaTeropuam. bblo pelieHo, 4To 0 AHOBPEMEHHO byaeT NpoXoanTb KBaMbUKaLMIO
TOMIbKO OAHa cucTema. 3anycK C/eadylollei CUCTeMbl 3aBMCEN OT YCNewHoro
OKOHYaTe/IbHOro YTBEPXKAEHMA BCEX PE3Y/IbTAaTOB BaNAALMM.

HoBble 3HaYeHMs BO3AyWHOro 6anaHca Ans Bcex cuctem Bbinn paccumTaHbl Ha
ocHoBe AByx paKTopoB. MepBblit paKTOp — 3TO OTPACNEBbIE UCCNEAOBAHUSA, KOTOPbIE



at more than 10 ACH for ISO 8. The other factor is “turn down” of the existing system
and limits to their sizing. Our systems were designed for 25 ACH and so attempting
to get down to 6 or 8 ACH was not likely.

We also came across circumstances where rooms could not be optimized down.
For example, there was a very long corridor with all south-facing windows. In this
case, 10 to 12 ACH would have been optimum, but during the day after the initial
balance, both temperature and pressure was unstable in that corridor due to solar
gain. We had to increase the ACH to 14 to overcome the solar gain factor. It was
combining these factors that allowed engineering and the air balancers to set realistic
goals for the area by ISO class:

* Low-risk ISO 8 system: From 25 ACH to 12 ACH +/- 1

* Medium-risk ISO 8 system: From 25 ACH to 14 ACH +/- 1

* High-risk 1ISO 8 system: From 25 ACH to 16 ACH +/- 1

= High-risk 1ISO 7 system: 48 ACH to 28 ACH +/- 1

The project was completed in 2020. The implemented changes reduced air flow
volume by 165,000 cfm — which was 38% higher than initial estimates presented in
Table 1 — and resulted in a 14% decrease in energy consumption and GHG emissions
and over $678,000 cost savings per year. With significant energy cost increases in
2021 and 2022, the potential cost savings are much higher than the estimated values.

Figures 4 and 5 show the differences in 0.5- and 5.0-micron particulates found
by air sampling before and after the air change reduction for an ISO 7 and ISO 8
(medium risk) system.

CONCLUSION

This project was a multidisciplinary success, with representatives from
manufacturing, scheduling, quality control, quality assurance, validation, facilities,
engineering, and project management, as well as HVAC subject matter experts, EM

rapaHTUPYIOT BbLICOKYIO BEPOATHOCTb YCMexa M HAYMHAKTCA C  KPaTHOCTU
Bo3ayxoobmeHa 6onee yem 10 yl gna ISO 8. Bropol dakTop — orpaHuyeHus
CYLLECTBYIOLLMX CUCTEM UCXOAA U3 UX MPOU3BOAUTENBHOCTU. Hawm cuctembl Bbiin
paccuMTaHbl Ha KPaTHOCTb BO3A4yx006meHa 25 4™, 1 No3ToMy MonbITKa CHU3UTb UX
KPaTHOCTb A0 6 Maun 8 ul Bbina ManoBEepPOATHOMN.

Mbl TaK»Ke CTaNKMBANUCb C OOCTOATENLCTBAMM, NMPU KOTOPbIX NOMELLEHUA He
Mornun 6biTb ONTUMU3MPOBAHbI B MEHbLLYIO CTOPOHY. Hanpumep, oYeHb A/MHHbIN
KOpPUAOpP, BCE OKHA KOTOPOro BbIXOAWAW Ha HOXHYIO CTOPOHYy. B atom cnyyae
onTMMmanbHo 6bina 6bl KPAaTHOCTb BO3ayxoobmeHa oT 10 4o 12 4™, Ho B TeyeHune
OHA nocne nepBOHAYasbHOM HACTPOMKM Temnepatypa W gaBjeHMe B 3TOM
Kopuaope 6bliM HecTabubHbIMKU M3-3a YCUNAEHUSA WHCOAALMU. Ham npuwwiocs
YBENNUYUTb KPAaTHOCTb BO3ayxoobmeHa Ao 14, utobbl npeogonets GakTop ycuneHms
uHconAauun. CouetaHme sTUX GakTOPOB NO3BONIIO UHKEHEPAM M CMELMANNCTaM NO
BEHTUNALMN YCTAHOBUTb PeasnMCTUYHbIE Liean AndA 30H no Knaccy I1SO:

= Cuctema HU3KOro pucka ISO 8: KpaTHOCTb Bo3ayxoobmeHa ot 25yt go 12 yt
+/-1

* Cuctema ISO 8 co cpeaHUM YPOBHEM PUCKA: KPAaTHOCTb BO34yXx00bmeHa oT 25
ylpo14ut+/-1

* Cuctema ISO 8 ¢ BbICOKMM YPOBHEM PUCKA: KPAaTHOCTb BO3A4yx00bmeHa oT 25 v
lpo16yt+/-1

= CUCTema BbICOKOro pucka ISO 7: KpaTHOCTb Bo3ayxoobmeHa ot 48 ut go 28 y't
+/-1

MpoekT 6b11 3aBeplueH B 2020 roay. BHeApeHHbIe U3MEHEHWNSA COKPATUAN 06BbEM
BO3AYLWHOrO noToka Ha 165,000 ky6. dytos/muH (4672,3 m3>/muH), uTo Ha 38%
NpPeBbICMI0 NepBOHAYa/IbHbIe OLUEHKU, NpeacTaBAeHHble B Tabavue 1, u npueeno K
CHUXEHUIO NnoTpebsieHns 3HeprMn M BbIBPOCOB MAPHMKOBLIX ra3oB Ha 14% u
3KOHOMMM cpeacTs 6onee uem Ha 678 000 $ B roa. MNpu 3HAUMTENILHOM YBEIMHEHUN
3aTpaT Ha aneKkTposHeprmio B 2021 n 2022 rr. noTeHUMaNbHAA S3KOHOMMA 3aTpaT
HAaMHOTO MPEBbILIAET PAaCYETHbIE 3HAYEHWA.

Ha pucyHKax 4 1 5 nokasaHbl pa3inyma B cogeprkaHnm vyactumy, pasamepom 0,5 u
5,0 MUKpPOH, OBHapy»KeHHbIX Npu oTbope NpPob BO3Ayxa A0 U NOCAE CHUNKEHUA
pacxoga Bo3ayxa B COOTBETCTBUM ¢ cuctemamm ISO 7 n ISO 8 (cpeaHnin puck).

3AK/TIOYEHUE

3TOT NpPOEeKT 6bIn MexancumninHapHbiMm  ycnexom, rge y4acrtsoBain
npegcrasuTen NponsBoacTea, NJIAHNMPOBAHUA, KOHTPOA KavyecCTBa, obecneyeHus
KayecTBa, Ba/Maaunn, UHXMHUPUHIA N ynpaBieHUA NPOEKTAaMM, a TaKXKe IKCNepPTbl



samplers, air balancers, and cleanroom testing certification technicians, all are
responsible for the cleanroom environments and yet made a great example of
innovative approaches to enable such changes in an environment where continuous
production is a key for patients.
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06 aBTOpax

Bex3ap Topabudap, PE, agnseTcA CTapwvm AWPEKTOPOM MO YCTOMYMBOMY
pasBuTUiO Genentech. bex3ag Bo3rnaenseT noptdosMo B 061acTM yCTOMUMBOrO
pa3suTmna papmauesTuyeckoir komnaHmm Roche B CLUA. o npuxoaa B Genentech
bexsan npopabotan B HedTerasosoit oTpacam 6onee 10 net. OH NOAYYUA CTENEHD
marmctpa B 061acTM ynpasneHWa yCTOMYMBbLIM passutvem B Konymbuickom
yHuBepcuTeTe B Hbto-Mopke. OH ansetca uneHom ISPE ¢ 2019 roaa.

D:xkeddpu BuHr, PE, ABnaeTcA rnaBHbIM UHXEHEPOM-MEXAHUKOM UHXXEHEPHOM
rpynnbl B 6uoTexHonornyeckom Kamnyce Genentech nnowaabio 60 akpos (243
meic. M?). B uioHe 2012 roaa oH noayumn anueHsuio wrata KaandopHua 8 obnactu
MawmnHocTpoeHus. B 2009 roay Oxkeddpu paboTtan UHKeHepom, OoTBeYas 3a Bce
ynctble nomeweHna M GMP-xonogoBbIX CUCTEMAX Ha KpynHOMAacWTabHOM
KOomMmepyeckom obbekte. B 1998 rogy oH Havan pabotatb B obnactm



career began by serving in the US naval nuclear power submarine fleet, and
subsequently in California’s power industry. He holds a bachelor’s degree in logic
from Ripon College, a graduate certificate in information systems management from
the University of Southern California, and a specialized certificate in HVAC design and
controls from the University of California—San Diego.

buoTexHonormin B chepe 060pya0BaHNA U TEXHUUYECKOTO 0BCNYKMBAHNA B KAYECTBE
CTaplwero TEexXHMYEecKoro crneunanuncta, MeHemepa NO  TeXHUYECKOMY
0BCNYKMBAHUIO, A TaKXe MeHezxKepa Mo naaHupoBaHuio M TOMP Ha Tpex
Pa3/IMYHbIX NPOM3BOACTBEHHbIX MAOLWAAKAX ANA KAMHUYECKUX MUCCNefoBaHUM U
KOMMep4ecKoro nponssoacTsa. Ero Kapbepa Hayanacb €O C/AyXbbl Ha aTOMHOM
noasogHom pnote BMC CLLA, a 3aTem B aHepreTuyeckon oTpacan KanndbopHun. OH
MMeeT cTeneHb 6akanaBpa B 06/1acTU IOrMYECKMX CXemM B Koanegyke PunoH,
CepTUPUKAT BbINYCKHUKA MO YMNPaBAEHUIO WMHPOPMALMOHHBIMU CUCTEMAMWN B
YHusepcutete HXKHOM KannudopHMM M cneumannsmpoBaHHbIN cepTuduKaT no
NPOEKTUPOBAHUIO N ynpaBaeHuto cuctem OBuK B KanndopHuiickom yHuBepcuTeTe
B Can-[uero.



