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o= > 1 Wheel Material: Mild steel ight: !
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Fan Performance
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Al A H G IX — 4518 HI b i o : ' o ' I
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HFRFHFMEHESE —G Captair LEBNAE. W4, Erlab k4T KA Captair R
18 A

AFErlab Captair RA)iEXAE
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1970 AEARTF R 23 TF A 7 4R AL FRTE8 JRURE 122 XU XL SR 1o /38 2 5 | N3 XU
TFVRTRTTE GBI, ATk 1 S8 & Ab 3R 2 SR o KRR 2 09 38 JXUAE 75 245 FH AN IR
AN R G AH AN SO B R IR IS8T PR T, AR T Zefaid, X
ST 1368 AT 4 e K

—NEZBIWH A 1995 4, FiAeH M M E K S8 % (Lawrence—Berkeley National
Laboratory) HUIEIFHEITI, FRAMHEFIENAE (The Berkeley Hood) o ‘BX¥fifitd /1A
380 71% (push-pull) GUFH LML A T8 XAE T A, BRAE G AL S EL, KR XU R R
K29 70%, WRIRPRFFE Fafd i)ys Yeda il M 6E . IXANTRE B T PR N EEANRUER VAV 28 X &
RYGURTLIREFEM T, SR TR XAE T & B (5] o Hrindii ESCO M 5 MK 1 i T3
HINEFR], IR T mstE @ i, (6]

1970 4E4X, Labconco JF & T B LF 40 N 208 XA, 90 70 N L Sk 1 BE R [ R 2% 1)
F FCVFTE 22 A IR BE A FH B8 R 1 1 5 AT AR o 20 NI R & 2 411 2 S0 06 = 1A 0L T
o

3B RAEAR PR HE N BT B

1985 4, 5[E ASHRAE # H tH 558 — N8 X
e P AEM AR HE ASHRAE 110-1985. 3l KUHE % J@
BT E NI A IR AR 3 o ¥ €3

1990 4, JE[E A AR 1 18 A o [ ARk BS
7258, ‘BB THAT N BN 14175, FHHAH 5 BRI
At S A X 252

1990 EARI [a] B AT i — A 22 22 BLURR AL fe i
IR BT R, 123 E B e RGBT AT LT
TF 0 RSF TAS S gk, S/ 8 XU ) B

1991 4F, OSHA (HRMVZ2 4 5 (g B 35 ) %)
UG = B ERERL

1992 4, FEEFIN T ANST / ATHA 79.5 1
SRS i R AR

Laboratory
Ventilation

AANST / ATHA 79.5 HHifiAs Ay 2012 JiK
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1995 EHEH T R R0 AY) ASHRAE 110-1995.
PL 1995 A5 Ak, J5 58 A T AR b X CRLRE S50 2508 X)) 22 5 AR R AT,

_ g
STANDARD

AN AMERICAN NATIONAL STANDARD

Method of Testing
Performance of
Laboratory

Fume Hoods

OV Nt G, N+ A, 64 30229

AASHRAE 110-1995

1996 4%, Gl T AFNOR AF X 15 211: 1995 Aniff, AT AT DARRHa ™k BARHE Al 0 5 18
RAE R PERE o EbRIE S R FIAE I A 38 WUAE 1) 2 5 A o

1997 4£, Lab Crafters #EH 7 HEFIFEMHEE Air Sentry XA, X5 — @B
Iyt R KA . a0, s KAESRAL T — Rl R H AR R, BAE ISR KAt
N HEAT A2 OB AL SR AR A I L R igAT . BHET, @E &M T 1200 24 Air
Sentry i KM .

1998 4F, Erlab ¥ J& [ Captair /= fiafl, DAL ZMTR. Bl o
CaptairStore (—ANEMMILIEMMIME) , CaptairBio (—/>PCR L{Eu) Al CaptairFlow
(£ % HEPA I EMIHLAED ©

1999 F3¢ EHEH UL 1805 I8 MAEARHE, BEFx 1 @XAERATERESL, 0¥ & 3 SL5 % X
R, M A SRy . AR S A Bl R, 3 KU L 250483 UL 1805 HAIIE

UL 1805

Laboratory Hoods and
Cabinets

AUL 1805
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2000 5, SEFA WIS F4 K 7 SEFA 1-fb2=d XAG .

Scientific Equipment & Furniture Association
Recommen ded Practices

SEFA 1-2010
Laboratory Fume Hoods

SEIFE
SEFA SPELLS SAFE

ASEFA 1-2010 3@ XE

£ 2000 FEARE A — AN B2 FRERE T 1 PL 50-60 fpm 247 FUMRI I8 XA . X Le4Y
AR R EBCAFIREIR, R AT 54t BHHAL S (M Re . S MAREE 2 Labconco (1)
X-Stream R .

2006 4, BERHE RS 1AM AR TR, — 3K 582 F 115 Go AL i A 2% 08 XUE .
2012 4, SHE T RVRAT 0B XUE .

2008 4F, Erlab fE Pittcon B X JHATHIM 2 BRECAR S CIE XAE SR . 1t 2 R
AL KA H AR bR B B — B RAE R, HEFEZEEMR LS, 16, SWmsaR
e

[FIFEAE 2009 4F, AirClean Systems JFREH &ML X T EWNRAE . Z WA ER T
Silconazne IHIERGL, ZRGIESAHILIE, HIBMEM, A TRAEHIF IS I LA FH AT i #AE
AZHJT SR T HERIBEOR .

I[n

YA S

AAir Clean Systems A7 70 JC & 38 X b

15
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2010 4, Air Science AHEHEH 1 — RFF A SR AL IEEOR (BFT) Bl igds, T i
NE RTCE BN R BRI JEROR G — B A IE R G, PR T2 Mizo eyt m, 8
FEENIR, B, MR, AR, BE, B, B, B, <EMIg.

[Fl4E, Air Science i&tHEH) | Purair ECO TREMGEIENXAME 25, HixitHT EFT il
5, FITES V2 S 2 R Tl S s EAT AL S UKL R, B TE GRS L 22 A BURL . Purair ECO
RITF AR T W A B 224, AT BROA R A e BE AR T 8 Ui KR AT K /oK, 1%
27 A M A B RRE B2 PR it HVAC R R T, (A I SO 300 N 57 FIFR B ¥ TR A7

&

APurair ECO 5 58T 18 XUHE
ASHRAE 110 BE3Hr %] 2016 hiz, TEHARUSCERAINRIAFRE A8 T 87 MhRA B R BB B2
I8/ T SF6 (A% e
2016 4F, fattAHE (E3) fErp AL 7 4bXALE KAE AR AR R E R (7], 7275
BT, FBRGIEKE TN KA A& B .
2019 4, EN 14175-3 #EH 1 2019 hiv. fEHERWCERMTHE T B MBS, TRFRiEE
=i

BS EN 14175-3:2019

BSI Standards Publication

Fume cupboards

Part 3: Type test methods

AFN 14175-3:2019 h}

16
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18 RURE TR SR

SO0 %5 38 UM R SI256 5 30 R I AR SR BAVF 2 07 IR JE o AR SRR R 1 B R W3 JCHE i ok
G AR A1 VAV RG8 B ATAAE V2 W8 1 — A RO E B A2, fEftm 2 e FI,
T SR AT RREE M ok TR G (T RE IR U TS R

B ORI E XAE 8% )75 Yo da #1) % & (Exposure  Control Devices) o AR#EAS[H XU
LRI FER, SRR EIE X BREINER . LI E S SRS RO R, [F2D
ftR (synchronized supply) 55 R GUH AT BN 56 4F BOE XAE BT A B T80 is
g th, Ak CRE/INE SR ACH. TR — AR BE I8 XU AT RE B o PR k25 e s
##4#% (Chemical Containment Device) .

PRI, R RE A TE I s, BTN AV B BOR X B R AR N e
A2 B P EE RGN0, RS =l KRGO, K= MR R H e R, X
PR 5 S5 = R B T A T R A AT IR TR . 8 YR S = A AR A TS e, TT R
WS IRE, WA BRI . TREAE T RUE T 2 /028, T 5006 == ZORFF T %2
[ SR TR B /> ACH. T 4 i 22 A PR Ak BEAE, %o S0 2 38 XUEAT BE A THI A T
SRR

[1] "fume hood" https://en.wikipedia.org/wiki/Fume_hood)

[2] Gillian Mohney (2015-10-18). “Thomas Jefferson's Hidden Chemistry Lab Discovered"
http://abcnews.go.com/Health/thomas-jeffersons-hidden-chemistry-lab-found-univ-virginia/story?id=34521301

[3] Marzena Klimowicz-Sikorska (2010-09-30). "Wehikut czasu na Politechnice Gdanskiej / Time machine at
the Gdansk University of Technology" (in Polish). Trojmiasto.pl.
https://www.trojmiasto.pl/wiadomosci/Wehikul-czasu-na-Politechnice-Gdanskiej-n42148.html

[4] John Buie (2011-12-09). "Evolution of fume hoods". Lab Manager.
https://ateam.Ibl.gov/hightech/fumehood/About.html

[5] Applicatons Team Berkeley Hood Project
https://buildings.Ibl.gov/publications/berkeley-hood-development-and

[61 Esco Announces Complete NEW Range of Energy Efficient Laboratory Fume Hoods
https://escolifesciences.ru/news/323/

(7] R AR S5 R HE XU 51 0 2 2 A+ AR BT RE B BR 2&

Chttps://www.prnasia.com/story/206455-1.shtml)
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ASHRAE 7 NEMHEH, {Rig—
&
RIB/T REGERBA M

KTEH

#» High-performance Building Design Professional (HBDP), ASHRAE
» Health-care Facilities Design Professional (HFDP), ASHRAE

» Project Management Professional (PMP), PMI

ThER2

#» ASHRAE Technical Committee 9.10

» ASHRAE Technical Committee 9.2

Tao Zhang HVAC Engineer

Wison Engineering Ltd.

ASHRAE X %4t . LEED. WELL M A SR, & — M EH#ERIEIL, X LEED v4 BD+C £ %
W5 H ASHRAE 381 X

fEiE 10 100 Z 41, ASHRAE fE4 HVAC &R Wit I8 # — BAESS IAS IR ORI k525 AT
DPURX — %, 2 AT R . AT EAR@E SIS A R LA F A &R AN E,
ASHRAE L T8

"BHTASHRAEER T B/ FHEWANR, TWERFMERE, FHILFEASHRAERE
=R MRS SR T S S K FAREIFIATR. -

—Jeffrey G Ross-Bain, BEMP,

Ross-Bain Green Building, LLC

ASHRAE F Mk NN IETHRI B T R B BLTHA R A2 AT B & I AR A2 B F 4T Mk
MLEFFR. Bk HET, ASHRAE StHEH T 7 AEAMA LMEH-RI:
® Certified HVAC Designer (CHD),

WE AR IE B T

® High-Performance Building Design Professional (HBDP),
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rTERERE BTk At

® Building Energy Modeling Professional (BEMP),
AL AL

® Building Commissioning Professional (BCxP),
I E LN

® Healthcare Facility Design Professional (HFDP),
g7 et vt Tl At

® Building Energy Assessment Professional (BEAP),
I REFE Al Tk At

® Operations & Performance Management Professional (OPMP),

ERISAT KRR EE LA L.

AN HWT
1. Certified HVAC Designer (CHD)
WIERBRE B (CHD)

19
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CHD - Certified HVAC Designer

The CHD certification validates competency to do
the following: Design HVAC systems to meet
building/project requirements, including
equipment, equipment sizing, load calculations,
mechanical equipment room design, duct and
piping design and layout, and develop HVAC plans

for permit and construction.

IARFT LA S4B HVAC B IM R, ASHRAE il 5 T “INIERIRZE BT (CHD) AiE.

CHD AIESGAIE | FHIEE HIAE ), “IIERIBRIE I (CHDDY fE N LA, wILA it HVAC R&iLL
W BT H BR, AFESAEE, W IR AR, MUk o, BEMEE R SME., fileH
TV AT T HVAC &1

T/ R FEES, BZHEER ASHRAE SR FR:

«“ HVAC Bt 8] 1) 8 ) 7K-F 2 7RR K (95%)

« HU1§ CHD ko2 — B MME R LR HFR (82%)

<HUF UE S RERS 5 B4R TH O ET R (74%)

C DES/ 64'
ST

CHD

CHD ANEE R ERARTWT:

1 System Design Z Gt ¥ 11 F1A & i 1Y

2. DESIGN CALCULATIONS # 115

3. PROCEDURAL #it. R gttt fe AR NI e

4, COORDINATION #¢it SR K it i F A vy i B i T4F

2~ High-Performance Building Design Professional (HBDP)
HEiEREEA BT AL (HBDP)

\)

0]
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HBDP - High-Performance Building
Design Professional Certification

Validates competency to design and integrate
sustainable HVAC&R systems into high performing

buildings.

LEARN MORE & APPLY

HBDP VEIER T FIE K AT R HVAC & R RGu it AR B s PERE @S h I BE J) . 4 2
SBT3 B RAEH I AILA PR 285 ) mh A SRR AR B SR s /2 i S P 2 FA 75 oK

HBDP AEEHAKERANAW T :
I. Background information 15 5t %k}
A. Sustainability concepts ] ¥4 & EHE &
B. HVAC processes HVAC # it (1 FE AR
C. Sustainable processes A H¢4Ek fE & it AR FIRE T
D. Environmental improvement programs and rating systems ¥4 i & I AR R 5
li. Energy analysis HAEFE7 1T
A. Envelope / massing / orientation optimization FE#/4&F3/77 [ ftik
B. Initial assessment  #J5 PF4ili
C. Ventilation 3 X
D. Energy compliance modeling AEJE & 1 12k 2
lii. Indoor and site environment ‘= A Fll37 1 3K 155
A. Thermal comfort #vh7iE P
B. Air quality &< i &

C. Lighting [ H]




7 Ak e

CAiBRIE )Y 25 33 #1 (2022 4 06 A)

Iv. Controls and monitoring %] &4t

A. Control hardware % & 4t [ figif4:

B. Control strategies 17 il 5%
V. Benchmarking with performance metrics PAZiR T8 brili & 3k vk
A. Project performance measurement i H G304
B. Energy performance verification BE¥5 %46 1iF
C. Environmental performance measurement 454 X 1At
Vi. Water conservation 5% /47K
A. Storm water management R 7K & Fi
B. Domestic water management 4= 1% F /K & #
C. Process / wastewater management . 2/ 7K & B
Vii. Commissioning in sustainable construction ] #4551 &
A. Documentation #3& 31
B. Commissioning process i i fE

Viii. Energy and materials use and management  AEJEAIRA R F 5 5 B

oy
i)

Certified

Be it known that

TAO ZHANG, HBDP

1.D. 8313846
having successfully completed all requirements and criteria has been
certified as a

High-Performance Building Design Professional
and has accordingly been awarded all the righits, honors, and privileges thereunto appertaining.

The HBDP certification validates competency to design and imtegrate sustainable HVACER systems
into high performing buildings.

DLk @

Bjarne W. Olosen, Ph.1)., Fallow ASHRAE, Life
Member. ASHRAE President 2017-2018

02-12 2018 / 12-31-2021

3+ Building Energy Modeling Professional (BEMP)
BB RFEEA WAL (BEMP)

\\)
\)
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BEMP - Building Energy Modeling
Professional Certification

Validates competency to model new and existing
building and systems with the full range of physics
and evaluate, select, use, calibrate and interpret the
results of energy modeling software where applied
to building and systems energy performance and

economics.

BEMP YIEIERA T RFUEASEX B IH @SR RS 3EAT REFEARAERT, mTDAVEAL, &%, SO, AR
FERe IR B A 1 25
(TEME R 51N ASHRAE &5 fEFEMITFZ2IAE“Building Energy Quotient (BeQ)”, BeQ iAEfLH5”

As Designed (¥ 1A IE) " F1” Operation Building EQ (247 IAIE)”;s /545 % BeQ #H1T &N 4. ) BEMP ik
PHIFFIE AT PAI] ASHRAE #2732 “As Designed Workbooks”, LPAFFf& BeQ As Designed iAilE. BEMP $FilE

&A1 “Building EQ AUESE I “HIBAR S H AR5 1 M o

<NERG)

ASHRAE

BEMP
G\ CERTIFIED 4

(&4
5 S
9 o
9 —

>y

BEMP AIEHAKIFRNFWT:
1. Establishing the modeling scope i <& fE A6 2 1 ()7
A. Modeling Objectives BEFERLLIN H 1)
B. Analysis Methodologies 437 /5%
C. Software and Tool Selection %A1 T =& $E
D. Project Scheduling and Budget Considerations il H i 5 & T4
2. Components of building and energy systems %35 Fl e #E 2 48 10 41L&
A. Location and Climate Definition Tl H Fi7EHL & SRS 5
B. Building Envelope and Partitions 73 35 frt] BBl 4 45 1) &% 5 W7
C. Building HVAC Systems Z:4ilZiH & 4;

D. Lighting Systems 8] % 4;

\
C(
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E. Other Internal and Process Loads A1) P #5545 #

F. District Energy Systems [X 5 AEVE 54t
G. Renewable Energy Systems 7] 4L GEJE & 4t
H. Controls % &%t
3. Applications of energy models for buildings 737 2 4% RE FE R 7Y
A. Simulation Comparisons F ALl %} Lt
B. Modeling Energy Performance AgFER4DL 12 RE
C. Evolution of Simulation Techniques to Meet Project Methods and Objectives AR 517 H 1754 1Ak 4
W 153
D. Baseline Building Models % S 4L i) i vk
4. Interpretations of energy model results #5574 £k 5L 1 i e
A. Verification and Troubleshooting of Simulation Results 145 5 1) 56 1F A1 bR
B. Analyzing and Comparing Modeling Results 4387 il Eb 5 i 4% 5
C. Economic Analyses 55434t
D. Sensitivity Analyses g4 4>#r

E. Project Deliverable i H a] 22 f+f it S5

4. Building Commissioning Professional (BCxP)

BHARMEETW AL (BCxP)

BCxP - Building Commissioning
Professional Certification

Validates competency to lead, plan, coordinate and
manage a commissioning team to implement
commissioning processes in new and existing

buildings.

LEARN MORE & APPLY

BCxP TAIE L 35 E GEYR T (DOE) ARl AFF# (Better Buildings Workforce Guidelines) (BBWG) ,

MRS T HFIEANSUS, AR, in A e S K A A AFE T IF e 040 v S it i et 7 e
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VF2 VI P & 3 R EEIRREIR PR, /it T30 IR AR B, e a7 0 e 26 SE e plA LA K% B s B
74, BARRKERME T %, SRR A I &R RITERE, TR ITE Y DL A %
THaa A f A 3

BCxP ANIEERHIEREANAFT:

1. Managing Commissioning Projects & i H ()45 #

2. Preparing Commissioning Documentation & {3 4

4. Managing Training Activities & F £ Il 1% 3))

5. Completing Warranty Phase Activities 5¢ i% 5 {3 1175 3))

6. Conducting Existing Building Commissioning Bt 3 H [ 8i&

7. Conducting On-Going Commissioning {8 4E 14 1 1%

5. Healthcare Facility Design Professional (HFDP)
By ¥t vt At (HFDP)

HFDP - Healthcare Facility Design
Professional Certification

Validates competency to incorporate standards and
guidelines as well as unique healthcare facility
requirements and design principles in HVAC

system design.

LEARN MORE & APPLY

P

HFDP A IEUE] 1 FFIE AR AR, I LSRR A BT PR it ZR AN R AN HVAC &4t

e
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H 23 A BT et HoRIEED , B ESRIAR LU FH H 2 24, X MR 27 it
SEH TP K.

HFDP AIEE R E R AR T :

I. MEDICAL BACKGROUND INFORMATION [ 2275 5 % k)
A. Terminology ARi&
B. Equipment %
C. Departments and Medical Procedures #5117 FEF
D. Airborne vs. Contact Infection and Contamination 25 I vs $3flsyLFys 4x
E. Common Disease Organisms 7 W% 44
F. Contamination of Domestic Water Supply 43 F /K75 %%

Il. STANDARDS AND GUIDELINES FOR HVAC SYSTEM DESIGN FOR HEALTHCARE

FACILITIES PA:fR{f It 1) HVAC 3Gt BevtbnEE A E ]

A. Standards and Guidelines 5 vH A1 #E ]
B. Regulatory Codes %#

I1l. HVAC SYSTEM DESIGN FOR HEALTHCARE FACILITIES [E&J7 B (I BRIE 25 H R 4 ¥ it
A. Static Pressure Control &% 45|
B. Energy Efficiency BEVEZER
C. Room Air Distribution = i 2121
D. Equipment and Application & 15

IV. UNIQUE REQUIREMENTS FOR HEALTHCARE FACILITIES 7 i3 il {4 ik R
A. Central Plants - Describe need for redundancy to current standards. 2 x0 5 #—— 4 B brvHE X 15

2 TURIER

B. Medical Equipment 57 % 4%

C. Fire and Life Safety (including smoke control) i[5 filAE fiv 224 CHLFE 55 F2H)
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D. Operations and Maintenance iz 54k

E. Infection Control JZ&4Lizs i)

F. Disaster Mitigation, Management, and Recovery J& %, & HAIKE

G. Controls and Instrumentation 321 Fi{y %

H. Testing, Balancing, and Commissioning 3&, P11 i&

6. Building Energy Assessment Professional (BEAP)
BRAEFETEG &L A 1 (BEAP)

BEAP - Building Energy
Assessment Professional
Certification

Validates competency to assess building systems
and site conditions; analyze and evaluate
equipment and energy usage; and recommend

strategies to optimize building resource utilization.

LEARN MORE & APPLY

EAP AIE C 3k 7535 [E REJREE (DOE)  (Better Buildings Workforce Guidelines) (BBWG) KJik#], #f
BEVEAE B LR I R G A, AT RS & S REVRAE IS LI RE 77, IR AL R SR SR 5%

PRI =

BEAP ilE 15 I HFIE A AT LAIA] ASHRAE #2£%2“In Operation Workbooks”, PAJFfE BeQ In Operation AiE.

BEAP FFiE# 4 ff F“Building EQ T\ EFE AL [ Bbs S H AR S5 Wi B

BEAP ANEERKIERZARTWT:
1. Communicating With Stakeholders 5 F] %5 #H 2% 1438

\¥)

7
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A. Identify the owner’s project team. iff &MV F )35 H F1BA

B. Review the scope and process with the client. 5% /' — 2 57 2 Ji Al F .
2. Developing The Action Plan #il5E4T5hit %
A. Conduct pre-audit activities. /T H %% 5

B. Generate preliminary list of systems and assemblies to be audited. = i % 5 k% () R G AL R HE 1

C. Determine audit tools and forms. #ffi5€ & % T H A
D. Determine project schedule. fffi5E i H 3t fZ & .
E. Identify safety and access requirements of the facility. i€ Wit ft) 22 4= PEAT HH N B R .
3. Conducting Pre-Site Visit Data Collection Activities H#EATHLI 15 10 HdE 115 5h
A. Obtain utility information. 3KEUAF RGI1E B
B. Obtain facility data from point of contact. 3K HX % jits £ &
C. Gather historical weather data. Y4 i 52 RS 5 -
4. Collecting Data On-Site I3z 5 £ s
A. Obtain information from facility staff. MMk A 5 3REUE B .
B. Obtain information from facility occupants. A&t & 1 & 5 B3R EUE B .
C. Assess the building envelope #¥-fiti & 44 BBl 4 4544
D. Assess building systems and components. FEALEE 4 £ GoF12H A4
5. Analyzing Building Performance Data ) &2 45014 B Z
A. Establish energy and cost baseline. %37 GEJ5 RN i A FE H:
B. Establish benchmarks. ##373& 1 .
C. Disaggregate the energy end use breakdown. 73 fi# fE I e 2 R 407>
6. Identifying Opportunities For Improving Building Performance % H 2e3t @5 MEAE ML 2>
A. Identify deviations from best practices. .3 H} 5 S M2 i 2 o
B. Determine energy impact of each measure. i % &5 it (1) BE S o
C. Estimate implementation cost. {5 St i A o
D. Conduct an economic analysis. 4T Z55 70t -
7. Producing The Deliverable A= a] A2 £ Bt

A. Write a summary audit report. %i’5 ¥ ik
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7~ Operations & Performance Management Professional (OPMP)

BE 5] ésé‘a%ﬂ#ﬂk}\i(opmp)

OPMP - Operations & Performance
Management Professional
Certification

Validates competency to manage facility
operations and maintenance to achieve building
performance goals, including those related to

indoor environmental quality, health and safety.

LEARN MORE & APPLY

OPMP \IEUE ] T FriE N 3 B ia B A 4Ed DA SIVERE Hbx (B35 5= NI RTR, (R
EHKRMARD e H@RMieE mH SREMRITE B RGN &R, SR REHFVAT
RE S R EOAR AR (B8 BRI ) USSR RN BOARTT UK S I REAEREA 1096 21 40% .

OPMP

CERTIFIED

.

OPMP AEERKIEBNARLT:
I. FACILITY LIFE CYCLE it i J& 3

A. Process iIfE
B. Costing for Building Components %3141z 4 2% F 1 4 i
II. MANAGEMENT ASPECTS & Jj T
A. Creation and Implementation of an Operations and Maintenance Program iz Fl4E3 1% 161 2
AL it
B. Supervision of Operations and Maintenance iz & F14Ed I £

C. Manage Building Performance & ¥ 3543k
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D. Building Automation Systems #5* H 1k Z4;

E. Documentation Preparation SCf4H#E#:
F. Procurement Management )% 7
G. Training 55
H. Quality Management i &4 3
I. Resource Management %535 ‘E £
[1l. COMMUNICATIONS ¥4
A. Management & ¥
B. Occupants J&{t#
C. Staff b 57 T
IV. ENVIRONMENTAL, HEALTH, AND SAFETY kg, RS %4
A. Legal Requirements : 25k
B. Voluntary Steps H/E47°N
C. Safety and Security %4>l {5 &
W T RS ANER R, PO, BUMRIE, BITIZ, BAK ASHRAE &AMFRHEFHA M
B2, T IR SRR T B AR U AN L S EHELL

BE TR

www.ashrae.org/

ASHRAE-Certification-Brochure

ASHRAE Building Commissioning Professional (BCxP) Certification Candidate Guidebook

ASHRAE Building Energy Assessment Professional (BEAP) Certification Candidate Guidebook
ASHRAE Building Energy Modeling Professional (BEMP) Certification Candidate Guidebook
ASHRAE Certified ed HVAC Designer (CHD) Certification Candidate Guidebook

ASHRAE High-Performance Building Design Professional (HBDP) Certification Candidate Guidebook
ASHRAE Healthcare Facility Design Professional (HFDP) Certification Candidate Guidebook

ASHRAE Operations & Performance Management Professional (OPMP) Certification Candidate Guidebook
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CDC ElZFia#k: SARS-CoV-2 RIEHENE (RXhR)
B AR, T
Bedi Bh. ZEL Wik, MR

Updated May 7, 2021

2021 5 A 7 HEH

CDC continues to learn more about the SARS-CoV-2 virus and the COVID-19 pandemic. Information in past
Science Briefs might not reflect CDC’s current understanding and recommendations. CDC’s Science Briefs
summarize the scientific evidence behind specific guidance and recommendations. Each Science Brief

captures the scientific evidence and our understanding of it at the time the brief was published.

CDC FFEEWFFEAH K SARS-CoV-2 Fi#A COVID-19 KURATHEMITE 215 . o 56 il A IIRL & ) 4 1
5 R A RETCIR B = T CDC RYBMEAITE I . CDC Rk el s 45 1 B bt 3 M UG8 5 FIRFAIEDE .
By R AT IR AR A & 2 6T SARS-CoV-2 Ji#E M COVID-19 K47/ AR AUESE A CDC 1
PRAR

Summary of recent changes

A T R ) N
Updates as of May 7, 2021
This science brief has been updated to reflect current knowledge about SARS-CoV-2 transmission and
reformatted to be more concise.
KRR O, DURBREFTN SARS-CoV-2 ARFENLHAI NS, JF B B AL H 58 5 il
Modes of SARS-CoV-2 transmission are now categorized as inhalation of virus, deposition of virus on

exposed mucous membranes, and touching mucous membranes with soiled hands contaminated with virus.

SARS-CoV-2 K& ABUAE D AWANIFEE IR EFTURE B R (X R0 5 _E DL B0 8575 Qe (0 T3 Ak h
i

Although how we understand transmission occurs has shifted, the ways to prevent infection with this virus
have not. All prevention measures that CDC recommends remain effective for these forms of transmission.

XTI RRAIAL SR, BRI CDC B MR AL 1AL, BT IR R AL AR 10 50T A B . CDC @I
A7 T3 6 R IX LA AR S AR R

[/J 2
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SARS-CoV-2 is transmitted by exposure to infectious respiratory fluids

T8 o 7 TR A% Gt RN VAR AL R SARS-CoV-2 T

The principal mode by which people are infected with SARS-CoV-2 (the virus that causes COVID-19) is

through exposure to respiratory fluids carrying infectious virus. Exposure occurs in three principal ways:
NAREEG: SARA-CoV-2 i RE (HIREE- T2 2019 BRI 350 28 O 1 32 207 AR b 165 7 1% Re tE i 75
HIRPIRERAAR . B e B2 LR =Fh5 5.
(1) inhalation of very fine respiratory droplets and aerosol particles,
(1) WAARH AR PIRGE AR A BRI,
(2) deposition of respiratory droplets and particles on exposed mucous membranes in the mouth, nose, or eye
by direct splashes and sprays, and
(2) I BB, PPIRIE CORRURTRLTARAE R i i S T ERIR IS ORI B, LK
(3) touching mucous membranes with hands that have been soiled either directly by virus-containing
respiratory fluids or indirectly by touching surfaces with virus on them.
(3) FHBIG R TR, 10352 PRI A 5 45 05 75 0 IR VAU e LT 5 e PR s B 5 e P 1k
EQIE {EIE R
People release respiratory fluids during exhalation (e.g., quiet breathing, speaking, singing, exercise, coughing,
sneezing) in the form of droplets across a spectrum of sizes.1-9 These droplets carry virus and transmit
infection.
NEERFS (T, 2R, Wiih PEER. 1230 MR, FTWEME) B2 BL& R/ N3 AT 2RI
PR BB 1-9., X Ee KRB B I AL FR R L o

The largest droplets settle out of the air rapidly, within seconds to minutes.
T ON DR SR AR DN e by NG SR e /I i

The smallest very fine droplets, and aerosol particles formed when these fine droplets rapidly dry, are small
enough that they can remain suspended in the air for minutes to hours.
A /N FROVBLIRG A S 243X B4 /N0 DR R TR B SV EORIORE A2 8 /0N, W] LR 2 b & o ot &2
HUN
Infectious exposures to respiratory fluids carrying SARS-CoV-2 occur in three principal ways (not mutually

exclusive):

#5iti SARS-CoV-2 HMPFIRGE A R et 28 5 UL =Fh B2 0k E (OMEEHRF) -

40
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1.Inhalation of air carrying very small fine droplets and aerosol particles that contain infectious virus. Risk of

transmission is greatest within three to six feet of an infectious source where the concentration of these very
fine droplets and particles is greatest.

WRN B 25 SR 5 A Vi B 1) YA S SR IR AL o 76 3 B9 75 LU 3~6 98 (0.9~1.8 KD IITE N,
T QIR S R RORL IR P e vy DRI T A% 43 IR 2 e K

2.Deposition of virus carried in exhaled droplets and particles onto exposed mucous membranes (i.e.,
“splashes and sprays”, such as being coughed on). Risk of transmission is likewise greatest close to an
infectious source where the concentration of these exhaled droplets and particles is greatest.

e L )R MURIDRL P 4% 75 R B DU E R R ORI b CRImiile, @lanmxii) o S8, hFsis g
V5B M T R SRR Ak P e v, R T A% 4 XU 85 K

3.Touching mucous membranes with hands soiled by exhaled respiratory fluids containing virus or from

touching inanimate surfaces contaminated with virus.

FRVAR P L P55 7 5 25 0 P PR A8 s Bl K] 2 b A 25 A RO A P R T T 5 2 ) 7 25 4 A 2ot

The risk of SARS-CoV-2 infection varies according to the amount of virus to which a

person is exposed

J& e SARS-CoV-2 i 2 H XU PRI 2% 25 1) 7 B AN (] 1T
Once infectious droplets and particles are exhaled, they move outward from the source. The risk for infection
decreases with increasing distance from the source and increasing time after exhalation. Two principal
processes determine the amount of virus to which a person is exposed in the air or by touching a surface
contaminated by virus:
— EURGE RIRANBURLA T Y, BT 2 MK RSN T8 TSGR XU Bt 55 5 Y 128 P 8 R e
e I TR A B T A e P E B R O — AN AAE 23 B I R A 3 B 5 4% R 3 T 2 fih 409

)
il

1.Decreasing concentration of virus in the air as larger and heavier respiratory droplets containing virus fall to
the ground or other surfaces under the force of gravity and the very fine droplets and aerosol particles that
remain in the airstream progressively mix with, and become diluted within, the growing volume and streams
of air they encounter. This mixing is not necessarily uniform and can be influenced by thermal layering and

initial jetting of exhalations.

[
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W 2 AT 35 BRI IRGE R AE EE R T v Bt i s fh R i, 2 /U (o 33 R I
BEA, R B AU P AR AR A A QR R TR RIURLIZE T T 5 I b 3 kPR e 8 T 8 T v e o

RAREA LS, WS S22 TR AE S S AR o

2.Progressive loss of viral viability and infectiousness over time influenced by environmental factors such as
temperature, humidity, and ultraviolet radiation (e.g., sunlight).

SR IE . SRPEAVERANRIRST (BIUIRRE) SEAEER K MM, o B AL e bl 25 I 18] R HERS 112
ek

Transmission of SARS-CoV-2 from inhalation of virus in the air farther than six feet

from an infectious source can occur
SARS-CoV-2 TR AFEE AR 6 JeR (1.8 KD LIAMY
S I B T AL AR

With increasing distance from the source, the role of inhalation likewise increases. Although infections
through inhalation at distances greater than six feet from an infectious source are less likely than at closer
distances, the phenomenon has been repeatedly documented under certain preventable
circumstances.10-21 These transmission events have involved the presence of an infectious person exhaling
virus indoors for an extended time (more than 15 minutes and in some cases hours) leading to virus
concentrations in the air space sufficient to transmit infections to people more than 6 feet away, and in some
cases to people who have passed through that space soon after the infectious person left. Per published reports,
factors that increase the risk of SARS-CoV-2 infection under these circumstances include:
JUEERE AR YR 6 S R PASMH 7 38 5 N SR GEH A] BE TR I IR T2 SE S A B &, (ELAE S e T U5 )
LT, XMBEE S YR A e B, N BOFE A AR N LR C R BAERT 10-21. XL
PR R BT BRGe B AR S NAE R — BN () GRS 15 208, ZESELUIE I T NEUNED) SECE A h  #
IRPBE R IMLGE 6 JERUIAM N FERLERE LT, e BT a ARG s m i Nt e (R
TE: RIS o MR SRR, BRI 2 INEGe SARS-CoV-2 KU [ 5 3Kt 4
Enclosed spaces with inadequate ventilation or air handling within which the concentration of exhaled

respiratory fluids, especially very fine droplets and aerosol particles, can build-up in the air space.

B AL ERAS L BB PR ), AR A, WS A WP IRCE WA, T A AR G A YR A =V A




L Z %

CAiBziE ) 26 33 # (2022 506 A)

FURE 2> 22 S ] P ARER

Increased exhalation of respiratory fluids if the infectious person is engaged in physical exertion or raises
their voice (e.g., exercising, shouting, singing).
U SRR AT AR YRR SR m A T (I, B, DRI PR IR T VAT 2 B
Prolonged exposure to these conditions, typically more than 15 minutes.

K () B FR AR X SR vh, EE I 15 8.

Prevention of COVID-19 transmission

il COVID-19 f&4%

The infectious dose of SARS-CoV-2 needed to transmit infection has not been established. Current evidence
strongly suggests transmission from contaminated surfaces does not contribute substantially to new infections.
Although animal studies22-24 and epidemiologic investigations25 (in addition to those described above)
indicate that inhalation of virus can cause infection, the relative contributions of inhalation of virus and
deposition of virus on mucous membranes remain unquantified and will be difficult to establish. Despite these
knowledge gaps, the available evidence continues to demonstrate that existing recommendations to prevent
SARS-CoV-2 transmission remain effective. These include physical distancing, community use of well-fitting
masks (e.g., barrier face coverings, procedure/surgical masks), adequate ventilation, and avoidance of
crowded indoor spaces. These methods will reduce transmission both from inhalation of virus and deposition
of virus on exposed mucous membranes. Transmission through soiled hands and surfaces can be prevented
by practicing good hand hygiene and by environmental cleaning.

W A S AL IR T T 1) SARS-CoV-2 UL HIE . H ATHIUES G IR B, S35 R MR H 44
FEA D IR RS . S Y)SE: 22-24 ARAT RS 25 (BR 1 _LRRLs) SREIR A0 75 AT 51
G, BRI B AR R AE R B OB AR TR oR B AL HAE LA €« RS AFAEIXEEFIRZ H, H
WA IESERF SR Y], AT BT SARS-CoV-2 Ji F5 A% 4 H - AT AR AT 28 IX Le S U EL AR ORI AL ST RS
FEDX AL FH 25 A PELF I VB (B, BT EE . FARAMEHEED | 7 /2 (138 XU L B i S % 1 2 9 25 1]

X TR B T IR R B A B R O R EUTARMTAE i A%k . T OREF R 47 10 388 AR AN
ASEE T AT AR 1E 5 G 1 3R T P R A 4
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