B SAFETY

oping, understanding, scaling up, and de-risking novel that warrant particular attention are processes that handle
chemical process technologies. Despite this important PDWHULDOV WKDW DUH ERWK ADPPDEO!
role, these plants do not generate operating revenue. ThereWKDW XVH ¢UHG RU YHU\ KRW HTXLSPH
fore, when designing these units, using existing equipment  Flammable and toxic materials. A strategy often
DQG LQIUDVWUXFWXUH LV RIWHQ D JRDO 7KLV SURYLGHV AH[LELOLW\ LQ
operation and reusability and serves as a cost-effective asset
to the owner.
Ensuring safety in the design and operation of lab-
scale systems and pilot plants is as crucial at these smaller
scales as it is for production-scale plants. Because smaller-
scale plants typically run novel processes that are not fully
XQGHUVWRRG WKH\ DUH RIWHQ GHVLJQHG IRU PD[LPXP AH[LELOLW\
further compounding the importance of safety. This article
highlights aspects of the safe design of lab-scale systems and
pilot plants that are often overlooked (1).

I ab-scale systems and pilot plants are integral to devel- ¢ FDWLRQ Rl WKHVH XQLWY WR DGDSW V

Challenges in electrical hazardous area
classification
+D]DUGRXV DUHD FODVVL¢{FDWLRQ LV D FULWLFDO VDIHW\ DVSHFW
that involves identifying and categorizing areas where
potentially explosive atmospheres may be present. Despite
the ubiquity of this practice, it can be challenging at smaller
scales for several reasons, including limited physical space
(Figure 1), lack of equipment at smaller throughputs, unique
process hazards of novel chemistries, and the constant modi-
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PDLQWDLQ WKH VSHFL¢{HG SUHVYV X lthe ppdigdure Pudird thid Qracesd aR In@rbd& pr&ssure of at
0.1inH,0 is required) least 0.1 inHO must be maintained. Following the comple-
« a way to purge the enclosure prior to pressurization. tion of the purge step, it's assumed that operation is safe to
Although the code allows the engineer to developa  resume. While the plant is operating, the Z-purged enclosure
design that meets its requirements, it is common to see  must maintain the minimum pressurization. As most enclo-
SURGXFWYV LQVWDOOHG WKDW DUH séiesidrd noHEOtQNt, @il typically ih@IvasRoh&dntlyO L W D \
or even automatically carry out the appropriate purgeand ARZLQJ D VPDOO DPRXQW Rl SURWHFWL
pressurization steps (Figure 2). These will typically come :KHQ GHDOLQJ ZLWK PDWHULDOV WKTCLC
ZLWK WKH DELOLW\ WR VZLWFK E H WbZit] thétranlitional dbproashixad duryiny Rit i sslidzation
DQG D VPDOOHU SUHVVXUL]DWLRQ ARYZSDWWHHRIWNVLKIH SW RRVH PW L QR \WDWX | ¢, F
Additionally, they often include a relief valve specially like nitrogen and then pressurizing an enclosed space does
designed to minimize backpressure during the purge step reduce the risk of combustion, but it also introduces new
and crack open at pressures below L{dMhen the enclo-  safety hazards. Without constant purging, a leak from the
sure is pressurized. process equipment within the enclosure can lead to a buildup
Whenever a Z-purged enclosure is opened or loses of toxic gases and, ultimately, an exposure incident when the
pressurization, it is possible for hazardous gases to invade enclosure is opened by personnel. As such, purging and pres-
the enclosure. Since these gases eliminate the protections VXUL]DWLRQ LV RQO\ UHFRPPHQGHG LI
provided by Z-purging, a purge step is performed to expel the enclosure that could leak. Alternatively, it is acceptable if
WKHP 7R GR VR D KLJK ARZUDWH Rd pRopgdry\rrpleivantédipasbpurde\prac€irdliRestablished.
duced into the enclosure. The purge is maintained untila A post-purge procedure could be as simple as ensuring the
VSHFL,;HG DPRXQW RI LQHUW JDV 2 Apude Yiiit® &li@iatet purge fdpslcrvield oRtlafter
IRXU HQFORVXUH YROXPHYV 2 KDV A RsHAdBwh gh/iiRfdbe@ @Enié tReVEndiGsureXanit &olld be
more complex. It's important that the purge vent is routed to
D VDIH ORFDWLRQ VXFK DV D ADUH RU
detection methods are in place. Ultimately, the plant owner
LV UHVSRQVLEOH IRU GHYHORSLQJ DQG
of any safety protocols.
Fired or hot equipment. When a process must operate
DW YHU\ KLIJK WHPSHUDWXUHYV LW LV F
ment or high-temperature electric heaters being used to meet
this requirement. While excessive heat can be the cause of
several process upset conditions, it also presents an obvious
safety concern: hot surfaces. In general, insulation, barri-
ers, or guards can be used to keep personnel from burning
themselves, thus mitigating the hazard. However, it becomes
especially important to consider this hazard when plant
surface temperatures exceed the auto-ignition temperature
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WLRQ DYDLODEOH WR FRPSOHWH WKH ¢UH WULDQJOH 7KHUHIRUH RWKHU

measures must also be considered, such as:
e Zone(s) of exclusion ,Q VRPH FDVHV KRW RU ¢¢UHG HTXLS-

ment can be isolated from the rest of the plant. While this
FDQ RIWHQ EH GLI¢(FXOW JLYHQ WKH DIRUHPHQWLRQHG VSDFH FRQ-

straints typical of small-scale plants, it can still be achieved
with careful planning.
* Ventilation and gas detecion $ EHQH¢ ;W RI WKH VPDOO
IRRWSULQW RI WKHVH XQLWV LV WKDW WKH\ FDQ RIWHQ ¢W ZLWKLQ
a standard fume hood. If these hoods are equipped with
appropriate gas detection instruments, this combination can
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