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Abstract
Dry rooms are not "clean rooms" or "environmental chambers " While constant temperature and low particulate counts

may be a requirement, controlling the humidity levels necessary to meet the demands of today rapidly growing Lithium
jon technology and tomorrow's future technology present unique problems and skills which are currently in limited
supply. To complicate matters, failure to control the humidity can result in loss of quality, lower manufacturing capacity,
energy inefficiencies, and possibly catastrophic failures and personnel injuries. Lithium battery manufacturing processes
require low humidity conditions not unlike those found on the Moon or Mars. Designing and delivering a facility to build
large format batteries requires suppliers with special skills acquired from years of experience with very low dew point
installations.

Manufacturing lithium ion batteries is a complichtechnical process that has many challerges the least

of which is the requirement for all processingha tithium electrodes to be done under very low iditgnconditions-
typically below 26 RH or lower (- 35°C 0r40°C dew point) and must also be a low particutgiéronment On the
other hand, clean rooms (like those used in thecgerductor industry) arc actually designed to lesskthat the positive
internal pressure prevents any particle intrusido the space. These environments are typicaliyralbed to humidity
levels that are at leas0 times more humid than a typical dry room. To bettetrol the humidity in the processing
areasdry rooms (a hermetically sealed environment thaihtains very lovhumidity levels and provides particle
filtration) were developed that allowed manufagtgrio take place in an almost absolute dry envivemt For high
volume Lithium ion battery manufacturers, the dygm is likely the most expensive single piece gliipment' they will
ever design or install.

A handful of companies became very specializedyrraom design, materials technology and the supmpr
dehumidification equipment, controls and air disition systems. As with any developing technolthggre were
mistakes made and a steep learning curve in dgfemma then executing the design details. Workirtg lithium,
mistakes can be costly, and several of the eartyufagturing plants were badly damaged or destrbyedolent
lithium reactions caused from loss of moisture canh the working space (SAFE HANDLING OF LITHIUM
METAL by ESPIhttp://www.esp.i-metals.comltechffech%20Lithium%26t&l%20Handling.htin Depending on the
battery chemistry used, elemental lithium can lesg@nt and will react violently when exposed to exeny small
amounts of moisture (so low that it requires sgengirumertation to ezen neasre it), the consequences of not
managing moisture can be devastating - includiegpttitential to destroy the facility and its congent




More prevalent than the "meltdowns" were batterglitpiissues caused by dry rooms and HVAC systirascould not
maintain the consistent and precise environmeptadiitions that are required to assure a high qualénufacturing
process. Even slight variations in the humidityels during the manufacturing process can affextiftle life of the
lithium cells and the maximum storage capacity dwee. Early dry room providers learned how toigesnd install a
manufacturing environment that was safe, reliahtk@nsistent. These early systems, though som§umed
prodigious amounts of energy as the tradeoff tontaai the very critical environmental conditiond/ith time and
experience the dry room providers have been abiedce energy consumption by over 30% with nevpretary
dehumidification and room systems that are avaal#iday, options for regeneration of the desiccamd, by energy
efficient dry room designs.

The demand for lithium battery manufacturing faigf has experienced a tenfold increase durintpteighteen
months as a result of the convergence of severtirg fossil fuel price pressurgsnewable energy growth, electric and
hybrid autos and the proliferation of military fietlectronics. Availability of stimulus fundingoim the U.S. government
has also prompted a number of start-ups and jeintuves all launching at nearly the same time, @timg for this new
and expanding market sector. This has resultéaeimeed for many new high-volume lithium ion batteanufacturing
facilities with increased time and cost pressuneget these facilities operating quickly and effidly. The lithium
battery industry is highly cost competitive. Sinke dry room is a large up-front investment far thwner, there seems
to be a growing tendency for some new suppliecdfar their dry room product at significantly loweosts, in order to
win contracts. The experienced dry room supplerse avoided projects where time constraints, m@stsure or other
facility design issues could cause the design andtcuction of the dry rooms to be compromised, thod would not
allow them to guarantee their dry room performamesr the long term. Due to the surge in demangrfoduction of
large, high volume facilities, some new playersehamtered the dry room marketplace that have almied@erience in
clean rooms, environmentadoms or HVAC systems but have little or no diragtidom design and construction
experience. Some have reallocated the resouraegghld to design semiconductor clean rooms (Whialdeclining
market) to try to penetrate the growing dry roontkea They face a steep learning curve, similavtatthe now
experienced dry room providers faced when theyredtdhe market 20+ years ago. However, unlike freidecessors,
mistakes made now would have a much more profoegdtive impact as the size of the planned faclities
significantly larger and the amount of product efiéel by a single event is far greater. Mistakesdeisign or installation
in turn can create major problems for the ownetheffacilities, including poor battery qualitydieced capacity,
production downtime, energy inefficiency and even pbércatastrophic losses.

The costs for mistakes and poor performance ard mgugater now because the lithium ion battery mastufing plants
being built today are very large with very highdés/of production. These are not pilot projectstiue high volume
manufacturing facilities that are semi or fully autated where even a slight problem with the drynr@erformance will
have a significant impact on the quality and qugrmtf batteries manufactured.

Therefore a umber d importart and critical requirements neetb be considered when selecting supplier(s) to deliv
your successtil dry room project:

« Stat with anexperienced sipplier who has tk abiity to design and budla large, high viume dry room(s) to meet your
required specifications. The prime supplier waalkb be able to help you to understanddbst -benefit options for
incremetal performance pints.

* Insure that the dry room supplier guaranteep#rrmance of the entire dry room as a systentdirng the walls,
ceilings, floor coatings, doors, HVAC, lighting,nteols and all external penetrations.

* Select materials and wall and ceiling constructiat will integrate well and will satisfy locali#hority approval
as well as fire rating, look and feel, etc.

* Build in a level of redundancy with a practicapaoach to its application. For example, some amotiredundancy is
necessary to allow performance of routine mainteeam the dehumidification systems, particularlhé operations are



24/7 or if there is a significant loss of powerttbauld impact a large volume of productioBeparating the
dehumidification system from the airborne partidieation system might be a more effective apptotiat allows
redundancy and a simpler path to upgrade for futaesls.

* Instrumentation systems are just as critical gtmmlild integrate all the control and monitoringdiions of your dry
room into a single package that is reliable, adeusad provides important information to the opanabf the dry room.

» Maximizing energy efficiency will significantlyeduce the long-term operating costs of the dry raachyour entire
facility. Dry-room providers should be requiredptmvide a detailed energy analysis for the drym®) as part of their
package as well as offer equipment options, suchuds-mode HVAC system controls.

 Consider constructability, logistics planning agplier's track record with difficult or uniquestallations. The
successful vendor should be able to demonstrateetowner via shop drawings, submittals, projebedales, risk
management plans and experienced on-site institlarfiave "been there, done that" before. Fiedthilation is not the
time to “figure out how to do it".

» Develop a long-term preventative maintenance filahaddresses the critical nature of the dry regstems and
will ensure continued functionality at design cdiwhis for its entire life.

Additionally, several critical parameters need éoddined when specifying a dry room:

* Process requirements: temperature, dew poamticles, exhausthemicals, ESD, fiture needs.

» Peopldoad andshift timing: acess/egess, matdal, equipment movement, level of automation, shifiets/breaks.
» Machine loads: heat, exhaushemicals, noiskevels,auomation, peretrations for utilities.

» Energy consumptiorHVAC, lighting, utility costs variety of available utities (electricity, gaschilled wate, steam)
» Recovery requirements after an eveatiundancy, backup powehilled water.

* Controls integration (dehumidifier, refrigeratja@r handling, and building automation).

* Cost of malfunction or downtime: training, pestive maintenancdield sewice.

* Building integrity occupacy classfloor condtion, ceiling loads existing utilities, grounding.

» Externa ervironment: climate, log@ codes, sismc zone accesdo vaious utiity providers.

* Managing changeighter specs, lower operatj expenses, modular design.

* Integated design and delivg including spec alidation, commissioning, formal acceptance validatiining, field
service and services after trates

In summary, high volumbthium ion battery manufacturing requires one of the mosicatly controlled process
environmeis in orde to be successfulThelearnng curve is very st@and mistakes can be costly in terms of product
quality, productivity and energy costnd can result in severe damage to the equipmerinpmiesto warkers. A wise
course is to work with dry room providers whdlinclude all of the necessary services and algo provide the support,
training and track record of long-term success in not td-design, but the full integration, delivery and oimgp
support of your largest equipment investment.



