Misguided sense of security on Data Centre avdithabi
when FIRE PROTECTION is not addressed

*LD Durand and HC v Z Pienaar

The persistent increase for superior availability 6

data centres is constantly adding pressure on the

selection and application methodologies for technogy,
applicable to both IT related and support systems.
Given the proposed configuration of electrical systms to
produce higher availability, as promoted through the
Uptime Institute’s ‘tier-level’ principles, research has
shown that 25 percent [8] of reported down-time istill
credited to failure on the part of these electricabystems.

The perception that the application of ‘dual’ electical
systems in itself will increase availability of a dta
centre’s electrical reticulation is misleading andargely
untrue. Upon close examination and fire incident
scenario identification, it is evident that these dal
electrical system architectures (tier-levels Il ad 1V)
are still inundated with hidden single points of faures.

This paper describes fire protection measures to
address these hidden single-points of failure. Itsi
therefore stated that, where sufficient fire protetion is
not provided, the perception of limited or no singé-
points of failure on the part of the electrical pover
supply will result in extended down-time of the erite
data centre.

Index Terms — Availability, Data Centre, Fire
protection, Mission-critical facility (MCF)

I. INTRODUCTION

end-user availability expectations

If AFCOM's' 1% and %' predictions [1] are seriously
considered being a possibility, the mere thouglerebf
should be a valid concern for data centre operahois
facility managers. In addition to AFCOM’s predici®)
similar research by Site Infrastructure [6] hasedeined
that over 50% of these failures occur within thée si
infrastructure domain, and more than 60% of allufais
are attributed to human activity [4]. These results
(published in 2006) indicated that 25% of all de¢mtres
will experience a failure that will affect such coamy's
ability to perform business as usual [1]. AFCOM has
further predicted that up to 90% of all companiesyrstop
its data centre operations as a direct result afiepo
failures, power restrictions or shortages.

Two important facts are derived from the above
statements and predictions: (i) that companies have
source additional and alternative means of powed, @)
these power sources are likely to contribute tohaig
individual fire loads and ignition sources. The sfien
therefore is: How many of these failures can betatted to
the lack of fire protection systems provided analytmany
failures are as a result of it being provided, sashthe
automatic shut-down of CRAC units?

Il. VALUE STATEMENTFORDATA CENTRES

In the modern business environment, Data Centres ar
probably the most common example of a missioneaiiti
facility (MCF) [2]. Because fire protection for nsisn-

argritical facilities is generally perceived to be@mplex and

ecause
Bcontinuously increasing, the need to improve moderghallenging topic, it is critical to appreciate tradue of the

data centre operations are increasing at a simater This
results into exceptional high business
requirements with business interruptions becomingne
less tolerable. In terms of many

facility in order to attain an elevated sense ohmamness

continuityowards fire protection requirements. For this msg) the

primary value of a typical data centre is definedtivo

‘Service Levelvays: (i) asset value; and (ii) business continugtiyie (also

Agreements’, it is generally inexcusable, and insmoknow as ‘Operational value’).

instances severely penalized from a financial pEatbge.
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Ill. DATA CENTRESAND DESIGNCODES

Life safety is and will always be a mandatory
requirement, but since regulatory code compliarozs dhot
sufficiently address the abovementioned value istere for

Fatsimi data centres in terms of fire protection, provisfon life

1 AFCOM is a non-profit organization consisting @fta centre
managers, solution providers and industry leadeys) fseveral

Fatsimi independent data centre providers across the gidhese charter

it is to identify and examine issues affecting epiens of data
centres.



safety should be considered as a separate issue. Bhsence of fire protection measures towards theiomis
impression that fire protection to modern data rentan critical electrical reticulation and distributionyssems,
be achieved only through strict enforcement of gnipive  inclusive of the protection to the emergency stgnutiwer
codes-based standards and guidance from local ritigeo generators. With the exception of only a few of tteda
may be a costly mistake. These methods do indeeslitea centres researched, all claims to maintain avdiialof
place in simple environments and common workpldoes, 99.982% (therefore equal to the Uptime Institutes-level
for modern data centres, the complexities in sacflifies” 1ll), not one data centre specification mentionedvjsion
operations necessitate that traditional fire pitodec of dedicated means of fire-rated compartmentatioin the
measures be applied in a more innovative manner apparent omission thereof clearly in direct conflidth
produce the required levels of fire protection. requirements listed in the TIA-942, NFPA75 and B&&2
Given the 1 data centre value statement being ‘asset The question can be raised whether the omissicuidi
value’, and that many regulatory building codes rdui fire protection measures from the published speadifoins
allow for asset protection [5] as a compliance dbje, was deliberate or not?
other “industry accepted” but non-prescriptive skamls Regardless, this research has yet again highligtited
need to be consulted. In such instances where asseed to implement a uniform design approach thdit wi
protection is omitted from regulatory codes, measuto address fire protection measures based on a confouion
provide for asset protection are left to the fagidiwner and singular philosophy directly aimed at the required

its insurers to address. performance parameters for a specific risk.
Certain regulatory codes, such as the BS6266 and
NFPA75 [3] (through adoption of the TIA-942) [7h & V. DATA CENTREDESIGNPHILOSOPHY

limited extent, do make provision for asset pratect
Ultimately, it is each designer’s responsibilityfamiliarize
him or herself with the building codes applicabtethat

For the purpose of meeting the stated data cemtieev
objectives, the following design philosophies were
developed as a direct outcome of the author’'s rekea

country. These philosophies are:

With regards to the " data centre value statement, 1) limit the possibility of the ‘out-break’ of a fire,
research has shown that there is no regulatory tuoale 2) limit the content of combustible material,
addresses business continuity as a compliance tiokjec 3) provide ‘early-warning’ notification of fire,
Therefore, and despite any fire protection meashed 4) provide f-defense fire equipment,

might be provided towards life safety requiremeiitss left 5)

to the fire protection engineer to motivate and cépe 6)

additional (if required) fire protection systems gatisfy

both asset protection and business continuity tiegsc In practice, the logic in applying these fire pooien
The cross-functional integration and emergenckghiIOSOIOhies i's as follows:

operational procedures is yet another concern whiight

pose significant challenges towards meeting theteglo 1) Limit the possibility of the ‘out-break’ of a fire

provide fixed fire suppression systems, and
provide fire-rated compartmentation.

availability expectation. Efforts to limit the outbreak of fires can be acltig by
influencing operational processes on site. Thipdssible
IV. FIREPROTECTIONTRENDS through a combination of safety instructions, staff

With the author having performed research on sévergompetencies and specified responsibilities, inéive and
international data centres, specifically evaluating level ~Prohibiting signage intended to raise awarenesgjanéral
of fire protection incorporated therein, significamends Preparedness (or incident prevention) initiativesd as
were established. These trends suggest that normmif solely the responsibility of the data centre opzrat

approach was followed since the level and type i f 2) Limit the content of combustible material

rotection provided on a facility specific basisried . .
Eignificantlyp y P In an acknowledgement that fir&8ILL occur, a fire’s

It further become evident that the choice of ﬁré'ntensity can be reduced by limiting the quantity o
protection technology applied appeared to be based combustible n_1ateria|._ This effect_ive_ly invc_)l_ves tresmoval
regional (continent and/or country) preferences.eThOf non-essential services from mission-criticalaatéNVhere

preferred choice for extinguishing medium in gasefie t_he installation of combt_JstibIe material is unam)'té and
suppression systems in Europe, for example, peﬁerrl'kew’_as would be applicable to de_tta C?”‘T?Sh“@'.be‘
“Inert gasses” (IG-55 and 1G-541) over chemicaldohas specified to r_lav_e the lowest possible !gnmon ity
mediums. In the United State, however, chemicadedbasand surface fire index values, and drastically cedulame

extinguishing mediums such as FM-200™ andpropagation characteristics.
NOVAC1230™ appear to be the preferred choice. 3) Provide ‘Early-warning’ notification of fire

There also appears to be no scientific-based reasonypije acknowledging that a fire will occur, despites
towards the preference between traditional poipéty gj;e ang intensity of a fire being reduced, it iigi@al to
detection over VEWSD (aspirating type) systems, rehe yecopt that there will always be combustible mated fuel
both system types are installed on a typical dyates fies  This realization is subsequently the ultienat
(2N) principle. The Australian-based data centres witee |\ tivation to be aware that a fire is immanent amekn

only facilities utilizing only VEWSD technology. more important that emergency response personrel ar
Evidently, the most significant trend observed Wa8 |,5de aware that a fire is in its inception phase.



Given the nature of human behaviour, buildingequipment (to close) must be initiated prior to #fceuation
occupants and emergency response personal musade nof any gaseous fire suppression system.
aware of such fire occurrences by means of notifinathat
is principally independent from human interventiblence, VI. SOURCESOFELECTRICALFIRES
the provision of automatic smoke detection is caiti In With various publications pointing towards elecitic
addition and taking the chemical decomposition @86C gystems and components as the most likely sourfieedh
taking place as early as the incipient stagesfoéaand 10 ya¢4 centres, it would only be fitting to briefigdzess this
limit damage as much as possible, very early W@ ,qential source. Based on the above, it is undedstble
essential. _ _ _ _ _ that the highest number of fires are caused astat ref an

This, in some instances, is achieved in the formoufit-  gjectrical system or component failure that origgsadue
type and/or VEWSD systems, and despite the variémce 1o (i) short-circuit conditions: (ii) over-curremonditions:
its sensitivity it usually operates on a simil&N ) incorrect discrimination and cascading; (vrmonics
redundancy principle than the electrical systems. that are not corrected; and (v) transformer failure

4) Provide F-defense Fire Equipment In terms of short-circuit and over-current conditp

Zalosh [9] established that multiple failure coralis must
exist to cause a failure on dual electrical systeeng. the
simultaneous failure of a circuit-breaker combinsidh
conditions of over-current, or an over-loaded cable
combined with short-circuit conditions. When a pation
device (circuit breaker) fails to isolate power glypto the
affected reticulation medium, it will cause instafite
ignition of the isolation material, or worse, vaijgation.
This leaves the affected reticulation medium (Coppe
Aluminium) bare and normally causes further shondegt
conditions to the unaffected reticulation network.

In extreme (simulated) cases of overload condititne
5) Provide Fixed Fire suppression systems cable insulation has been reported to vaporize. Sdmae

In the event where the above efforts of ‘humamesearch [9] has also shown that, if an ignitioorse is
intervention’ were unsuccessful, therefore growingsize Present when vaporization of cable insulation cscut
and intensity, or upon conditions where there wece happens across the entire length of the cable eoitlipes
response to the initial smoke/fire alarm, automatéans of an extended flammable vapor-air mixture around such
fire suppression must be provided. This is normaligable. In these circumstances, flame propagatioouth
achieved in the form of fixed (automatic) fire supgsion the vapor-air mixture occurs at rates two orders-of
and extinguishing systems. In some instances, #sthe Magnitude greater than those for diffusion flame
detection systems, these systems may also follo@Na Propagation — this is basically instantaneous igmibver
redundancy principle. the length of the cable and all combustible malténighe

The f' system (gaseous systems) will have the potentiiipmediate surroundings of such cable.
to suppress ignition while still in its incipienhase, thus ~ Based on independent tests conducted on cablg tires
preventing an actual (flaming) fire. With th&xystem hormal diffusion flame propagation patterns forihontal
being a derivatives of an automatic fire sprinkégstem, cable trays recorded a maximum flame spread of 3m/m
and intended to extinguish an actual flaming fitts ~ With the average flame spread ranging from 4 to8un,
primarily focus is to limit fire spread and to peot the depending on site condition, cable type, the nunavet
building from major structural damage and subsetueROSition of cable trays and individual tray loadirfgor

Assuming that notification of a potential fire halsrted
the building occupants and emergency response rpdrso
immediate but appropriate action must be initiated
extinguish, or at least control the fire. This whuhs a 1
line of defense, be by means of tifedefense portable fire
equipment provided throughout the facility in actamce
with relevant minimum statutory requirements. Thiil
create an opportunity to limit the effects (sewgrivf the
fire and should contribute to reducing the generatdf
combustion by-products such as smoke, hot (coniibejsti
gasses, acidic (HF) and corrosive (HCI) fumes aapbw.

possibility of collapse. vertical cable trays, the measured flame propagatb
o ) Im/sec is significantly higher. It is further impant to
6) Provide fire-rated compartmentation note that maximum vertical flame propagation was

Regardless of any reliability perceptions over fireletermined to spread the fastest under forced la&nti
systems, the consequential damage of the firewodimefr be conditions.
reduced by means of dedicated smoke and fire-ratedFires in cabinets/servers develop slower, but deash a
compartments to: (i) isolate the fire affected gyeaventing peak heat release rate (HRR) of 800-1300 kW (aéugrih
the spread of fire; or (ii) to protect adjacent sioa-critical tests) with about 50% of the cabinet’s internal teah
areas from the effects of the fire; or (iii) to fwct the involved [9]. The measured HRR normally occur frbfto
redundant ZN) system configuration of essential suppor27 minutes after ignition. In these conditions, atot
services such as the emergency standby generatbrdual obscuration of visibility (% visibility/m) is reaell as early
electrical supply paths. as 6 minutes from the time of ignition in an (resb&est)

Owing to the physical operating environment of somenvironment where the ceiling height measured 5.5 me
mission critical ICT equipment, certain equipment'snaximum temperatures of the combustible productgié
efficiencies are dependent upon high airflow cdod&. the cabinet were measured at 660°C.
For gaseous fire suppression systems to be e#ectitairly A further concern identified was that cabinet wall
airtight environment is a requirement. In theséemperatures can become sufficiently high to igoables
circumstances, actuation of fire compartmentatioagainst the wall of an adjacent cabinet. It is ¢fme



concluded that the fire may spread horizontallymfro
cabinet to cabinet from as early as 11 minutes &jtetion.
A further concern was identified where fires inunty PVC
jacketed cable insulations causes formulation ohlaride
layer (after Zink Chloride formed from the reactiohHCI
with transistor chip coatings) on the circuit bagrdausing
further short-circuit conditions inside the cabinet

VIl. DESIGNPARAMETERS

In order to facilitate an objective driven desigiusion,
a properly drafted design brief (facility perforntan

2) Limit the content of combustible material

In actively designing-out and managing the combiesti
content and flammability of any building element or
equipment installed, both the intensity and sizéheffire is
reduced since no additional, or significantly leggition
sources and fuel are added to the fire other tharotiginal
material involved during ignition.

The actual quantity of material having a fairly tig
combustible content, e.g. IT and communication
equipment, network and power cables need to be gegina
effectively to address concerns regarding its

expectations) is of the utmost importance. Minimunanticipated/proposed use (wrt its mission-critiparpose),

expected down-time (in %) must be clearly speciéiedhat
will directly impact on the site infrastructure gt
systems, specifically that of the electrical and A®/

positioning, routing and distribution,
protection strategies.
Efforts to limit the (exposed) combustible conterfita

separatiomda

systems. Specific legal and industry “Best opetatindata centre must be addressed through a mateléatise

practices” and standards should be included inlitief as
compliance thereto also has a direct and significmst
implication both from a capital and operational exgiture
perspective. A further important criterion that mue
included in this design brief is the expectationwards
compliance to and with environmental protocolsamtis of
‘greenhouse gasses’ and other contributing fa¢twards
global warning.

Obviously, the data centre’s criticality rating sk
category must be determined and agreed upon pritnet
issuing of the said design brief to enable a unifatesign
approach for fire protection. An approach similarthe
method described in the BS6266 should be develaped
implemented by the data centre owners to deterrtiire
facility’s risk category since the rating determdnarough
a formal process normally influences
requirements and must be aimed at a facility's ifipeisk
profile and operational requirement.

The design solution, in following the objectives tbke
proposed design ‘philosophy’, (from paragraph Vi dze
addressed by applying the criteria as discusseowbil
more detail:

1) Limit the possibility of the ‘out-break’ of a fire

The responsibility to ensure an acceptable leveiref
“prevention” resides solely with the data centrenewand
its employees, or duly appointed agent. The folhgpitems
serves to elaborate more on these issues to whéhwner
must take cognizance of and implement as far aonedoly
and practically possible. From an engineering pegisye,
it is not advisable to assume that the owner wilblyp
reasonable practice in terms of site managemeittraay

lead to the installation of sub-standard infradue
support systems, with insufficient configuration dan
redundancy.

process to ensure the least possible combustibierialais
present at any given time, provided the facilitypjserated
and managed in accordance with the following deter
(i) removal of redundant electronic and other
communication equipment;
(ii) prohibit/limit the use of combustible furnitey
(i) provision of steel lockers and cabinets fasential
product manual,
and
(iv) prohibit non-essential administrative
within mission-critical areas.

functson

3) Provide ‘Early-warning’ notification of fire

Conventional building and systems specifications
primarily address detection of fire from a life etgf

availabilityperspective. From an asset protection and business

continuity point of view, this practice may be irgeeted as
a common oversight given the probable damage drabe
caused to critical assets supporting the physipatations
of a data centre. From a (design) philosophy pointew,
the provision of appropriate detection is to endbke data
centre manager to be timeously informed to proatlstiv
prevent, act upon, and minimize the effect the Goald
have on the facility’s availability.

Point-type smoke detectors are ‘passive’ in naiturat
they rely heavily on the thermal-lift characterstiof hot
smoke (gasses) to rise to the ceiling, therebyirrglpn a
dense enough smoke plume to permit detection. @i hi
airflow conditions, such as in data centres, theseke
detectors are less effective and reliable. Furtioeemthe
temperature of the smoke generated during the igrdip
phase of a fire is quite low, failing to achieveramuired
thermal lift necessary for detection, while not reve
considering the influence of dilution with cooleid-a

Traditional methodology and thought processes agpli

As part of this practice, the following plans andesulted in the CRAC units being shut-down. Modern
procedures can be considered to be implementeddewaservers however require continuous cooling for tlaa

guidance in preventing fire ignition these are:
(i) afire/lemergency incident action plan;
(ii) procedure for safe working conditions;
(iii) a workplace waste management policy;
and
(iv) a general house-keeping policy.

centre to remain operational. The Uptime Institstzted
that a server with the dimensions of 0.61 m by Gri76an
produce up to 10 kW of heat. When considering gepted
heat load of 5.0 KW per server rack, critical stoivn of
the server is expected to occur after about ficersgs from
the time positive cooling is discontinued. Sinceathe
production can be as high as 10 kW or more pereserv
rack, according to the Uptime Institute [7], criichermal



shut-down can occur in less than three secondsnfiance
data centre availability, it should become commuosciice
not to wire CRAC units for auto-shutdown during geal

systems.
The requirements and provisions of the Environmnienta
Protection Agency (EPA), the Significant New Altative

fire alarm conditions but only under special and-pr Policy (SNAP), the Montreal and Kyoto protocols ahe

engineered alarm conditions that occur within aciioe
operational environment.

Aspirating type VEWSD systems are ‘active’ in thiay
constantly sample air from multiple points throughthe
environment. They are not dependant on thermabgrfer

resolution from the 2007 Bali conference, should be
adhered to on a non-negotiable basis through policy
making.

Due to the possibility of arcing of over-loaded leab
causing re-ignition after the extinguishing gas has

smoke transportation. Furthermore, these systemd ledissipated, serious consideration must be givenavoually

themselves to much more efficient siting since Itzyi
sampling tubes that can be installed directly ia plath of
the air-flow pattern and in some instances, in shever
itself. Apart from the obvious advantages from aliog
perspective, air-flow patterns common to the ‘HotC&ld

de-energize the electrical systems specific andcdestl to
the affected equipment. As a result, provisionléoalized
“Emergency Power Off’ (EPO) switches must be maahel
where so provided, must comply with the NFPA70:
National Electrical Code and the TIA-942, sectia®.®.4.

Aisle’ principles must be applied as a fundamental As alternative to ‘total flooding’ systems, locai

approach as it increases the VEWSD system’s dfiigieln
addition, air-flow patterns are important wheresation to
the actual server configurations relevant to thelicg
principles should be applied.

The point-type detection system can however beedewboards and controllers,

application system technology is also available.eseh
systems normally do not require additional eleatrior
plumbing connections to operate, which makes therfegt
for new construction, retro-fitting and electrichs$tribution

but less suitable for tele-

as a backup to enhance the availability of the smokommunication and server cabinets due to the ‘engrio

detection function, but is not essential. It is rdiere
recommended that both system types be considanethdt
preference is given to the aspirating type. Thegdesf

or ‘free-cooling’ principles mentioned earlier.
Despite many reports suggesting that water as an
extinguishing medium in data centres is to be aaaid

these systems must, when selected to be instafied resulting in equipment damage, downtime and loss of

isolation or in combination, be designed in accocdawith

revenue as well as the possible electrocution of

minimum design parameters and detector spacindy asic tenants/staff, automatic fire sprinkler systemsaadidition to

the NFPA72 and BS6266.

4) Provide f-defense Fire Extinguishing Equipment

Hand-held fire extinguishers of the correct type aize
appropriate to the risk must be provided as spekifin

the gas suppression systems must still
considered.

With water having a direct influence on the avaligb
rating of the electrical systems and power supplyacity,
and therefore, the data centre in total, severd¢tysa

be seriously

relevant building codes. Fire extinguishers of tt#® measures are to be incorporated through the desigess.
chemical powder (DCP-stored-type pressure) andocarbrhis shall include, but not limited to, the prowising of
dioxide (CQ) types are the norm in most instances. DCBre-action actuation principles based on a normatiy
type units must be appropriate for the specifik,vgith the  pipe system configuration with methods to manually
extinguishing medium to be a multi-purpose powdepperate and mechanically ‘power-down’ all IT andada

suitable for classes A, B and C fires. This typeuait
should not be installed in the IT Server/Data Room
Control room, instead, GQype units must be installed.

Final positioning will normally be determined onsi¢e
layout drawings are finalized and shall incorporaié
relevant signage.

5) Provide Fixed Fire suppression systems

Where redundant duplicate system technology isiegpl
the primary system is intended to extinguish a firdts
incipient phase whereas the secondary systemeisdet to
perform a dual role of suppressing and extinguighime
fire and to protect the facility from structurailtae. With
relation to the protection requirements in accoodawith
the philosophy, these fire suppression and extsigng
systems are regarded as essential to dperational

equipment in the hazard area. The method of ‘paesm’
must comply with NFPA 70: National Electrical Cogled
the TIA-942: section G.5.1.4.

6) Provide fire-rated compartmentation

Since no system on its own is totally reliable,hwihe
potential to fail an ever-present possibility, ddesation
should be given to the resultant risk created i ¢lent
where such system failure does occur. As a lastredtive
to minimize the potential of the data centre toalfected
severely enough to cause failure, mission-critina@las and
services are to be compartmentalized into specifiles
rated zones to isolate them from the effects &f ifir any
other area or, to protect the duplicate configoraif the
support services, such as generators, dual el@ctipply
paths and cooling equipment in order to maintain

continuity of the IT server/data room, the essential SUppPOkherational continuity for as long as possible.

services, as well as the rest of the facility iSpecified.

In order to reduce maintenance and operating eoeds
to reduce carbon dioxide emissions in pursuit ohere
environmentally friendly data centre (so-callede'gn’ data

In providing fire separation between the criticapgort
systems as mentioned above, it directly contribtdesn
earlier proposal to manage the fire impact. In ptddimit
the effects of a fire, or by limiting the area spesed, the

centres), ‘economy-' or ‘free-cooling’ has become &§mpact of the fire is reduced, thereby minimizing o
common phenomenon. This has unfortunately a diregbtentially eliminating the possibility of down-tan This

impact on the selection and application of firemegsion

approach effectively introduces the concept of Saiall’.



Apart from concerns regarding possible electro-netign [5]
interference, but based on ‘cable-vaporization'simkties,

IT and communication cables must be physically sepd
from the electrical reticulation and distributioystems.

All communication equipment and IT areas should
further be supplied with air-conditioning systentsielr are [6]
totally separate from those systems supplying afmgro
occupancy within the data centre. With relatiorthie data
floor, it is recommended that the air-conditionsygtem be
dedicated to that area, with all air handling emept
(CRAC’s) preferably housed inside the cooled déatarf
thus eliminating the extensive use of ducts thaimadly
penetrates fire-rated separating elements. Fresintake
supplied in pursuit of ‘free-cooling’ objectives,ust then
be supplied with a means of an automatic closingg]
device/dampers upon activation of the gas supmmessi
system.

Essential services must be fire separated from et
and the data floor in accordance with a risk deieimg
process to ensure that if one of the duplicateiees\vs lost
due to fire, the other will continue to operate fiered.

[7]

[9]

VIIl. CONCLUSION

In closing, the opening statement is reiteratedhiat
failure to address fire protection to a level comswate to
the facility criticality and specific risk, one eftively fails
to address potential and extended (if not permariacitity
down-time. Therefore and based on the preceding
discussions and other factors, with all informatiaken
into consideration for developing the input speeifion for
a comprehensive fire protection solution, a hdlidire
protection philosophy must be applied.
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Formal qualifications obtained through-out his eare
are: (a) National Diploma, Fire Technology, Preiori
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