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espite awareness campaigns, industry statistics and loss summaries, annual safety conferences and numerous industry associations
driving the safety message, we still more often than
not take a reactive rather than proactive approach to
electrical safety.
I am not pointing fingers or sermonizing because I was
reactive, and I did not take electrical safety as seriously
as I should have until we had an electrical fire. Around
three o’clock one morning my son came into our bedroom and shouted that his bedroom was on fire. We
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rushed out of bed, saw the flames for ourselves (by
which time the solitary smoke detector on the upper
level decided to sound), woke the other two younger
children, made our way downstairs and I called 911
while my wife put the kids in the car. A few moments
later we were all safe, watching our house burn and the
firefighters doing their job admirably.
children had received some fire safety education at
school and so we had a defined escape route but beyond this we were not adequately prepared for such an
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Figure 1. Risk Control Hierarchy
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course, options for eliminating the risk. We
had a new electrical panel installed with AFCI
(arc-fault circuit interrupters) for all bedroom
circuits; we had all of our electrical outlets replaced and our aluminum wiring updated with
copper tails; and, finally, we implemented the
simple but effective step of unplugging anything in the bedrooms at the end of each night.
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allowed us to avoid any further incident. With
a little foresight and being proactive instead
0
of reactive, this investment of $2,800 would
100-199 200-299 300-399 400-499 500-599 1m-1.9m over 2m
0-99
likely have avoided the fire, the inconvenience,
Figure 2. Ground fault losses
the replacement and rebuild cost of $24,000. If
event. Sure, we had smoke detectors on each level of only I had viewed the $2,800 not as an expense but as
the home and one fire extinguisher, but this was sorely an investment in avoiding a greater issue.
Unfortunately, we remain reactive in industry where
ing issue that led to overheating of a lamp resulting in the losses are even more significant and the frequency
ignition of insulation material, and we discussed with of electrical fires higher, and whether we are the safety
the fire department corrective action that we could eas- officer, the operations manager, the facilities engineer,
the CEO or an insurance associate, we can and must
ily undertake.
Damage was minimal at $24,000 but by far the change our approach.
bigger impact was the inconvenience of spending
twelve weeks living in a hotel, filling out insurance
Impact of both direct and indirect costs
form after insurance form, hunting for receipts to
One leading U. S. based insurance company notes that
validate date of purchase and amount so that claims
over a 7-year period their clients reported 228 losses
could be processed, buying new clothes and trying to
that were attributed to ground faults, resulting in payreplace personal items.
Once we returned to the repaired home, we installed
smoke detectors in every bedroom; we installed car- the commercial sector, hotels, universities, hospitals and
bon monoxide detectors on every level; we strategically shopping malls at an average cost of $830,000 and 156
placed fire extinguishers on every level and we once occurrences in manufacturing locations with an average
again reviewed our fire escape plan. It was then that I cost of $769,000.
At the same time, we have statistics that suggest that
came across an article on Risk Control Hierarchy and
in
North America there are 5–7 arc flash incidents per
realized that while the steps we had taken were all valid,
day
that require hospitalization.
they were aimed at protection not prevention; they were
A
review of the costs shows the impact of both direct
aimed at reacting quicker and more effectively to the
and indirect costs. On the direct side are the costs asnext incident
sociated with equipment repair and replacement as well
protection, as did the fire extinguishers; the practice of as the direct medical costs associated with injuries. On
no extension cords or extension plugs as a safe practice the indirect side, we see the cost of business interruption
provided an administrative response of being safer and in terms of unscheduled delays, employee training and
avoiding overheating; the continued practicing and redeployment, accident investigation, legal costs and
establishment of escape routes provided an awareness possible fines, etc.
of how to react, but none of these actually prevented
Quite often the impact on business interruptions and
another event from occurring. I had spent $100 on ad- the indirect costs significantly out weigh the direct costs.
ditional detectors, etc., to react quicker and more effectively but had not implemented one real change that “During the five-year period of 1994 through 1998, an
would avoid the next electrical fire. We then started to estimated average of 16,900 reported industrial and
look closer at the idea of more effective electrical pan- manufacturing structure fires caused 18 civilian deaths,
els and outlets, lowering or substituting our risk and, of 556 civilian injuries, and $789.6 million in direct prop5
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erty damage per year.” From this we can estimate that
the average equipment and property damage from an
electrical fire is $ 46,700.
There is a significant human cost to electrical accidents, and arc-flash victims may suffer from chronic
pain and scarring. Workers may also have difficulty
re-integrating into the community and may experience
anxiety, depression, or other psychological symptoms.
The social and economic costs may also be high. Workers’
compensation pays only a portion of lost wages. Some
workers may not be able to return to their pre-injury job.
Employers bear the costs associated with lost productivity, reduced competitiveness, and employee rehiring and
retraining, as well as being subject to increases in workers’ compensation premiums.

Published data from Washington State Department
of Labor and Industries notes that from September
2000 through December 2005, 350 Washington workers were hospitalized for serious burn injuries occurring at work. Of these, 30 (9%) were due to arc-flash/
blast explosions. Total Workers’ Compensation costs
associated with these 30 claims exceeded $1.3 million,
including reimbursement for almost 1,800 days of lost
work time. From this we can estimate that the indirect
impact in terms of personnel costs for an electrical incident average $43,000.
Business interruptions due to unscheduled downtime, repair, spoilage, etc., varies by industry with per
hour costs ranging from $15,000 per hour for automotive companies to $24,000 per hour for mining and

Figure 3. High voltage sign
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metal companies to $90,000 per hour for airline reservation companies.
When we add the equipment and property damage
estimates to the personnel costs to the business interruption costs and then add possible OSHA fines and
other indirect costs, it is quite easy to total in excess of
$500,000 per incident, in line with the experience of the
major insurance company detailed above.

Protection versus prevention

So why then do we start electrical safety with a focus on
protection rather than on prevention? We quite readily
invest in and offer safety awareness training, we purchase and post warning signs, we insist on safety goggles
and gloves and perhaps even PPE (Personal Protective
Equipment), but we do not invest in prevention and
take the steps necessary to eliminate or reduce the likelihood of an electrical incident.
The most common grounding method in use in
North America for both commercial and industrial facilities is called solidly grounding; in this method, the
neutral points have been intentionally connected to
earth ground with a conductor having no intentional
impedance. This partially reduces the problem of transient overvoltages associated with ungrounded systems
as was the primary reason for the growth of this option from the 1970s onwards. However, this grounding
method has the highest incident level of arc-flash events
and electrical fires. There are estimated to be around
60,000 industrial facilities in North America that operate ungrounded and 210,000 industrial facilities that
operate solidly grounded despite the higher level of risk.
The least common, but safest, grounding method
in use today in North America is resistance grounding where a resistor is connected between the neutral of
the transformer secondary and the earth ground. The
reasons supporting this option for electrical grounding
can be found in several IEEE (Institute of Electrical and
Electronic Engineers) reference guides.

Figure 4. Lightning sign

idly grounded systems, since the fault current is limited
to approximately 5 A. Another benefit of high-resistance
grounded systems is the limitation of ground fault current to prevent damage to equipment.

There have been technical advances in the detection and
mitigation of arc blasts in terms of current-limiting fuses,
thermal ionization detectors, optical arc detection relays;
and these, in addition to resistance grounding, offer an engineering approach to reducing the risk and substituting
the risk with a lower level of risk, and yet they are little used
either by the consulting or engineering community; nor
are they requested by safety officers or facility managers;
nor are they promoted by the insurance industry.
The cost of investing in prevention technology ranges
depending on the size and complexity of the operation
being protected and is likely from $15,000 to $100,000
but in all instances far below the $ 700,000 cost impact of ground-fault losses experienced by one leading
insurance company. The likely payback in investing in
prevention technology is for sure less than 1 year and
IEEE Standard 142-1991 Recommended Practice
more likely 1–6 months.
for Grounding of Industrial and Commercial Power
There was a recent electrical fire at a recreational
Systems
facility that resulted in consequential damages of $1
1.4.3 The reasons for limiting the current by resismillion, mostly in business interruption costs; and as
tance grounding may be one or more of the following.
To reduce the arc blast or flash hazard to personnel the forensic engineers and insurance investigators conwho may have accidentally caused or who happen to be ducted their review, the focus was on product failure
and who was to blame. They reviewed all aspects of the
in close proximity to the ground fault.
electrical equipment that was specified and installed,
IEEE Standard 141-1993 Recommended Practice for including settings and commissioning reports, but not
once did they stop to ask themselves if the decision by
Electric Power Distribution for Industrial Plants
7.2.2 There is no arc flash hazard, as there is with sol- the consulting engineer to specify a solidly grounded
www.iaei.org

May.June 2010 IAEI NEWS

5

ELECTRICAL SAFETY – IT IS TIME TO GET SERIOUS!

system was a contributing factor. Industry data advises
us that this is the grounding method with the highest
likelihood of arc- flash hazard; why then, when it occurs, do we question everything but the chosen methgrounded system, especially if there is an abundance of
neutral loads to be served; but in this scenario, surely
there is a responsibility on the specifying engineer and
the operating owner to ensure that mitigation technologies such as ZSIP or optical arc detection are installed
so that when an arc occurs—and at some point in the
life of the equipment it is probable— then the impact
is limited and safety assured.
as there is in our own homes, for protection options; we
should be made aware and understand the risks involved
with electricity, we should have the necessary protection
clothing and equipment, we should complete electrical
safety awareness training, but we must also start to take
a more proactive stance and start to invest in prevention
technology.
I contacted my insurance broker after the house fire
and advised that I was installing new smoke detectors,
etc., and was advised that if they were wired into the
telephone system so that 911 was automatically called
in the event an alarm was triggered I could save 10%
on my monthly insurance costs and this more than
covered the cost. I called again to advise that I was
updating the wiring, installing a new electrical panel
with AFCI breakers, etc., to reduce if not eliminate the
root causes and was told no reduction premium was
available. If I take protection measures to react quicker,
I receive a benefit and incentive from the insurance
industry; but if I make a more significant investment
in prevention measures, then the insurance industry is
sitting on the sidelines.
Prevention technology is available, it should be our
first choice not our last choice. As industry leaders we
must view it as an investment not as a cost; as safety
professionals or facilities managers we must change our
approach from protection to prevention; the payback is
definable and real and it sure would help if the insurance companies provided some support.
It is time to get serious about electrical safety.
Andrew Cochran is the president of I-Gard, a company that provides technical support in the application of ground-fault protection
and resistance grounding products. He has been with I-Gard twelve
years, having spent time in an operations capacity previously with Polaroid, Stanley and ITT. He was educated in the UK in manufacturing and production engineering and has a post graduate diploma in
business studies.
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the power to protect
WE HAVE THE SOLUTION

10%

10%

80%

Prevent - HRG Technology
Predict - Thermal Ionization
Protect - Optical Arc
Detection and PPE

80%

Prevent: HRG enhances the reliability and
uptime of power distribution equipment. By
limiting the fault current to a low value, the
fault energy becomes insufficient for the arc
to re-strike and therefore, the arc itself
extinguishes and the hazard is prevented.

10%

Predict: Thermal Ionization monitors the
thermal condition of electrical connections
and provides a warning of a few minutes
to several hours before the connection
will develop into an arc fault, allowing for
preventative action.

10%

Protect: The special optical sensors in
Arc Detection relays detect the high lux
value of the arc and operate in 1ms
resulting in quick isolation of the fault.
(It takes 300ms to blink).

www.i-gard.com
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I-GARD PRODUCTS
These are some of the I-Gard Products. For more information or for a complete list of them,
please contact I-Gard

FALCON
Optical Arc
Protection System

VIA
Voltage Alarm Indicator

mGARD
Ground Fault
Relay

STOPLIGHT
High Resistance
Grounding System

GEMINI
High Resistance
Grounding System

SLEUTH
High Resistance
Grounding System

FUSION
High Resistance
Grounding System

SENTINEL
High Resistance
Grounding System

MGFR
Ground Fault
Relay

DSP OHMNI
High Resistance
Grounding System

SIGMA
Ground Fault Relay
Resistor Monitor

GCHK-100
Mining Relay

www.i-gard.com

7615 Kimbel St., Unit 1 Mississauga,
Ontario, Canada L5S 1A8
Phone
905-673-1553
Toll Free
1-888-737-4787
Fax
905-673-8472
e-mail:
sales@i-gard.com

