March 2020
VOL. 72 NO. 3

®

Robert W. Schafer
2020 SME President

tuc

special insert:
®

&

me.smenet.org
//////////

Canada

Web-based benchmarking in today’s mining industry;

Advancing research and collaboration
by J.R. Marston and N.C. Hoffman

I

ndustrywide benchmarking of equipment
performance has been challenging given a lack
of standards. Golder and the Surface Mining
Association for Research and Technology
(SMART) launched a web-based benchmarking
program in 2004 to assist participants in data
standardization and monitoring performance
metrics. This program allows participants to
anonymously compare performance with similar
operations. Canadian oil sand operators have
used the program for more than a decade, and
have adopted the Global Mining Guidelines
Group (GMG) program as a guideline for the
worldwide mining community. The benefits of
participation and the ongoing work to improve
benchmarking methodology are discussed in this
article.
Benchmarking is an advanced method of
business-process improvement used to make
metric-based comparisons between operating
units to improve processes, methodologies and
identify best practices that lead to superior
performance. An effective mining benchmarking
program can improve capital spending,
operating-cost performance and create a
common industry voice to communicate with
equipment vendors, thereby improving the
industry. Historically, equipment benchmarking
in the mining industry has been limited by a
variety of factors. Benchmarking methods and
metrics can vary from company to company and
even site to site. Companies are usually reluctant
to share data due to confidentiality and privacy
concerns. The cost and time of undertaking a
benchmarking process can also pose a significant
barrier to a mining company (Lukacs, 2000).
In order to address these concerns, a
surface mining industry group called SMART,
with the help of engineering consulting firm
Marston (acquired by Golder Associates, Inc.
in 2011), launched the SMART Benchmarking
Program. This program is a low-cost, continuous,
web-based, worldwide database that allows
participants to anonymously compare equipment
benchmarking metrics. Each of the participants’
data are validated and normalized to a common
set of metrics, ensuring
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mines without consent.
While other equipment studies and initiatives
had been undertaken in the industry before, it
is the spirit of collaboration that distinguishes
the SMART Benchmarking Program. Through
analyzing the data, the participants can
identify other parties with superior equipment
performance and make arrangements through
Golder to collaborate and share underlying best
practices.
Since the establishment of the benchmarking
program, SMART was absorbed into the GMG,
but support for the program continues. GMG,
with Golder and the SMART benchmarking
team, is continuously working to improve the
benchmarking program and its benefits for the
worldwide mining community.

Project history
Recognizing the need for a coordinated
approach to meet the needs of the industry,
a group of surface mining companies came
together in 1995 to form SMART. The formation
of the organization allowed member companies
to work together in research, technology and
other projects for mutual benefit. An early
success of SMART was the Large-tire User
Group, which established a multicompany,
large-tire database containing consumption
information, testing data and procedures for tire
and rim maintenance. The agreed success of this
program by the member companies provided
the necessary momentum to create the SMART
Benchmarking Program.
Equipment benchmarking was recognized
as a key element and evolutionary step of
SMART’s mission to advance research and
collaboration in the mining industry. It became
clear that for companies to truly benefit from
industry benchmarking, an agreed-upon set of
standardized metrics was needed to ensure true
and meaningful comparisons. In addition, the
reluctance to share data between companies due
to confidentiality and privacy concerns required
confidentiality be a top priority.
SMART began development of the
benchmarking program in January 1998
on the foundation outlined by the master’s
thesis by Blair Tuck and a research paper by
Zoltan Lukacs (Lukacs, 2000). The thesis and
research paper recommended a three-phase
approach, which consisted of the development
of standard benchmarking definitions, data
www.miningengineeringmagazine.com
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Table 1
Data categorization definitions.
Data category

Description

Net operating hours

Productive operating time.

Wait

Nonproductive time waiting on other equipment or facilities.

Delay
Down
Standby
Tonnes
Distance
Number of loads
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program and benefits it provides
to participants.

Data model

Participants supply raw
equipment
data from their
Nonproductive time associated with the equipment operation.
dispatch systems, or condensed
Prevented from operating.
versions of the same, on a
quarterly basis to the program.
Not scheduled to operate.
The program operates on a base
Tonnes of material moved.
of agreed-upon data category
Haul distance for trucks.
definitions as shown in Table
1. Time and tonnage data must
Loads hauled.
be supplied to generate the
program key performance
collection and the development of a database
indicators (KPIs), which are outlined further in
system. On completion of these three phases,
this section.
SMART partnered with Marston, a thirdAs previously mentioned, the onboarding
party mining engineering consulting firm, and
process of a participant to the program includes
launched the benchmarking program in 2004.
a thorough review of their equipment data,
As an industry group, SMART’s backing of the
raw time codes and time code classifications,
program ensured broad industry appeal that
shown in Table 1, to create a normalized
resulted in the participation of a significant
base dataset between all participants. Some
number of member companies with sufficient
participants use hundreds of time codes at
data to prevent easy identification of individual
the equipment-recording level, which are
participants.
then reviewed and categorized into one of the
Marston set up an improved database
higher-level time categories shown in Table 1.
capable of reporting to a web-based system
Each participant’s data must be normalized to
and completed the participant onboarding
ensure data comparisons are accurate and true.
process, which included a thorough review of
Inconsistencies in the categorization of base data
its equipment data and time code classifications
will skew benchmarking results and reduce the
that forms the basis of normalized benchmarking effectiveness of comparisons (Doe, 2004).
comparisons. Marston’s experience, with a
After normalization of each participant’s
multitude of operating sites and commodities,
base data into the categories shown in Table
and third-party role ensured focus of pure,
1, time data are further classified using one
nonbiased benchmarking for the benefit of all
standard approach for all participants. The
participants.
SMART benchmarking metrics begin with a
Originally focused on Canadian oil sands
simple classification of 24 hours of each day
operators, the program expanded to include
for each measured piece of mining equipment.
other locations and commodities. As a result,
This time model maintains granularity of each
the program now maintains more than a decade
operation’s data that can then be recombined
worth of data available for 44 pieces of mining
into standard comparisons or specific indices
equipment representing 5.3 million hours of
as required. General categories of operating
equipment data. The equipment in the program
delays, maintenance downtime, standby, waiting
includes cable shovels, hydraulic shovels,
time and scheduled downtime are used to frame
draglines, wheel loaders and a variety of sizes of
comparisons (Lukacs, 2000).
haul trucks.
Once all scheduled hours for identified
The program itself has changed over the
equipment are normalized to accepted
years since its inception, but the goal of accurate
definitions, the data are prepared for comparison.
and beneficial benchmarking remains the same.
First, the company-specific data are checked
Originally a quarterly spreadsheet submitted
for errors in order to confirm the validity of the
to participants, the program is now available
submitted data. The second format is a generic
online through the SMART Benchmarking
set of normalized key performance indicators
website. New mining equipment is continuously
(KPIs) that are made available to allow for crossadded to the program based on participants’
company evaluation of equipment productivity.
operating fleets. In 2011, Marston was acquired
This process maintains the company’s
by Golder Associates Inc. Golder and GMG are
confidentiality, as no identifying information is
continuously reviewing new ways to improve the part of the KPIs.
Mınıng engıneerıng
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The normalized datasets are then used
to calculate standard metrics of the SMART
Benchmarking Program, shown in Table 2, for
comparative purposes. The definitions of these
metrics are the result of work performed to
determine the optimal equipment performance
KPIs for the mining industry, work which GMG
is continuing to this day. As such, even though
each operation may track and maintain its own
metrics separately, the SMART Benchmarking
Program allows for a normalized comparison
using metrics agreed to by the participants.

Results and benefits
Results. Once the KPIs have been
generated, the data are uploaded to the SMART
Benchmarking database. The database is
available to view online through the SMART
Benchmarking website and is updated on
a continuous quarterly basis. A simplified
network diagram of the system is shown in Fig. 1
(Michaud, 2008).
Through the secure site, participants can view
their performance dashboard, data tables and
graphs displaying metrics for a piece or class of
equipment against other participant’s data. Time
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ranges can be specified for any duration from the
start of the program to the most recent quarter.
All data on the site are available for export into
a spreadsheet. An example of a performance
dashboard and chart is shown in Figs. 2 and 3,
respectively.
Benefits. The SMART Benchmarking
Program provides a valuable tool to allow
mining companies to better understand their
performance and identify opportunities to
achieve world-class performance. Current
participants have reported benefits such as
improving fleet operations and maintenance
practices, aiding in equipment-purchasing
decisions by understanding the capabilities of the
equipment in similar conditions and combining
information to help provide a common industry
voice to communicate with equipment vendors.
Participants reported real benefits from
knowing if their equipment is achieving bestin-class performance and being able to identify
focus areas to implement improvements.
For example, improvements in truck and
shovel use of availability and physical availability
in the range of 1 to 5 percent have been reported

IMPACT BEDS

ACCESSORIES

Don’t Gamble with your Investment
Get exactly what you need with
Luff Engineered Class Pulleys

Luff’s in-house engineering team is ready to assist with any custom
designed and engineered class pulleys to meet your specific needs.
Luff Drum Pulleys are manufactured from heavy schedule
pipe, providing a thicker shell to absorb more stress and
protect against abrasive wear.
A machined trapezoidal crown angle
provides optimal belt tracking and
maximum concentricity, ensuring a longer
lasting pulley.

Luff Industries Ltd.

Calgary, AB | Orillia, ON | Rancho Cucamonga, CA | Nashville, TN
28

MARCH 2020

Mınıng engıneerıng

Toll-free: 1.888.349.LUFF (5833)
Email: info@luffindustries.com
www.luffindustries.com
www.miningengineeringmagazine.com

Canada
Table 2
Calculated metric definitions.
Term

Definition

Formula(s)
Time categories

Scheduled hours

Scheduled hours in a year.

DOWN + DELAY + STANDBY + WOH

DELAY %

Percentage of hours in a year spent in DELAY.

(DELAY / Scheduled Hours) * 100

DOWN %

Percentage of hours in a year spent in DOWN.

(DOWN / Scheduled Hours) * 100

Gross operating hours
(GOH)

Total time spent in operation.

NOH + WAIT + DELAY

GOH %

Percentage of hours in a year spent in operation.

(GOH / Scheduled Hours) * 100
GOH = NOH + WAIT + DELAY

STANDBY %

Percentage of hours in a year spent in STANDBY.

(STANDBY / Scheduled Hours) * 100

Tonnage per GOH

Tonnes of material hauled per GOH.

Tonnes / GOH
GOH = NOH + WAIT + DELAY

Tonnage per WOH

Tonnes of material hauled per WOH.

Tonnes / WOH
WOH = NOH + WAIT

WAIT %

Percentage of hours in a year spent in WAIT.

(WAIT / Scheduled Hours) * 100

Work operating hours
(WOH)

Productive operating hours and WAIT.

NOH + WAIT

WOH %

Percentage of hours in a year spent in WOH.

(WOH / Scheduled Hours) * 100

Efficiency categories
Capital efficiency

Ratio of net operating hours (NOH) to scheduled hours.

NOH / Scheduled Hours

Operating efficiency

Ratio of work operating hours (WOH) to actual operating
hours.

WOH / GOH
GOH = NOH + WAIT + DELAY

Availability Categories
Mechanical availability

Ratio of time in operation to time in
operation plus DOWN.

GOH / (GOH + DOWN)
GOH = NOH + WAIT + DELAY

Physical availability

Ratio of scheduled hours minus DOWN
to scheduled hours.

(Scheduled Hours - DOWN) / (Scheduled Hours)

Use of availability

Ratio of total operating hours to total operating hours plus
STANDBY. The efficient utilization of the equipment.

GOH / (GOH + STANDBY)
GOH = NOH + WAIT + DELAY

by participants by planning for industrydemonstrated achievable targets and adopting
effective and efficient solutions to achieve
results.

Future plans
The spirit of collaboration that resulted in the
creation of the benchmarking program continues
with the support of the GMG, an international
group of like-minded companies driving change
in the mining industry. Their goal is to develop
guidelines to manage risk, enhance performance,
design solutions, inform planning and decisionmaking and save time and money.
Building on the SMART Benchmarking
Program for current and potential participants
is a key goal of Golder and GMG. As part of
managing the program, Golder is working
to enhance the user experience and benefits
30
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from using the program. Additional types of
equipment and additional operations have been
introduced to the program. Golder and GMG
are also looking at expanding the types of mining
that are currently represented in the program,
especially with regards to the commodities being
mined, the location of the operations and mining
methods.
One area of particular interest to the
program is the inclusion of underground
mining participants. Many, if not all, of the same
benchmarking metrics used to keep track of
surface mining equipment can be applied to
underground equipment with the same benefits
that come with tracking performance. While the
SMART Benchmarking Program is currently
being used by surface mining companies, the
addition of several underground operations
would expand the program’s benchmarking
www.miningengineeringmagazine.com
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Figure 1
System configuration.
capabilities significantly. These operations would
be grouped and reported separately from surface
participant’s data.
As noted above, the time model is the heart
of the SMART Benchmarking Program, and the
definitions of the time categories and operational
KPIs are of particular importance for getting
accurate comparisons of the data. GMG has
developed a Time Use Model based on industry
input, which is currently under review and will be
released as a guideline in the second quarter of
2020. Implementing GMG’s new guideline into
the SMART Benchmarking Program would be
relatively simple, only requiring installation of
another classification system for processing time
data.
Since the adjournment of the SMART group
in 2018, there had been a need for continuing
industry-based support and guidance for the
benchmarking program. GMG stepped into
this role to support the program through the
formation of a steering committee. The steering
committee allows participants to have a voice
in deciding the direction of the program and

www.miningengineeringmagazine.com

where efforts should be focused. It is currently
envisioned that the steering committee will be
comprised of both surface and underground
mine operators. Nonparticipants can provide
committee input to find ways to raise interest
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Figure 2
Performance dashboard example.

Figure 3
Performance chart example.

in the program and broaden the appeal of
the benchmarking program to the industry
at large. Expansion of the program across
noncompeting industries will allow for even
greater collaboration of best practices.

Conclusion
Benchmarking is important to business
process improvement and an effective program
can improve capital spending, and operating
cost performance and create a common industry
voice to improve the industry. Historically,
benchmarking in the mining industry had been
limited by a variety of factors, including differing
data definitions and benchmarking metrics,
company confidentially and high expense.
Collaboration of major mining industry players
and SMART created a low-cost, web-based,
worldwide program that allows participants to
anonymously compare equipment benchmarking
32
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metrics using one normalized standard
of comparison. Data management
of the program by a third party
allows participant data to be securely
transferred and anonymously posted
to the program’s website. A third-party
mining engineering consulting firm
ensures the program’s focus on pure,
nonbiased benchmarking for the benefit
of all participants.
The robust data model and metrics
allow participants to understand their
performance, identify opportunities
to improve and collaborate to share
underlying best practices. Participants
have reported improvements in
equipment use of availability and
physical availability through utilizing
the results from the benchmarking
program.
The program, and its benchmarking
standard, continues to be driven by its
steering committee, which is composed
of key representatives from major
mining companies, and the support of
GMG, which represents an international group
of like-minded companies driving change in the
mining industry. The future of the program has
many opportunities, including the adoption of
GMG’s time-use model and operational KPIs
guideline for the mining industry as well as the
inclusion of underground mining operation
participants. Expansion of the program across
noncompeting industries will allow for even
greater collaboration of best practices. n
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