


The rise of Big Data in the 21st century has fundamen-
tally altered many industries and mining is no exception. 
Inexpensive and plentiful sensors, cameras, mobile devices, 
wireless networks, and other technologies now afford 
any organization the ability to capture and store signifi-
cantly more data than ever before. As of 2012, the world 
now produces 2.5 exabytes (2.5 x 1018) of data each day 
(IBM 2017). This level of data generation is supported by 
advances in technology that have roughly doubled the 
world’s per-capita data storage capacity every 40 months 
since the 1980s (Hilbert and López 2011). All contemporary 
mines understand this phenomenon: Each one thrives using 
equipment loaded with hundreds of OEM sensors. Most also 
incorporate additional data-generating tools, such as fleet 
management systems, high-precision GPS, collision avoidance 
systems, and more. Mines are now able to track and store 
data around virtually any action in their operations.

While this abundance of data has the potential to drive 
gains in the mining industry, it also brings new challenges 
— namely, how to make sense of it. The real advantage of 
Big Data lies in its ability to identify relationships among 
seemingly unrelated data points. The relational databases 
and SQL queries used in traditional data analysis are poorly 
suited to this task. Housing data from mine planning systems, 
equipment sensors, ERP systems, and other technology in 
independent, unaggregated databases makes it difficult for 
analysts to associate one dataset with another. In order to 
compile worthwhile information from this wealth of data, 
experts must spend hours combing through hundreds of 
thousands of fields. Even then, they may not find any useful 
correlations. 

Other industries such as retail, manufacturing, and financial 
services have adopted business intelligence (BI) systems to 
work around these Big Data challenges. These systems excel 
at storing massive quantities of data in a manner optimized 
for analysis. They display this data over a range of clear and 
coherent formats, favouring visualizations that let lay users 
understand relationships and trends among discrete data. 
BI allows non-specialized users to explore millions of data 



points without manual indexing, partitioning, 
or performing other data manipulations that 
require specialized knowledge. 

Yet, mining has resisted adopting BI. 
Although some organizations have exper-
imented with off-the-shelf systems or 
commissioned their own custom BI solutions, 
widespread acceptance by the industry 
remains low. Even at those mines using BI, 
users have struggled to incorporate the 
technology into their workflows. Several 
factors have informed this outcome. Many of 
the BI tools employed at mines have drawn on 
outdated technology that has proved difficult 
to maintain and operate without dedicated 
experts. Generic platforms have faced diffi-
culties in handling the types of data pertinent 
to mining, such as large volumes of geospatial 
records. Others have attempted to run using 
mines’ operational databases, putting undue 
strain on servers and bandwidth necessary 
for day-to-day operations. In each case, these 
systems were quickly abandoned. 

Abandonment of the technology does not 
solve the industry’s data analysis problem, 
though. Rather, mining needs a BI solution 
that addresses the issues blocking the technol-
ogy’s acceptance and implementation. It 
requires a turnkey platform that can accom-
modate vast amounts of geospatial data and 
other records. This system needs a simple user 
interface that allows non-experts to under-
stand the information it provides. It must 
avoid heavy use of operational databases 
to allocate resources for other mining 
technology. It must also require minimal 
administration from technical staff to facil-
itate trust and use of the system for standard 
data analysis. Given a solution that meets 

these requirements, the mining industry 
can expect to follow the trend in other 
data-driven industries and succeed in using 
Big Data to raise its performance. 

CHALLENGES AROUND 
BI IN MINING

Several institutional and technological 
hurdles have interfered with BI gaining 
widespread acceptance in the mining 
industry. Although other industries have 
overcome similar hurdles in adopting BI, 
mining continues to struggle with many of 
them. Industry culture, inadequate tools, and 
strained IT resources all contribute to this 
problem. In order for the industry to appropri-
ately resolve its challenges using Big Data to 
improve performance, each of these problems 
must be addressed. 

First, mining is particularly slow to adopt new 
technologies. A 2013 study from the Centre 
for the Study of Living Standards showed that 
investment in information and communication 
technology by the mining and oil and gas 
industries declined 16.7% between 1996 and 
2006 (Sharpe and Rai 2013). These numbers 
stand in sharp contrast to most business 
sectors, which grew their IT investment in the 
21st century. Many factors may contribute to 
this resistance to IT. Mining requires signif-
icant upfront capital and, therefore, remains 
indebted to shareholders for several years 
before breaking even. As a result, costly 
new technologies must withstand significant 
scrutiny in order for purchasing departments to 
justify untested investments. Mines also tend 
to operate independently from one another, 
using technology and practices particular to 



each site. This industry setup inadvertently 
blocks one site from learning about advan-
tageous systems in place at partner and 
competitor sites. Regardless of the cause, new 
technology – including BI and analytics – has 
proven slow to infiltrate the industry. 

Until recently, forward-thinking mines ready 
to adopt BI also faced tools that proved 
difficult to implement and maintain for 
mining purposes. Many BI platforms common 
in other industries favour a multi-tier archi-
tecture. Typically, these systems introduce 
an additional layer of metadata between 
the source data and the user interface. 
This configuration makes sense in certain 
contexts, as it aids the system in managing 

large numbers of records with higher system 
performance. However, it adds complexity to 
the BI platform, making it more difficult for 
end-users to interact with data. These systems 
tend to require advanced knowledge of SQL 
and significant human resources in order 
to process data and derive analytic value. 
In business sectors such as retail or finance, 
a dedicated IT team can use these systems 
effectively. But, at mines with increasingly 
fewer IT staff tasked with too many demands, 
a request for data analysis may take months 
to fill. Ultimately, these systems prove too 
complex to function as intended for mining. 

Likewise, systems built to handle data for 
other industries have proven a poor fit for 



mining data. For instance, most modern ERP 
systems in use at mines offer some BI capabil-
ities. These systems often work well for 
synthesizing thousands of financial records, 
generating quarterly reports, or projecting 
seasonal ordering and sales information. 
However, they are not optimized to display 
large amounts of high-precision geospatial 
data that pertain to mining analysis. Inves-
tigating equipment speed, spotting time, 
machine performance along haul route 
segments, and other mining KPIs all benefit 
from in-depth mapping of many millions of 

GPS records. Other business sectors rarely 
need this depth of geospatial analysis, so their 
BI tools tend not to provide it. They especially 
do not provide it while maintaining high 
performance of the system itself; simultane-
ously plotting over 100,000 chart and map 
points typically causes performance declines 
or system crashes. Yet, this level of detail is 
necessary in order to perform appropriate 
comparative analysis of several equipment 
units working together. 

Many of the BI systems observed at mines 
also struggle to aggregate and cross-an-
alyze data from several distinct databases. 

Throughout their day-to-day operations, 
mines use several independent systems that 
generate data relevant to analytics — mine 
planning systems, fleet management systems, 
ERP systems, situational awareness systems, 
and more. Yet, the tools they commonly use 
for analytics rarely compile and aggregate 
these systems’ independent databases 
into a format that allows for cross-system 
exploration. Rather, users can only access a 
set of siloed databases in series. With this 
technology, mines can observe and interact 
with data from one system, but they are 

unable to observe the effects of that data on 
data from other systems. Unfortunately, cross-
system analysis marks one of the major advan-
tages of modern BI platforms. In order to gain 
this benefit, mining IT departments would 
need to build a system that regularly pulls, 
cleanses, and loads data from each relevant 
system into a central data server.  

Due to these challenges, mines interested 
in BI and analytics tend to default to tools 
they know, namely Microsoft Excel. While 
Excel works well at performing basic functions 
on small sets of data, it cannot handle the 
larger and more complex datasets needed 



for mining analytics. Excel is a procedural 
system, not an analytics system. It was not 
designed to process over a million data 
records, let alone the 500 million in common 
use for a full BI system. As well, Excel does 
not natively connect to databases used in 
most mining software. Rather, an IT specialist 
must manually copy data from a site’s opera-
tional databases and paste it into Excel in 
order to analyze it. This process lacks version 
control for security and introduces significant 
opportunities for irreversible data loss due 
to user error. Excel also has limited options 
for data visualizations, allowing only a few 
simple charts with minimal customizations. 
Adjusting the default charts in Excel requires 
several steps that impede the user-friendliness 
required for a functional and well-used BI 
platform. 

PROPOSED SOLUTIONS 
TO MINING BI 
CHALLENGES

Any BI platform likely to gain purchase in 
the mining industry must resolve each of 
these challenges that block the technology’s 
utility for mining. However, many of these 
challenges are particular to mining and other 
extractive industries. Even with heavy custom-
ization, no off-the-shelf BI package is likely 
to provide the kind of self-serve analytics 
platform optimized for mining data that 
the industry demands. Instead, mining can 
strongly benefit from its own custom-de-
signed BI platform that makes a point of 
resolving each of these challenges. With such 
a system, mining can finally expect to make 
headway in using its Big Data to raise opera-
tional performance. 

Although no single piece of technology can 
overhaul the industry resistance to IT, a BI 
vendor can make accommodations to mine 
sites in order to mitigate the risk and break 
down the resistance associated with new 
technology. Unlike other systems commonly 
used in mining that may require additional 
hardware and infrastructure, BI and analytics 
platforms adapt well to live demonstrations 
and trial licenses. BI vendors can configure a 
remote server for testing purposes and allow 
mines access to explore the system capabil-
ities before purchase. In this way, mines can 
understand the value and functionality of a 
BI system long before contract discussions. As 
well, BI revolves around software and data 
manipulation with little to no additional 
hardware required. Many of these systems 
are available for cloud hosting, which reduces 
their infrastructural overhead. Vendors may 
even offer these systems through a software-
as-a-service (SaaS) model, lowering the 
impact on an organization’s capital expenses. 
Through such licensing models, mines are able 
to use BI software to drive performance gains 
while simultaneously applying those gains to 
compensate for the cost of the system itself. 
These sorts of considerations can make it 
clear to the mining industry that BI is a worth-
while investment, while also removing a key 
blockage in its use by the industry. 

Mining-specific BI platforms must also make 
a special point of resolving the technology’s 
usability issues. Although systems built on a 
multitier architecture work well in environ-
ments with large IT teams and budgets, they 
have proven too complex for lay users such 
as mine shift supervisors, managers, and 
CEOs. BI platforms built for mining ought to 
explore alternative configurations that do 



not introduce layers of metadata necessi-
tating advanced knowledge of SQL or other 
development work in order to manipulate 
and observe data. A point-and-click interface 
with a look and feel similar to consum-
er-level software, such as Excel, can remove 
the skill barrier that inhibits non-specialists 
from making good use of BI. This style of 
operating environment allows lay users to 
create dashboards and visualizations, filter 
them, and transform them without assistance 
from data scientists. A wide range of visual-
ization options must be available in order for 
different users to view data in ways that make 
sense to them. Likewise, a mining-specific 
utility ought to keep its system administration 
simple, removing the need for multi-server 
setups or proprietary technology.  

Fortunately, many BI and analytics platforms 
have grown more user-friendly in recent years. 
In particular, the BI utility produced by Tableau 
Software makes a point of prioritizing usability, 
eliminating the need for high-level devel-
opment work. Instead of writing SQL queries, 
Tableau users interface with their data through 
point-and-click dashboards comprised of 
individual KPI widgets. These widgets visualize 
mining data as charts, graphs, tables, maps, 
histograms, calendars, scatterplots, bubbles, 
and other intuitive graphics. Users can interact 
fluidly with these widgets, adding columns to 
data tables as needed or colourizing particular 
components to highlight them for figure-
ground analysis. They can run data through 
formulae and perform custom calculations 
on the fly using a drag-and-drop interface, 
similar to Microsoft Excel. They can click on 
data points to drill down, filter, and search for 
particular information. As they do, the other 
visualizations change to match the filtered 

data. In this way, anyone familiar with standard 
PC functions can explore relationships among 
discrete data points. 

Beyond resolving these usability issues, 
a BI platform for mining must also accom-
modate certain data processing challenges 
specific to the industry. Mining gains outsized 
insight from aggregating and visualizing 
large volumes of data at once, making this 
function a priority. To compare a distribution 
of values against a predefined ideal, such 
as actual versus target spotting times, a BI 
platform must bin many individual values into 
one calculation. Then, the platform must be 
capable of displaying all of these individual 
values concurrently to allow for drill-downs 
and filters. For analyses encompassing long 
terms or large sites, the individual data points 
may number in the hundreds of thousands. 
Concurrent display of such a vast number 
of data points far surpasses a threshold of 
functional performance for many BI systems — 
even many advanced solutions. To resolve this 
issue, a mining BI platform ought to employ 
a data processing system capable of holding 
and accessing large volumes of data quickly, 
such as an OLAP data warehouse with a fast 
in-memory data cache. 

THE NECESSITY OF A 
DATA WAREHOUSE

In order for a BI platform to facilitate the 
kinds of analysis relevant to the mining 
industry, it requires a comprehensive, flexible, 
long-term data store — a data warehouse. Data 
warehouses are a distinct style of database 
dedicated to the purposes of BI and analytics. 
They allow the end-user applications of a BI 
platform rapid access to large volumes of data 



from different operational systems in a coherent 
and consistent manner. They make BI platforms 
able to address many of the barriers to their 
use in mining, including short-term datasets, 
complex database administration, siloed 
databases, and weak version control processes. 

Data warehouses can support very large and 
varied volumes of data due to their particular 
configuration. Unlike the relational databases 
used by much operational software, data 
warehouses used in BI are online analytical 
processing (OLAP) databases. This style of 
database is designed specifically to handle 
data for analytics and BI. Many of them are 
configured using a star schema, which facil-
itates short chains of connection among 
datasets and provides a simpler, more efficient 
data source for reporting and analysis. As 
a result, BI clients are able to rifle through 
millions of data points with greater ease than 
with operational databases, even absent an 
additional metadata layer. 

Data warehouses allow a BI platform 
to analyze data from multiple systems in 
ways other data stores cannot. Through an 
automated extract/transform/load process, a 
data warehouse aggregates data from many 
siloed databases — fleet management systems, 
ERP systems, asset health systems, and so on. 
Applications accessing this data warehouse can 
then fluidly associate patterns and trends that 
appear among data previously kept separate. For 
example, a mine using a BI platform connected 
to a data warehouse can generate visualizations 
that show both an asset health system’s engine 
RPM alerts and a fleet management system’s 
payload weights. Without a comprehensive 
data warehouse, users need to perform this 
analysis manually. They must copy data from one 
database, then the other, then paste each set of 
data into a third visualization tool. This process 
introduces many additional steps for users, each 
raising the possibility of error and data loss. 

A modern data warehouse actually reduces the 
potential for error and data loss across the board 
by adding additional security features. While 
tools such as Microsoft Excel require manual 
extraction and loading of data into an unsecure 
system, the automated extract/transform/load 
process of a data warehouse prevents users from 
ever handling raw data. The data store and the 
user interface always remain separate; users can 
freely manipulate and explore the data without 
fear of altering or deleting it. Multiple users 
are able to access the same data concurrently 
without affecting one another. The data exists 
on its own in a protected system that user clients 
point to as a single source of truth. 

A data warehouse set in a star schema also 
reduces much of the day-to-day database 
administration work for on-site specialists. 



Rather than requiring regular mainte-
nance to archive data, build report-spe-
cific tables, and perform other complex 
actions, the particular configuration of this 
style of data warehouse removes many of 
these tasks from the BI process entirely. 
Once configured, the extract/transform/
load process populates the database tables 
on a set schedule. In this way, the data 
warehouse always includes the most current 
data available in locations the user interface 
can understand. Non-specialist users can 
simply operate the BI system without 
needing advanced skills in database admin-
istration. Mines that opt for cloud-hosted 
infrastructures or SaaS solutions can further 
offload data administration tasks to third-
party tools, such as Amazon Web Services 
or Microsoft Azure. Although cloud hosting 
necessitates greater network bandwidth 
than locally hosted platforms, the reduced 
capital expenditure and lighter strain on 
IT personnel typically compensate for any 
additional bandwidth usage. For these 
reasons, an OLAP data warehouse configured 
in a star schema — hosted locally or in the 
cloud — is a necessity for a BI platform 
useful to the mining industry. 

CONCLUSION
Most organizations in the mining industry 

currently understand the potential value 
their vast amounts of system data can offer 
analysis and decision making. However, 
various barriers have thus far interfered with 
mines’ ability to put this data to productive 
use. Industry culture, ineffective technology, 
and poor data handling all contribute to 
the current industry environment in which 

few mines take advantage of Big Data at all. 
Those mines that do engage in contempo-
rary-style data analysis tend to use tools such 
as Microsoft Excel that prove too rudimentary 
to produce the results seen in other industries 
with mature BI programs. 

Technological advances are now beginning 
to address some of the challenges that mining 
has experienced with BI in the past. System 
vendors are exploring alternative licensing 
and distribution models that mitigate some 
of the risk and resistance that mines associate 
with new technology. Simpler system archi-
tecture and upgraded user interfaces now 
allow non-specialist users on resource-
strapped IT teams to perform advanced data 
analysis without consulting BI specialists. 
Newer, sleeker visualizations communicate 
pattern and trend information to non-spe-
cialists in more intuitive ways. Most impor-
tantly, OLAP data warehouses let mines 
aggregate data from their many operational 
systems into a comprehensive, long-term data 
store that provides access to large volumes of 
data records. 

Individually, each of these advancements 
prove beneficial. Put together, they can 
build on one another to create a BI platform 
ultimately appropriate for the mining 
industry. A low-risk, user-friendly solution 
that can handle hundreds of thousands of 
concurrent data points ought to remove 
the most extreme barriers to adoption of 
the technology by the industry. With those 
barriers removed, mining can anticipate using 
BI to perform advanced data analysis and to 
finally use Big Data to achieve the perfor-
mance gains that other data-driven industries 
received years ago. 
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At Wenco, we want to raise your mine’s 

performance. That means using data 
technology to help mines produce more, stall 
less, and run smoothly and safely. For 30 years, 
we’ve built solutions that mines around the 
world thrive on. Fleet management for total 
control. Dispatching for easier, automated 
assignments. Machine guidance for precise 
cutting and filling. Maintenance tools that 
slash delays and downtime.

Our latest systems go even further. We’re 
moving beyond the pit, creating the next 
generation of technology set to change the 
future of mining. Analytics. E-learning. Intel-
ligent proximity. Predictive machine health. 
Autonomous trucking. With the power of 
Hitachi behind us, we’re crafting new ways to 
make mining smarter, simpler, and safer for 
everyone — from the pit to the port.

For more information about our business 
intelligence systems and our ongoing research 
and development, please contact us.
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