
CAREERS THROUGH MATHS: INDUSTRIAL ENGINEER

JOB DESCRIPTION

An  Industrial  Engineer  (IE)  is  a  problem-solver  who  designs,  improves,  and

implements  integrated  systems  of  people,  materials,  information,  equipment,  and

energy. Their primary goal is to optimise complex processes and systems to eliminate

waste  of  time,  money,  materials,  and  energy.  In  the  UK,  this  role  is  central  to

enhancing the  productivity  and competitiveness  of  a  wide  range of  sectors,  from

high-value manufacturing in the aerospace and automotive industries to streamlining

logistics  for  major  retailers  and improving patient  flow within the National  Health

Service (NHS).

A typical day for an IE in the UK might involve conducting time-and-motion studies

on a factory floor for a company like Jaguar Land Rover to reduce production cycle

times, using simulation software to model a new warehouse layout for a distribution

centre like those operated by Amazon UK, or analysing data to improve the efficiency

of a hospital outpatient department. Their work environment is varied, splitting time

between office-based analysis  and hands-on work in  operational  settings  such as

factories,  hospitals,  or supply chain hubs. They collaborate closely with a diverse

range  of  staff,  from  shop  floor  operators  and  technicians  to  senior  management,

requiring strong communication skills to translate technical findings into actionable

business improvements.

The core of the role is mathematical and analytical. IEs are tasked with quantifying

performance,  identifying  bottlenecks,  and  predicting  the  outcomes  of  potential

changes before they are implemented. For example, they might calculate the return



on investment (ROI) for automating a packaging line in a Scottish whisky distillery or

determine the optimal number of checkout tills needed in a Tesco supermarket to

minimise  customer  waiting  times  during  peak  hours.  By  applying  rigorous

mathematical  principles,  they  move  decision-making  from  intuition  to  evidence-

based  strategy,  delivering  tangible  savings  and  quality  enhancements  for  UK

organisations.

HOW MATHEMATICS IS USED

Mathematics is  the fundamental  language of  Industrial  Engineering, providing the

tools to model, analyse, and optimise real-world systems.

Operations Research & Mathematical Modelling: This is the cornerstone of IE.

It involves creating mathematical models to represent complex systems and find

optimal solutions. A key technique is  Linear Programming, used for resource

allocation. For instance, an IE might model the supply chain for a company like

Rolls-Royce, defining an objective function to minimise total shipping costs from

multiple UK suppliers to assembly plants, subject to constraints like production

capacity  and  delivery  deadlines.  They  would  then  use  algorithms  (like  the

Simplex  method)  to  solve  this  model  and  determine  the  most  cost-effective

shipping plan.

Probability  and  Statistics: IEs  rely  heavily  on  statistics  to  make  informed

decisions  amidst  uncertainty.  They  use  probability  distributions to  model

variable events, such as the time between machine breakdowns in a Northern

England textile mill  or patient  arrival  times in an A&E department.  Statistical

Process  Control  (SPC) is  used  extensively  in  UK  manufacturing  to  monitor

production  quality;  by  plotting  key  metrics  on  control  charts  and  calculating

control  limits  (typically  ±3  standard  deviations  from  the  mean),  IEs  can

distinguish  between common cause variation and special  cause variation that

needs investigation.

Calculus: Calculus,  particularly differentiation,  is  used for optimisation.  An IE

might use derivatives to find the minimum of a cost function. For example, they

could develop a function for the total cost of inventory (including holding costs

and order costs) for a retailer like John Lewis. By taking the derivative of this

• 

• 

• 



function with respect to order quantity and setting it to zero, they can calculate

the Economic Order Quantity (EOQ) that minimises total inventory costs.

Queuing Theory: This  mathematical  study of  waiting lines is  vital  for  service

industries and logistics. IEs use queuing theory formulas to analyse systems like

call centres for British Telecom or security checkpoints at Heathrow Airport. They

can calculate key performance indicators such as average waiting time, queue

length,  and  system  utilisation,  enabling  them  to  design  systems  that  balance

customer  service  levels  with  the  cost  of  providing  service  (e.g.,  number  of

staffed counters).

Data Analysis and Statistical  Inference: In  today's  data-driven economy, IEs

use advanced data analysis to uncover inefficiencies. Using tools like SQL and

Python, they process large datasets from UK factories or logistics networks. They

perform  hypothesis  testing to  validate  improvements;  for  example,  after

reorganising a warehouse for  a  company like DHL,  they would use a t-test  to

statistically  confirm  that  the  new  layout  has  genuinely  reduced  the  average

order-picking time compared to the old method.

KEY SKILLS & TOOLS

Skill/Tool Application

Discrete Event

Simulation Software

(e.g., Simul8,

AnyLogic)

Used to create dynamic digital models of complex systems like a

production line or hospital pathway. An IE might use Simul8, a

UK-developed software, to simulate patient flow through an NHS

clinic. They input mathematical data (e.g., arrival rates, service

times) to run "what-if" scenarios, quantifying the impact of

adding more staff or changing appointment schedules before

any real-world changes are made.

Statistical Analysis

Software (e.g.,

Minitab, R)

Essential for conducting rigorous data analysis. An IE at

Unilever's UK operations might use Minitab to perform a Design

of Experiments (DOE) to optimise a food production process.

They would mathematically analyse how factors like

temperature, pressure, and ingredient mix affect product quality,

identifying the optimal combination of settings.
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Data Analysis & SQL

Used to query large databases to extract performance metrics.

An IE analysing the UK rail network might use SQL to extract

data on train punctuality, journey times, and passenger

numbers. They then use mathematical techniques to identify

correlations and root causes of delays.

Programming for

Automation (e.g.,

Python, VBA)

Python is used for complex mathematical modelling, data

analysis, and automating repetitive calculations. For example, an

IE might write a Python script to automatically calculate the

overall equipment effectiveness (OEE) for a fleet of machines in

a Welsh semiconductor factory, pulling data directly from

sensors.

Lean Six Sigma

Methodologies

A structured, data-driven approach to process improvement.

The methodology is built on statistical tools. For example, a IE

working towards Chartered Engineer status might lead a Six

Sigma project to reduce defects in a car assembly process for

Nissan in Sunderland, using statistical analysis like Pareto charts

and failure mode and effects analysis (FMEA).

Technical

Communication &

Data Visualisation

(e.g., Power BI)

Critical for presenting complex mathematical findings to non-

technical stakeholders. An IE might use Microsoft Power BI to

create interactive dashboards for a management team at a UK

energy company, visually displaying key performance

indicators (KPIs) like plant efficiency and maintenance costs

derived from their mathematical models.

CAD Software (e.g.,

AutoCAD,

SolidWorks)

Used for designing factory layouts and workstations. The

mathematical application involves calculating areas, distances,

and ergonomic clearances to ensure an efficient and safe

physical flow of materials and people within a facility like an

Ocado automated warehouse.

Typical Pathway: The most common route begins with strong GCSEs and A-levels

(or Scottish Highers) in Mathematics and Physics, which are essential for university

entry.  Prospective IEs then complete a bachelor's  degree (BEng) or an integrated

master's degree (MEng) in Industrial Engineering, Manufacturing Engineering, or a

related  field,  accredited  by  the  Institution  of  Mechanical  Engineers  (IMechE)  or

similar  bodies.  Many  UK  universities,  such  as  Loughborough,  Nottingham,  and

Strathclyde,  offer  specialised  programmes.  Graduates  typically  start  as  Graduate

Industrial  Engineers  or  Manufacturing  Engineers  in  companies  like  BAE  Systems,



Procter & Gamble, or NHS Improvement. To advance, achieving Chartered Engineer

(CEng) status through a professional institution like IMechE is highly valued and often

required for senior roles. This involves demonstrating competence through a period

of initial professional development and submitting a technical report and interview.

Industry Demand: Demand for Industrial Engineers in the UK remains strong, driven

by the need for businesses to improve efficiency and reduce costs in a competitive

global market. The rise of Industry 4.0 (smart manufacturing, IoT, big data) is creating

new  opportunities  for  IEs  with  strong  data  analytics  and  mathematical  modelling

skills. Sectors with significant demand include advanced manufacturing, logistics and

supply  chain  (especially  with  the  growth  of  e-commerce),  and healthcare,  where

process optimisation is critical for service delivery.

Real-World Impact: Industrial Engineers make a substantial contribution to the UK

economy by boosting productivity  and ensuring the global  competitiveness  of  its

industries.  For  example,  IEs  have  been  instrumental  in  optimising  the  complex

supply  chains  of  retailers  like  ASOS,  ensuring  rapid  delivery  to  customers

nationwide. In the aerospace sector, their work with companies like Airbus in Filton

helps streamline the production of wings, a critical high-value component. Ultimately,

their mathematical expertise leads to more efficient use of resources, lower costs for

consumers, improved public services, and a stronger, more resilient UK industrial

base.
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