lllustrating the benefits
of systems engineering
In railways

Case Study
In London Underground

Systems Engineering
In Railways:

Making it work for you
11 November 2009 | |
IET London: Savoy Place Michael Morfis

Systems Optimisation Consultant

@ Cogitare



Need for Systems Engineering & Optimisation

System Optimisation Process (SOP)

SOP applications in London Underground
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Need for
Systems Engineering & Optimisation



Problem

Meet Objectives: FindOptimised& Affordable SystemSolution
AGovernment guidelines: Aldentify best options to implement
- Deliverable AOptimise system solution within affordability constraints
- Affordable Adustify funding

- Valuefor Money
- Energy Efficiency / CO2 reduction

ATransport objectives:
- Capacity
- Reliability
- Mode shift: Transfer people
from road to rail

Costs Benefits

Generate ldeas an@ptions:

AEngineering Innovation
AOperational Innovation
ABusiness Innovation

U Achieve optimal balance of
whole-life costs and benefits



ldeas & Options

What train
performance

What
service levels?

How much
coasting?

How much

What speed? recovery margin

What contractua
incentives?

Where to store
recovery margin

What power
supply voltag@

How do we decide ?
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train regulation?

What asset
management
strategy?

Track Friendly
Bogies?

Car articulation? _
DistanceTo-Goor

Energy Storage” Moving Block

Remote

Composite Train Operatiof:

materials?



Traditional Approach

ADesign asub-system levelatdifferent timelines

Aldeas/options and decision making confined within areas ¢
expertise and departments of large organisations

AResult:

- Objectives are difficult to achieve

- Solutions implemented not fully optimised at system level

- Constrained technological and operational innovation

- Benefits at suksystem level may not be achieved at system level
(especially energy savings)

AWhy?
- Large scale projects with long programmes
- Lack of flexibility: organisational structure and culture
- Lack of integration among departments

- Business drivers: narrow focused business cases
-h@SNJ NSt AIFIYOS 2y W. Said t N}y OGA



What I1s needed?

Systems Engineering & Systems Optimisation:
ATest whole life Costs and Benefits at system level

A Optimise the System Solution to maximise Benefits and minimise Costs
(maximise Benefit:Cost Ratio) within affordability constraints

AcSaid NRodzaldySaa 2F W2LINAYAASRQ az2f
A Support the prediction of Cost, Time, Performance and Quality

Optimise the
Key

Performance Stakeholder satisfaction
ACustomers
- ROperators Project Time
Indicators Operator
AQuality & Safety

to drive better

system \

performance Whole life Cost & Benefits

AOperations

AMViaintenance / Refurbishment
AReliability / Availability
AJourney Time / Capacity

/

AAmbience



Case Study 1: Typical Line Upgrade
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Case Study 1: Typical Line Upgrade
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Case Study 1: Typical Line Upgrade
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Case Study 1: Typical Line Upgrade
+How much journey time capacity?
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Case Study 1: Typical Line Upgrade
+How much journey time capacity?

A

Net
Economic
Value

(Net
Present
Value)

e Optimisedvs.Base Case

>
Improvement in Customer Journey Time




ldeas & Options

What train What |
performance Howmuch service levels?
How much JO@

Cfitw Capacity?
How much
What speed? recow

Where to store
What power

| | o _ recovery margin
S“pw Complex-System Optimisation

Problem | 26 Wa Yl NI O

train W

DistanceTo-Goor
Moving BlocR

incentives?

Track Friendly
Bogies?

What asset
management
strategy?

Car articulation?

Energy Storage~

Remote
Train Operatiof:

Composite
materials?



How to doSystem3Optimisation

Understand and evaluate system interdependencies

Standards ‘ Externalities Ste p 1:
Codes / Civils& Policy
Regulations Tunnel | Set up gprocesdo
Best Practice . manage the system
Track .. .
1 KJ{ optimisation
Passengers ‘ Power l
System St -
ep2.
Costs & | Smp P .
Develop an integrated set

of modelling toolsto:
Aoptimise:
-system wide impacts
-trade-offs
-risks
A achieve objectives

. Signalling
&

Control

It\

Law
Contracts

Affordability
Financing



System Optimisation Process
SOP



SystemOptimisation Process

w Goal
- Evaluateimpact of options on the system
- Optimisesystem solution to maximise value for money
- Prioritiserequirements / investment
- Inform stakeholder engagement

w Methodology and modelling tools to optimise thgstem as a whole:
¢ Integrate
¢ Systemwide impacts
¢ Optimisewithin constraints
¢ Sensitivitied risk

w Throughout project lifecycle:

¢ Optimise specification for System Conceptual Design
¢ Finetune system after implementation
¢ Value manage the Supply Chain

w Throughout system lifecycle:

¢ Optimise asset management strategies



Inputs

Options
Modelling Plan

Business Case
Development Rule

Passenger Deman

Target Service
Levels, Timetables

Train System Data
PPP/PFI Contracts
PreviousStudies
Best Practice
Standards

Research

[ERELERAL I

Inputs
Register

SystemOptimisation Process

Analysis

Simulation
PassengeDemand Business Casdodelling
¥ — Engineering

Simulation Optimisation
Reference of key

Case Output
parameters

Engineering |

L
Service / Timetabling

4
RaitWheel Interface

1

VWhoIeLifie Cost 7
BenefitAnalysis

-
TunnelVentilation

IH




SystemOptimisation Process

Complex Railway Network :

-
4

Business Cast
Modelling

\v

E&Smodel

: is WLCBA model

|

AOptions

Ainputs

ASimulation
Outputs

s ||

E&Smodel

E&Smodel

AOptions
Alnputs
ASimulation

Optimisation




SOP applications in London
Underground



SOP applications in LU

AOptimise and prioritise within affordability/deliverability
constraints:
- Optimise engineering technologies vs. operational flexibility

- Maximise value for money (maximise Benefit:Cost Ratio)
- Squeeze as much as possible out of assets within funding constraints

- Justify funding: quantification of system intactions:
- Improve predictability of Cost, Time, Performance and Quality

- Support joint working with PPP/PFI contractors
- Bring together systems engineering and business planning

AAssess sensitivities / risks
AFacilitate integration towards common business objectives

ASOP becoming part of business process



Case Study 2

ASOP is used to optimise existing line upgrade projects:

e.g.Major upgrade of the Victoria and S\Hurface Railway lines

- Evaluated & Maximisetbtal system wide Energy and Cost Savings
-£200mCapex

ReducedNhole-life Costs

-20% SSR15% VictoriaEnergy/CO2
eg.) dZNNBy (if & FdzNIKSNI 2LIGAYA ab




Case Study 3

ASOP is used to optimise future line upgrade projects

AExisting optimised Upgrade becomes the base
against which to optimise future upgrades
e.g.Rolling stock replacement for the Bakerloo and Central (TBC) lines in 2020

- Evaluatedotal System wide Energy and Cost Savings, and Customer Benefits Improvemen
- ldentifiedoptimal run times & service levels
- Value managinghe supply chain

9999+ 9-

wSEtIGABS (2 GSEAAID

-20 to-25%Energy/CO2
ReducedNhole-life Costs
£140m for Bakerloo, £225m for Centriabsitive Net Financial Effec

t




Future plans for SOP
In London Underground



Future plans for SOP in LU

w Bring inhouse and train internal resources

w Continue development of capability / tools:
¢ Project specific
¢ Longerterm/generic

w Apply SOP for all major line upgrade projects
w Strengthen business as usual (by being a part of)

w Make SOP part of the Systems Engineering common
process



Conclusions



Conclusions

SOP helps London Underground to:

w Inform stakeholders and assist decision making:

¢ Governance
¢ Projects
¢ Operators

w Justify funding for major projects/service capacity
enhancements on the LU network

w Optimise investment with current affordability /
deliverability constraints



Recommendations

Apply Systems Engineering & Optimisation to:
AEvaluateoptimise, prioritise andinform across whole system

AWhenaffordabilityis constraint,
maximise benefits for minimum Capex

Adustifyincreased Capital Expenditur@xtra Government funding
for longer term cost savings, energy/CO2 reductions, and custo
benefits

AValue managé¢he Supply Chain:
- Set data requirements
-LRSYGATe o6Sad w{eadSYy OIfdzsSQ LINEPRL
- Set correct contractual incentives and penalties



The End

Could your organization benefit from a




