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Site Investigation Process

STAGED

7

.

Stage 1: Preliminary
Appreciation of Site
and Site Conditions

\

J

Stage 2: Site
Investigation before
Construction

Stage 3: Site
Investigation during
Construction

Indicative Breakdown of Site Investigation Costs (adopted from
Geotechnical Site Investigations for Underground Projects)

Fit-Out and Other Works
27%

Desk Study and Sl

Design

Geological Interpretation 5005

Lab Tests
5%

Mapping
<1%

Tunnelling Works
68%

= Fit-Out and Other Works = Claims
= Geological Interpretation = Desk Study and SI Design = Lab Tests

= Tunnelling Works = Field Testing/Sampling

= Mapping




Typical Project Examples

« Tunnel Projects: ~1.5% of Project Cost (Buildings: ~0.2% of cost)

Lake Mead, USA

Koralm, Austria 32.9 21.0 0.6
Glendoe, UK 6 1.4 0.2
YPL, UK - Stage 1 36.0 3.3 0.1
Point 1, Point 5,
LHC 25

« BH Length:Tunnel Length - (0.5 to 1.5)

- Generally considered the level at which risk of cost overruns are
reduced to an acceptable level

- Need to a/c for deep-drilled boreholes / borehole spacing
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Cost vs Risk

"You always pay for a site investigation
one way or another"

. Combined O3

—
_—

Costs of Risk and Effort

Cost of Risk

Increasing Effort of SI after Ash & Russel, 19;
Site investigation costs as %o Increase in costs of construction (%)
of tender price Range Mean
0-100 26
0-50 26
0-30 15
0-15 8

after Whyte, 1998
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Contract models

Owner’s Risk Contractor’s Risk
0% 100% Project’s Cost
—————— Turnkey = - - - -
————— Lumpsum = = = = =
- —=- Target Cost = - - -

- — - Re-measurable - - - -

- Cost Reimbursement - -

- Directly employed labour - — - = = = == -
100% 0%

After Kleivan, 1988
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Project Overruns

Public Projects
l94100 %100—— %100 !

70

Some
Delay

Serious
Delay
Due Proportion of 17
T Tthese delays due Proportion of
0 to ground 3 L'{?gfgf:‘;ays
u
Ground problems Dioblerms
5000 8000 Public
Industrial Commercial erojects
buildings buildings AQ, 2001
NEDO, 1983 NEDO, 1988
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Rock Tunnel — Causes of Delay

* Littlejohn et al (1994) identified the following causes for these
problems for rock tunnels:

- Excessive groundwater ingress and instability
- Excessive overbreak and collapse of blocky and “slabby” rock
- Poor TBM/Drill & Blast performance

Remote Working Considerations

 Cost of access and mobilisation of resource and equipment

« Making and maintaining access to drilling site (helicopter)
 Avoid construction of environmentally damaging access roads

« Small diameter pilot tunnel

: ARUP




Case Study: York Potas

POLYHALITE SHELF

POLYHALITE BASIN

1 MINESITE 3 MAINTENANCE, VENTILATION AND EMERGENCY ACCESS

2 MINERAL TRANSPORT SYSTEM 4 TEESSIDE GRANULATION AND STORAGE

6

Ore
Stockpile Granulation

PORT INFRASTRUCTURE

CONVENTIONAL UNDERGROUND MINING

Finished
Product
Storage

To Berth
—







Mine Site — Permanent Configuration

@z Environmental
Management Issues

MTS Tunnel shaft | S
(vent exhaust)

Single Access

e’
e
\ <t
e
—
o~

p— 4,
S —"
— :
_—

——
o i £
—

o
+ - _,_.—-——' =
—— AT

R

Integrated Spoil
Management

Mmehead buildings

Anticipating designated work and spoil areas
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Material properties
(laboratory)

Groundwater
(in situ and laboratory)

Mass properties (in situ)

Mass strength (laboratory)

Mass strength (in situ)

Axial compression, cu

Axial Compression, op
Tensile Strength ot

Modulus (E)

Shear modulus (G)

Modulus of deformation (Erm)
Poisson’s Ratio (v)

Density (pb, pd and pp)
Porosity (1)

Moisture content (w)

Plasticity (Ip)

Swelling

Slake durability tests

Abrasivity tests

Clay fraction

Clay fraction (XRD)

Clay mineralogy (SEM)

Clay mineralogy (microscopy)

pH and sulphate

Waste Classification Leachability/WAC
Shear wave velocity (Vp and Vs)
Gamma-Gamma, natural gamma, neutron, resistivity,
Caliper and verticality

Fluid flow, temperature conductivity
Water pressure (pw)

Permeability (k)

pH and sulphate

Vertical in situ stress (ov)
Horizontal in situ stress (cH and ch)
Cohesion ¢’ and cr

Mass strength Phi ¢” and ¢r

Shear stress (1)

Fracture index (iF)

RQD (RQD)

Dip (D)

Dip direction (DD)

UCS laboratory test on core

PLT laboratory test on core

Brazilian laboratory test on core

UCS with stress/strain laboratory test on core
By calculation

UCS with stress/strain laboratory test on core
Laboratory test on core
Laboratory test on core

Laboratory test on core

Laboratory test on core

Laboratory test on ‘minced’ core samples in an
oedometer

Laboratory test on core

Laboratory test on core

Laboratory test on core

Laboratory test on core

Laboratory test on core

Laboratory test on core

Laboratory test on core

Laboratory test on core

In situ downhole geophysics

In situ downhole geophysics

In situ downhole geophysics

In situ downhole geophysics

In situ groundwater monitoring

In situ packer tests

In situ and laboratory test on groundwater
By calculation and HPDT in situ testing
HPDT in situ testing

Shear box / triaxial laboratory test on core
Shear box / triaxial laboratory test on core

Shear box / triaxial laboratory test on core
Field test on core

Field test on core

In situ downhole geophysics

In situ downhole geophysics

Test method

Soaked or as received

Or by calculation derived from UCS (c,/10)
ISRM method?

Derived from E and v

Mincing required (see Atkinson et al 2003
Tunnelling in Mercia Mst QIEGEH)

BS methodology
Clay fraction

Clay mineralogy
Clay mineralogy

Other geochemical tests may be required
Derived from y.z

oh = k.ov (where k=v/1-v) (Hoek p165)
Saw cut or joint?

Saw cut or joint?

Saw cut or joint?

Optical / acoustic televiewer
Optical / acoustic televiewer



Tunnel Access Shaft

Temporary Niche Tunnel

Saddle Island Upper Plat:

Detachment Fault

Intake Pump Station 3 Stub
Saddle Island Lower Plat

TBM Assembly Chamber

TBM Starter Tunnel

Stub Tunnel for Future
Expansion
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Bl Cailvilla mesa formation: B Red sandstone unit: Bl sacicile Isiand upper plate: B Saddie Isiand lower plate:

Basait Conglomeratic breccia 8Bchist, amphibolite, gniess, pegmatite, dacite intrusives Amphibolite, schist, gniess
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Cost vs Risk

Costs of Risk and Effort

"You always pay for a site investigation
one way or another"

—
—
— o ———

Cost of Risk

Increasing Effort of SI after Ash & Russel, 19;
Site investigation costs as %o Increase in costs of construction (%)
of tender price Range Mean
0-100 26
0-50 26
0-30 15
0-15 8

after Whyte, 1998
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Up Front Costs

- Site Investigations in remote areas
- Accept fewer boreholes, but greater data volume
- Hitting the risk areas for highest design value
- Contract mechanisms to deal with uncertainty
-1 to 3% of build cost, early money more difficult to get?
- Don’t forget access costs

* Design
- Level to suit approvals and funding

- Approximate split for design and build (UK)

- 2% for early engineering (feasibility, fatal flaw, investigations)
- 6% for design

- 8% for client costs

- Early costs (Sl and Early eng) up to 5% of build costs............




Carbon Management

Aspiration Taxation

= Carbon taxes on the use of fossil fuels based on
greenhouse gasses produced.

= Doing the right thing = Duties on imported goods containing significant
non-ecological energy input

° Corporate responsibility = Severance taxes on extraction of mineral, energy,
= Public perception i and forestry products.

o = Specific taxes on technologies and products
= Early legislation which are associated with negative effects

= Industry aspiration = Waste disposal taxes and refundable fees

= Taxes on effluents, pollution and other hazardous
waste

= Site valuation taxes on the unimproved value of
land

ARUP



The Early Effects

EU/National Project _ ]
Policy Concept EIS/Design | Tender Construction
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The Early Effects

EU/National
Policy

“Transport 1s the only sector in which
greenhouse gas emissions are growing in

[2] of CO2 per pkm

2001 N _ the EU and this is not compatible with
180k areul igh Speed train ] )
1604 W o long-run targets for overall emissions
140+
Rolling Stock b

1201 W ore sk levels™ CER 2009

a0 4 B Track system ] .

s0+ 707 [[lco2  te% = 2008, the European Commission
40+ - -

20l Total 3043 [e] CO2 100% proposed a revision to the

0- . - . -

o] o meh spocd Eurovignette directive which allows

UIC Dec 2009

charges to reflect congestion, local air
pollution and noise

ARUP



The Early Effects

Project
Concept

Bridge versus Tunnel

Elevation of In

= Fehmarnbelt 9
= Forth Crossing @
= Tappan Zee -
= Antwerp <
= Alaskan Way 9

Level out € and CO, becomes critical

ARUP


http://www.femern.com/Material+folder/Popups/Pylon
http://www.femern.com/Material+folder/Images/Project/Bridge+or+tunnel?/cross-section_tunnel_UK.jpg

The Early Effects

EIS/Design

Public view/Approvals

= Realising efficiency and project
responsibility

= Written into Design &
performance requirements

Initiatives

= Energy savings....operation
Rehau, Janbach....Crossrail

Lean Design

ARUP



The Early Effects

Tender

Tender
Evaluation

pecification

|:> Selection

Tender
Evaluation

Contract
Management/
Conditions

Ensure that
specifications.

Environmental award
criteria can be used
providing they. ..

:

Contribute to
uacteristics (whether
isible ot not) of the
sroduct or service,

Has supplier been
convicted of a criminal
offence or are they

Environmental award
criteria can be used
providing they. ..

Ensure that contract

conditions are.

guilry of p
misconduct? Eg.
environmental
offences.

= _ =

spect rules on usc of

S

Are relevant to the
subject of the contract.

==

Are consistent with
fundamental principles
of transparency, equal-

treatment and non-

discrimination.

ure transpazent and
‘on-discriminatory.

Take proportionate
action.
Does contract require
environmental

capability or capacity?
(E.g particular skills)

Could you..

- =

Can consider this as part]
of selection.

Jse performance or
utput specification?

- _ =

Are relevant to the
subject of the contract

Relevant to the
performance of the
coatract and the
achievement of value for|
money.

Ate consistent with
fundamental principles
of transparency, equal-

treatment and non-

discrmination.

= =

Help identify the bid
that represents best
value for money for the

authority.

Does contract require
environmental

Tse criteria from an
Eco-label?

Use variants to
courage innovation?

LN

- =

Can consider relevant
aspects of EMAS, or
equivalent

- =

Not disguised technical
specifications, selection
or award criteria.

< =

Compatible with Treaty
principles.

= _=

Included in contract
notice or tender
documentation.

Where possible, work
with suppliers for
contnuous
improvement.

See Section 4.

‘ See Section 5.

| See Section 6 ‘

See Section 7

= =

Help identify the bid
that represents best
value for money for the
contracting authority.

UK Government
*“Procurement for a Sustainable Future”
*Centre of Expertise in Sustainable Procurement (CESP)

Tender and Prequal Requirements

= Generic Corporate policy
statements

= Transition to proof that

proposals “meet the mark”




The Early Effects

Construction

The realisation of a better end result?
= Aspiration
= Efficiency
= Profit?

Abilityto |

influence

carbon

Plannir;' Design ] E):nstruction‘ Operation ”Maintenan::e*_ Use  Decommissioning

ARUP



CO,ST

= A tool for top-down
estimates for cost and
carbon

= Based on research in
association with Cambridge

= Growing database of BoQs
from various projects Overall Project

= Allows rapid assessment of
CO, for projects at early Primary project
stages I |

Secondary
project
elements

Civil

Earthworks Structures




Embodied Energy of
Raw Materials
65%

Breakdown of Tunnel Embodied Energy

Construction Energy
30%

Material Processing

Energy
3%

Transportation Energy
2%




1200 Global Steel Prices

= Cost sensitivity

TO I Ocal market 1000 USA ($/Metric Tonne)
TO eco n O m i C CyC I e East Asia ($/Metric Tonne)

0]
(=]
o

TO pOI iti Cal Northern Europe ($/Metric Tonne)
Influences

To good business

A

W=

S per Metric Tonne
(o)}
o
o

S
o
o

Estimated cost escalation 2012

Australia
Canada
China ' ’ ' ‘
Germany 1/3/2009 1/3/2010 1/3/2011 1/3/201
India
Ireland
Japan
Malaysia
Russia
Singapore
South Africa
South Korea
UAE
UK
us
Vietnam
I T T T T 1
0.0% 2.0% 4.0% 6.0% 8.0% 10.0%
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Cost / CO,ST

Which is the better measure of efficiency?

= Costis volatile......... CO, 1sn’t

- We can now compare multiple projects to see if design and
construction are efficiently carried out

- Contractors can assess projects outside fluctuation of unit
prices and across different markets

- Clients and funding agencies can understand value and
efficiency from another perspective

ARUP



BIM “Building Information
Modelling (BIM) is a
collaborative way of working,
underpinned by the digital
technologies which unlock
more efficient methods of
designing, creating and
maintaining our assets.”

BIM

« Design

* Build

» Operation & Maintenance

» Asset & Organisational Performance
 Social Performance

Construction Industry Council, CIC - Growth through BIM (2013)




e
aVas wisY pUAmY,

“Building Information
Modelling (BIM) is a
collaborative way of working,
underpinned by the digital
technologies which unlock
more efficient methods of
designing, creating and
maintaining our assets.”

All construction companies
tendering for Government work
required to achieve level 2 BIM
by 2016




Planning - Operations & Handover

MLIT, Ministry of
Land Infrastructure,
Transport and Tourism
in Japan, executed 38
BIM pilot projects for
Infrastructure last year.

Lifecycle Information Management

Traditional Project Delivery

Data, Knowledge, Information

Not to scale

USA — National BIM

Standards
Dumb :> Data |:> Intelligent
geometry enrichment parametricdata | korea - BIM Roadmap and
L= = . B L= ....... . . .
2D lines 3D tube 3D pipe 3D pipe 3D pipe Australia — National Building
2, lengtlh. 2, length, 2, length, Information Modelling
materia material, material, flow TP .
flow Filta: fatsl yala, Initiative and Guide
system relationships++
calculations Singapore — BIM Regulation

datasheets Pilot Guidelines

. ARUP
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Better Information Management

* International Association of Engineering Insurers (1AEI)

- €570M of economic losses incurred in 18 tunnelling projs
(1994-2005)

- Av. delay in completion — 19mths

* Failures in ground-related construction projects are mainly due to
shortcomings in the use of available data and knowledge as
opposed to uncertainty due to unknown factors. - cardenas et al (2013)

Exabytes per Month 23% CAGR 2013~-2018

110

2013 2014 2015 2016 2017 2018

Source: Cisco VNI, 2014 Cisco® Visual Networking Index (VNI)
The percentages in parenth next to the legend ¢ the device traffic shares for the years 2013 and 2018, respectively, G|0ba| Internet Traf‘fic

ARUP

B Non-Smartphones (0.1%, 0.2%)

B Other Portable Devices (0.1%, 0.5%)
B M2M (0.5%, 3.7%)

W TVs (4.7%, 6.2%)

B Tablets (3.1%, 18.0%)

B Smartphones (5.0%, 21.0%)

B PCs (86.4%, 50.5%)




Better Information Management
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Cost vs Risk

"You always pay for a site investigation
one way or another"

. ed Cost.
- Combin="="=

—
P

Costs of Risk and Effort

Cost of Risk

>
after Ash & Russel, 1974

Increasing Effort of S

after Whyte, 1998
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Cost vs Risk

>

Costs of Risk and Effort

"You always pay for BIM one way or another

_eem mm mm =

Cost of Risk

>

Increasing level of BIM adoption e ash & Russel, 1974

after Whyte, 1998

ARUP




Virtual Modelling

Hong Kong: Admirality Station

G ARUP




Crossrail: Adaptive |&M

OVERVIEW SITE

% Options -

Triggers | - Open |~

INBOX

Green Twist Trigger Breach
LU Track
Twist for Cant Groups 315 and 325 is 28.4. Sensor group LU Eastbound.

0107/2014 -

Green Twist Trigger Breach 01/07/2014
LU Track

Twist for Cant Groups 114 and 125 i -30.9. Sensor group LU Eastbound.

Amber Twist Trigger Breach 29/06/2014
LU Track

Twist for Cant Groups 24 and 26 i 37.3. Sensor group LU Westbound.
Green Twist Trigger Breach 24/06/2014
LU Track

Twist for Cant Groups 180 and 181 & -14. Sensor group LU Westbound.

Green Twist Trigger Breach
LU Track
Twist for Cant Groups 176 and 177 is -15.6. Sensor group LU Westbound.

23/06/2014

Green Twist Trigger Breach 22/06/2014
LU Track

Twist for Cant Groups 127 and 128 is -14. Sensor group LU Westbound.

Green Twist Trigger Breach 19/06/2014
LU Track

Twist for Cant Groups 122 and 127 i -26.3. Sensor group LU Westbound.

Green Twist Trigger Breach 19/06/2014
LU Track

Twist for Cant Groups 410 and 420 i -27.8. Sensor group LU Westbound.

Green Twist Trigger Breach 19/06/2014
LU Track

Twist for Cant Groups 408 and 418 is -26.3. Sensor group LU Westbound.

Green Twist Trigger Breach 19/06/2014
LU Track -

24h (7¢ 1m 3m ém YTD All

—

03/07/2013 - 03/07/2014

LX)

WWWw.crossrail-aim.com
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Transbay Transit Centre — Global Analyzer
TTransbay Transit Center -

T ADMINISTRATION CONSTRUCTION DOCUMENTS INSTRUMENTATION DATA

Logged in as:

" % | Administrator
’ Client

{ “ Administrator

Logout
Map Layers

Instrumentation

@ Piezometer

© Inclinometer

@ Extensometer

% Settlement Marker

© Deep Settlement Marker
A Tittmeter

[ strut Strain Guage

£ Noise Monitoring

@ Total Station - Building Survey
¥ # Total Station - Survey Control
¥ © Webcam

SRR EREE

Map Layers
Base Mapping

[¥] Buildings

Search Instrumentation

Search

http://ga.arup.com/
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BIM Tool — Tunnel Optimisation Tool (TOT)

[ CERN FCC

€ - C | [} glogis04/cern/index.html# kg =

(@=ED) ARUP i

Geology Intersected by Shafts Shaft

Shaft Depth (m) Geology (m)
Shaft  Actual  Min Mean Max Moraine Molasse Calcaire

Tools

Choose alignment option

83km circular v

Tunnel depth at centre: 292mASL

Gradient Parameters
Azimuth (°): (
Slope Angle x-x(%): 5
Slope Angle y-y(%): 0
Position of Shaft 1 from tunnel
start: 1000m

1 ey
Alignment centre
X 249772¢ Y. 1108727

Total 2557 2396 2532 2692 443 1742 429

Alignment Profile

1000m —Surface
—Lake

vagm —Molasse

200m ~Calcaire

00m = *Alignment
—Shaft

EB{IUm
7 500m
<

£ 400m

200m

Okm 10km 20km 20km 40km 50km B80km 70km 80km

Distance along ring clockwise from CERN (km)

Geology Intersected by Tunnel




= Data: Japan cowimen
Data: Japan

BIM for Construction Data From
Contractors in Japan
J_apa_.neﬂe contractors are engaging m_BlM at moderate Ie_vel.q but are reporting o Planned BIM Investments . Pla 1 BIM . Top Benefits Cited by
significant benefits from doing so. This should help spur increased usage, as ¥ 0 Next Two Y. | Investments ! Contract in J
should the investments oriented toward building capacity for and expertise i R::rd ¢ H'"::V ear:l_ hi ! News! ded tabletsimobil ! ﬂA?::o::Fn B:: :inen:f?‘.an
in BIM. Higher profits and lower costs are key factors to BIM use in Japan. 2 ec¢ as Mighivery Highin | Mew/upgracediadletsimoble | 9

% Importance 1 devises, BIM software, developing . Category)

_______________________________________________________________________________ F R P—— | custom 3D lbraries and BIM frain- | 5o M Conseuesin, 105

g W dapan | ing areinvestment areas inwhich ! W Japan
BIM Engagement ! Length of Time Using BIM ! Current BIM Implementation < B AllRegion | Japanese contractors place high/ | B ANl Regions
Therearethree components that : Sewor Nedww Hil Conamicion, 2013 : Level 9 : veary highimportance. These areas :
comprise the BIM engagement level | g Japan Il Al Regions | Seums Mol Hil Consesien, 1013 2 NewlUpgraded Tablets/Mobile Device's i all correspond to the moderatelevel 1 Intemal Banefits of BIM
(seapage 14): experience with BIM, | P i W Japan W AllRegions Z 57% | of BIM engagement, since these are | Marketing New Business
expertiselevel and implemantation | - i ] 38% | investments related to building inter- | _27%
e . . . are. - . . . . - .

e i e i e i e R R i

reg
mo

THEBUSINESS VALUE OF BIMFOR CONSTRUCTION IN MAJOR GLOBALM ARKE TS

respondents (see page 26).

Reduced Cycle Time for Project Activities

usaof BIMin construction activities
for Japamesa contractors com parad

-~ Japanese contractors are engaging in BIM at moderate levels but are reporting
w  significant benefits from doing so. This should help spur increased usage, as
should the investments oriented toward building capacity for and expertise
in BIM. Higher profits and lower costs are key factors to BIM use in Japan.

significantly more contractors in
Japan lsee page 36). »

bui
ing
e I T T I e e T T e e e e e e T T e e e e e T T
other
(seepage3dl). 1 . Developing External . AL
: i ; Collaborative BIM Processes | Japan. In contrast, reduced overall | Design Firms
ROI on BIM i | | ! | iLowBIM | {Hih BRI | 40% | project duration is noted as a project |
| 1Begimer (Moderate Advancad (Expert 1 |Engagement | Engagemart : - i
InJapan, nearly all contractors report | 1 ' ' ' o Medi H 3y el a3% | benefit by farmorefirmsin Japan. |
a positive ROl on BIM. Further, the ! . :EIan H :EILIV g ) ! | BetterCost Control
share that report very positive ROl | o | Engagament | Engageent Enal\iaallannnrg‘t\g\-lenglrﬂa I’mna sos ' Top Activities © Predictability
(40%) is higher thantheparcentage 1 1 1 200,
. . PRE-CONSTRUCTION
reporting the sarme in ary other | Perceived ROl on BIM ! Factors Most Often Cited as 37 | i " | 21%
N ' - . - 49% 1 Integration of model with cost |
region. More Japanesecontractors | Sews MeDuw Hil Consmueian, 30 1 Having High/Very High Impact ' ! P '
. | X 1 o | (5D]is used by significantly more |
are al so formally measuring BIM | [ Very Pasitive ROI 0 ver 25%) 1 on Improving ROI NewgUpgraded I Japanesa contractors com pared 1
N . | h
ROI on projects compared with | [ Modentely Pasitive ROI (Upto 25%) [ Destiop Machines i with all respondents—53% versus i
respondents in most other regions. Il e gative/Braak- Even RDI | Better Multi-Party Communic ation s 27% | 29%, respactively, BIM invalue 1 withall respondentsis for BIM use
The top business benefits that | 3w 1 and Understan ding From 30 Visualization 3% | s R .1 forsupply chain management (37%)
et N 1 ! G20 | engineering isalso more commonin N N
would help drive increased ROl in | ! ! Japan (30%versus 16%) 1 and model-driven robotics (33%).
Japan line up against those for all ! | Lower Project Cost | -ap . | In Japan, the use of BIM on
regions investigated, though lower | | 55% | CONSTRUCTION AND | post-construction activities is
project cost is significantly higher | | improved Project/Process Dutcomes | POST-CONSTRUCTION | overwhelmingly higher with
inJapan at 55%versus 29% forall : 57% : a5% : The only notable differences inthe : almost all activities reported by
i i i i
1 I 1 1
,

SmartMarket Report

MeGraw HillConstrustion D2

A5%

wiw wL o nstruction.com

MeGrawHill Construetion 53

www._construction. com

SmartMarketReport

McGraw Hill Smart Market Report 2014 - The Business Value of BIM for Construction in Major Global Markets
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Summary

» Ground Investigation
- Risk vs Cost needs to be understood and baselined
- Needs to be understood in context of whole project design
- Opportunities and savings to be made if done well

* Information is key
- BIM and technology will drive efficiencies and reduce cost
- Embodied through whole life costs: Design -> O&M

- Drivers: Legislation and Innovation for increasingly changing
technological and global societal landscapes
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