-GeospatlaI+BII\/I key to transformlng

=construction to ensure resilience

Geoff Zeiss
Principal
Between the Poles
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Massive urban development is happening
DMIC

Delhi-Mumbai Industrial Corridor
(DMIC)

« US$ 90 billion project
= 180 million people will be affected

= 1,500 km in length between Delhi and

Mumbai. oz R
. ] i i o X Vafiodara.(Makarpura)
= Nine large Industrial zones of about 200- o l Gothangam |
250 km?
= High speed freight line, three ports, six Vasal Road e

airports and a 4,000 MW power plant.

Arabian Sea ﬁ

s DMIC Alignment mm Delhi-Mumbai Passenger

= Intended to be a smairt city Rail Link

e Junctions along DFC
© End Terminals ww= Feeder Rail Linkages
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30% rise in global energy demand to 2040

World Energy Outlook 2016 iea.org/WEO @

Includes COP21 pledges

= Energy-related emissions will grow
oy 0.5% per year.

. o . The en -
« Projects 2.7 ° C of warming v |

$44 trillion for global energy .
supply over next 15 years .

« Additional $23 trillion for energy
efficiency improvements. Euteventhen, anergy sectbr

are not on track for a 2 °C scenario
« Additional $12 trillion for 2° C

= Requires redirecting investment from
fossil fuels to renewables

To achieve 2°C target
the energy sector must
be carbon-neutral by 2100

I he 2 oC
s‘ ‘e 3
ha,,,

IEA World Energy Outlook 2016
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Figure 1: Buildings Share of U.S. Primary Energy Consumption (2006)

60% of world’s greenhouse
gas emissions sourced from
Infrastructure including
buildings

New buildings in EU must be designed to be

“nearly zero energy” il

- : “r q- * *

» 2018 - deadline for new public buildings x ok
*

= 2020 - deadline for all new buildings

******
*****
******

Energy Independence and Security Act of 2007

mandates N M —

*****
******

= 2030 - all new Federal facilities MUSE DE “NEl ZEI0 ———
energy” buildings.
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$90 trillion in sustainable infrastructure
Investment required over the next 15 years

New qopoacnito
Investrnant |
sustainable infrastructure
requirec

renewable energy, nuclear, CCS, low-carbon transport
systems), climate-proofed water and sanitation including some
alls and flood protection)

ard water/sanitation, high-carbon transport (e.g. roads),

Requir:s shitir the werld's canstiuction on/d fiaarciallse stoieto ensure
that this nmorey; ircreasingly=gavaes1s spent on=0wWs=earkbon,energy-
efficient project

Global Commission is chaired by former President of Mexico Felipe Calderén and co-chaired by the climate
economist Lord Nicholas Stern. Between The Poles



Who Is going to do all this ?




Historical Productivity in Construction

Labor productivity, gross value added per hour worked, constant prices,’
index: 100 = 1995

Construction productivity

48
Total economy
Germany 46

United 44
Kingdom 42

40
United 38
Kingdom
Germany

36
34
32
30
28

Construction
1995 /| 1997 . 1999 / 2001 2003 / 2005 | 2007 2009 2011 2013
1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

O::I T A 1S |

'Based on 2010 prices. 1990 1995 2000 2007

Source: Orgamsatlon for Economic Co—operatlon and De\/elopment SOURCE: EUKLEMS; Associated General: Contraciors of America, 2011; U.S. Bureau of Labor Statistid

© 2009 Autodesk Between The Poles



Funding increasingly private

The National Infrastructure Plan brings together the first
ever comprehensive cross-sectoral analysis of the UK’s
Infrastructure networks and sets out a clear pipeline of
over 500 infrastructure project . wor Y1 ever £250 billion
over the next 5 years.

The Government will use all the tools at its disposal to
facilitate the private investment that will finance the
majority of the E'K’s infrastructure.

wl
S

£400 billion over next aecaae ey iy

LA Lrwe Cirt s Bon ogiors A0t o0
P 535 Wt canedls ons Bemrgton
= rice ridge Marteronor Svedoe) -

Targ 2t 70 % pliviaee funding

SOUTRWIST

o et Rpd Trst shene om Aghoos Vol 1)
Briuarts

N

http://www.hm-treasury.gov.uk/national_infrastructure_plan2011.htm

o iain of 2 Tasgornns Ly
B0 MUtoods B gt Teonal

TORXIMIRL AND THLE HUMELR

® AL] Coly Lok Radd
o Wil Bwe fordie Big- oot Sbeme
@ izndon Faxd Bdpe (Pt
W e ME3 Betwe-e s

M1 ard Sammingham S 7 0o Arp
B MUALS Soeceam B sigde 003 mpasniers
B OO SOl S ! o 3 v 4

A
e S Al 22 B,

BNy O ALE st 77 etnre

porcoes 7 049

CASY OF ENGLAND

SR RSRen Sewrtpi- ! < oo ts grotd

SOUTH EASY

o N2 b Suvey - NS ny i eTe
Bectorenest of Fyrtien A
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Geospatial and BIM are key to transforming
construction

Five trends will shape construction and capital projects.
f | f

<+ Construction is ripe for disruption

+key technologies: Geospatial and BIM

= Reality modeling using phodar and LIDAR
technologies

= Above and below-ground: Ground-penetrating
radar, magnetometers, and other equipment,
Integrated with LIDAR

= 5D BIM

= Geocoordination enables full-lifecycle BIM -
iIntegrating BIM and geospatial by georeferencing
everything

Imagining construction’s digital future, McKinsey & Company

Between The Poles Between The Poles



http://www.mckinsey.com/industries/capital-projects-and-infrastructure/our-insights/imagining-constructions-digital-future

McKinsey: 5D BIM key for construction
transformation




Global BIM Adoption

» United States
» 2006 GSA mandated BIM for new buildings
= Singapore

= 2008 BCA implements e—submission
» 2013 BIM mandated for large bldgs

» United kingdom
= 2016 BIM mandated for public projects

= Norway
= 2010 BIM adopted for government projects

» Russia
= 2018 for public projects

= EU

= 2015 European Parliament recommends BIM
Mandate for publicly funded building

’
....

9
Wil
|

e
i é-:-':::‘l"lgz. 3
l :; Il Il I
1‘3” Il"“h;!!li [ L
et \Ill“ ”|)[ ]Ih\ ‘.
il |IH 'IH I“ ‘
L unmm Iu :

Iwnh
; u LT
i nnmliullﬂ

= Denmark

= 2013 State agencies require BIM for their
projects

= Finland

= 2007 State Property Services Agency requires
BIM for its projects

= Hong Kong

= 2014 Housing Authority requires BIM for all
new projects

= South Korea

= 2016 Public Procurement Service made BIM
compulsory for all projects over S$50 million
and for all public sector projects

= France

= 2017 mandated for public procurement

= Germany

= 2020 mandated for transportation projects

-
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McKinsey: 5D BIM a key technology

PRESIDIO
PARKWAY

PRESIDIO PARKWAY

SF Presidio Parkway Project

COST SCHEDULE
#:{" DESIGN |CONSTRUGT] = RORAL ‘INID}IIflMlAl'fl?l?lglelOJNlD TR ST e L o A T e T
19 0| $ o $ 0 8 ENVIRONMENTAL MITIGATION (S B——
Sl S Slet ety ol LLieEs 0 . UTILITY RELOCATION T n iunu
sllalaofs b oeiiol pin O o R
4 0 0 0 ...................................
o el N
it e Ul e T el 0|
", e X e T i I, o e s s——— -
8 0 0 0
RIGHT-OF-WAY | $ 7 PR | B 17t e TRy e e e
ENVIRONMENTAL $ O keI b Lo
FRET Speea s S oo IR S Sl SN me S S e e (165
ACCELERATION SAVINGS [$ 0
DESIGN
BASELINE ESTIMATE |$ 0 = AWARD / ADVERTISEMENT 12/15/2008
CONSTRUCTION

Caltrans - Parsons Brinckerhoff
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McKinsey: New geospatial technologies
key for construction transformation




Reality modeling (AKA phodar)

PhoDAR (phtogrammetric detection and ranging) based on
Structure from Motion (SfM)

Improved Vegetation Management with PhoDAR

Dave Twichell, Brian Baldwin, David Shear Between The Poles



New Imaging laser scanner lowers bar

Full-color panoramic images on a high "+«
accuracy point cloud |

= Infrared sensors for thermal imaging
= 360,000 points per second

= Range of 60 meters with 4 mm
accuracy

= Weighs one kilogram

Anticipated retail price of scanner and
software $15,990/€15,000

BLK360, Leica Geosystems+Autodesk

Between The Poles


http://hds.leica-geosystems.com/en/5604.htm?id=6885
http://hds.leica-geosystems.com/en/5604.htm?id=6885

UAVs - Beyond visual line of sight (BVLOS)

Beyond visual line of sight
(BVLOS) pilots

2015 UAS ‘Proof of Concept’ Missions

= Transmission line and tower

« Feb 3, 2016 Xcel completed the
first beyond visual line of sight
mission with UAV flights over 20 Bei=s ey > ol s storge
miles of transmission lines. inspecions

= Convinced that FAA will permit 5
commercial BVLOS flights in the | e e

near future.

Xcel launched UAV Proof of Concept project in 2015 with seven
UAV missions in 2015

Between The Poles



Advances In Earth-observation satellites

Digital Globe
* Revisit same place four times per day with

30 cm resolution
* Online access to 16 years of earth imagery,

about 90 petabytes

Planet Labs
* Whole Earth imagery very hour (future)

Terra Bella — was Skybox, acquired by Google
 Freqguent high-resolution imager
. J Jery g Terra Bella
urthecast

e Four cameras on ISS

* Near-real time - 0.75 m resolution

* OptiISAR constellation - optical + radar (future)

Between The Poles



Ground penetrating radar (GPR)

ﬁ )

»
-

3
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Indoor navigation

Wearable reality-capture
technology combines five
high-dynamic cameras and
two LIDAR profilers

= Creates a 3D view indoors
or outdoors for engineering
or professional
documentation

= Uses SLAM (simultaneous Map the interior of buildings by simply

localisation and mapping) walking through the building
to determine position In

GNSS-denied areas.

Leica Pegasus: Backpack
Between The Poles



Full-lifecyle BIM requires integrated
geospatial+ BIM




Full-lifecycle BIM: Netherlands

Design, build, finance and maintain
(DBFM)

= Contractor responsible for
designing, building, financing, and
maintenance.

Royal BAM Group nv / BAM Infraconsult

= BIM for Infrastructure process based around a geospatially-enabled
database.

= Everything georeferenced

= Data collected during design and construction migrated to an integrated
GIS+FM system for maintenance activities

= Reality capture at the beginning of the project, before design, using laser
scanning.
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Full-lifecyle BIM: Crossrail

UK Government mandated
BIM Level 2 April 2016

» EXpects 20% savings on
design and construction

= Biggest benefit 40% savings
during operations and
maintenance

Crossrail largest engineering project in Europe

= Full-lifecycle BIM - 3D model used during design and construction
iIntended for oprations and maintenance

Between The Poles



Full-lifecyle BIM: Substation in downtown Wuhan

Miaoshan 220kV Secondary
Transformer Substation

= Everything geolocated
(geocoordination)

= Design and construction model
and associated data brought
Into FM application

= Enabled efficient management
of plant data, technical
specifications, operation and
maintenance manuals and
other detailed information for
operation and maintenance
management

Between The Poles



Full-lifecyle BIM: Hydropower generation plant

Longkaikou Hydropower Station

= 3D BIM design shortened
design cycle, improved project
and service quality, and
reduced construction costs

= Everything geolocated
(geocordination)

BIM model provided the basis
for digital operation and
maintenance of the facility by
the owner.

e Ll Wl
= aﬂl’b ﬁ!h.sr'usr g ‘
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Modeling existing infrastructure




MOLLENHAUER GROUP — Metrics

Scan to BIM

MO”enhauer - major fUture : : * Demanding 12 week program
bUSineSS Opportunity ‘-_ o : schedule for Phase |

* Approx. 750 scans and 800 GB
data in total

» 38 km of piping
* 57 km of structural framing

* Model used by an International
team of architects and engineers

= Has identified major business MOLLENHAUER
opportunity in energy performance
modeling for existing buildings.

» “Scan to BIM” model is the starting
point for energy performance
modeling and redesign

MOLLENHAUER
Mollenhauer (Los Angeles) Between The Poles



Modeling underground infrastructure




ACROSS THE UNITED STATES

THE CONCERNS

UNDERGROUND UTILITY LINE HIT EVERY 60 SEC

ANNUAL COST DUE TO UTILITY DAMAGE RANGES IN THE
BILLIONS 7=

INACCURATE RECORDS AND LOCATING
UTILITIES NOT MARKED

CROWDING WITHIN THE RIGHT OF WAY

3D Intelligent City Infrastructure “%\




Las Vegas 3D infrastructure model

VTN Consulting Between The Poles



International Efforts to Geolocate Underground
Facllities

» France — A nation-wide multi-billion euro project is underway to
map France's underground utility infrastructure to 40 cm.

= Penang, Malaysia — Penang-s Sutra D'Bank(Penang State
Government Subterranean Data Bank is maintained by a joint
venture company EQUARATER (PENANG).

= Bahrain - Bahrain's Intelligent Decision Support System (IDSS)
provides single repository for all underground facilities.

= Sao Paulo, Brazil — The City of Sao Paulo's GeoCONVIAS project
Integrates data from 20 to 30 utilities which operate in the city of
Sao Paulo.

= Rio de Janeiro, Brazil - The City of Rio de Janeiro has a similar
project GeoVias funded by the government of the City of Rio de
Janeiro and four utilities.
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International Efforts to Geolocate Underground
Faclilities (cont.)

= Tokyo, Japan (now deployed in major Japanese cities) — Many years
ago Tokyo developed the mainframe-based Road Administration
Information Center (ROADIC) system

= Sarajevo, Bosnia — Over 40 years ago as part of the permitting process,
Sarajevo mandated the recording the location of all utility and
telecommunications infrastructure in the city.

= Calgary, Alberta — A number of years ago the City Government passed a
by-law which mandated that all utilities and telecoms working within city
limits must provide data showing the geolocation of their infrastructure to
the city's Joint Utility Mapping Project (JUMP).

= State of Jalisco, Mexico - The Instituto de Informacion Territorial del
Estado de Jalisco developed an integrated infrastructure database for
the State of Jalisco.

= Edmonton, Alberta - Edmonton, Alberta has a shared facilities mapping
database.
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Intelligent cities




Energy performance modeling of entire cities

SlCa

Den Haag, Netherlands

Project to model one square
kilometer of downtown to
reduce and manage energy
demand
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Parsons Brinckerhoff
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Maintained infrastructure/building information
models are essential fir resilience

Urbanization and environmental challenges — "=sid| 7 3 “ww T

means massive investment in infrastructure
= More private investment

> Drives investment in technology

Advances In construction productivity

= BIM + geospatial technologies
= Full-lifecycle BIM model

» Requires undergroumd infrastructure modeling \&\ h =
T < _~

»Maintained above and below ground models il ‘/"5/

Intelliigent infrastructure models enable //l/ \,&

reSI|Ient C|t|eS Between The Poles




Geoff Zeiss, Principal
Between The Poles

geoff.zeiss@betweenthepoles.info

http://geospatial.blogs.com




