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1. Introduction of the speakers

lan Minnes Edgar Westerhof Melissa Hew
Practice Leader Vice President and Urban and Coastal
Net Zero Programs North America Resilience

Climate Adaptation Consultant

Solution Leader
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2. Topic of Today

In a time of increasing climate extremes, this session emphasizes the importance of bridging the gap between the
public and private sectors to prepare for climate challenges. It will cover climate mitigation (energy conservation and
sustainable practices) and climate adaptation (readiness for extreme weather events).

This session will discuss preparing for and mitigating climate extremes in the built environment. It will cover
understanding climate risk, asset vulnerability, and emergency/permanent risk mitigation solutions for the private sector.

This webinar will provide detailed insight into risk mitigation and global best practices, highlighting the importance of
public-private collaboration in building climate-resilient cities. The session aims to inspire innovative solutions and
partnerships to address climate change challenges, empowering individuals and organizations to contribute to a more
resilient and sustainable built environment.
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3. Learning Objectives

1.

Understand the value proposition associated with ESG (Environmental, Social, and Governance) performance, including
the benefits and significance of effectively implementing ESG practices within buildings.

Understand the current state of practice of climate resilience planning and risk preparedness in the public and private
sector through best practice introductions.

Understand climate risk mitigation through risk scoring and defining base and design flood elevations for built assets,
performing vulnerability assessments, and defining conceptual solution strategies for flood mitigation.

Learn from real-world examples, such as Battery Park City in New York City, and 7 Square Endeavour in Rotterdam, on
how private sector investments can supplement public resources for an integrative approach on climate resilience,
decarbonization and hazard mitigation
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Flood, heat, drought. Our climate is changing...

32 U.S. cities, including New York and San
Francisco, are sinking into the ocean and

face major flood risks by 2050, new study
reveals
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Arizona, New Mexico, Colorado, Nebraska, California and Idaho are using i v
more water than they receive each vear, depleting groundwater reserves
to support farming and industrial use.
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Heat Wave Duration
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"The extremes of today, in the future, will be the new normal.”

https://www.washingtonpost.com/climate-environment/interactive/2023/water-scarcity-map-solutions/



Close to half of all global emissions are produced BULDING sciences 3 ARCADIS
in the construction and operation of built assets.

TOTAL ANNUAL GLOBAL CO,EMISSIONS
Direct & Indirect Energy & Process Emissions (36.3 GT)

: 5.8% RESIDENTIAL
(21G1) DIRECT

TRANSPORT o RESIDENTIAL
%g:{]o PLILDI A% et
' 27.3%
(9.9GT)
2.8% NON-RESIDENTIAL B U I LT
UCCIE - pu ENVIRONMENT
OTHER . 4 2 °/
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e BUILDING [t (15.3GT)

cemenlt, iron & steel,

aluminum
4.1% BUILDING DIRECT & INDIRECT
7.7% R CCVENT
(2.8GT)
9 BUILDING DIRECT & INDIRECT
|§E6Rr#. (31.3664°) IRON, STEEL, & ALUMINUM
INDUSTRY iron & steel,

) aluminum P )
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© Architecture 2030. All Rights Reserved.
Analysis & Aggregation by Architecture 2030 using data sources from IEA & Statista. 9



While the industry has begun to decarbonize, BUILDING sciences A ARCADIS
increasing populations will drive exponential
growth in construction.

WILL DOUBLE IN 40 YEARS

Eurasia +1.8B m?
Western Europe +2.6B m?

Japan & Korea +0.2B m?®

North America +9.8B m? oo L china !
Latin America +14.0B m? India +25.5B m?
South East Asia +8.4B m?
Africa +25.6B m?

-.

Australia +0.78 m?

Figures in bilicns of m2. Sources: Architecture 2030, Global ABC




3 ARCADIS
Strong ESG and Sustainability Credentials

Increase Investment Potential

“ Assuring sustainable and ethical just management “
of Environmental, Social and Governance (ESG)
risks, opportunities and impacts that can affect

Sustainability is meeting the needs of the present
without compromising the ability of future

generations to meet their own needs.”

United Nations Brundtland Commission

future revenue of a financing”

www.arcadis.com/esg-esia

Brand ngnition Public Perception

In\,e.-:)‘:lic}nziloyeesc} m p e t’ tO r SC\" € nLS



BUILDINGS FOCUS ON

Future of the Built Environment PERFORMANCE

CLIMATE
RESILIENT
Buildings are entirely climate resilient:
green, energy neutral buildings that
are designed to withstand floods and

heat stress and that are part of climate
resilient cities and urban areas.

The sustainability performance, energy performance, and other
performances are central drivers for comfortable living and working,
and also determine the value of a building.

ENABLING WORKING AND
LIVING IN A 24-HOUR ECONOMY

In our 24-hour global economy buildings will provide
combined working and living space. Leisure, sports,
shops and other amenities are combined in buildings
that provide 24-hour connectivity.

CIRCULAR
BUILDINGS

= | FLEXIBLE
B | BUILDINGS

Buildings will facilitate flexible use. They
are adapted for changes in use on the
short term, while being constructed for
the long term. Smaller and flexible units
will provide living spaces for the growing
urban population.

COGNITIVE
@ BUILDINGS

Buildings will be able to autonomously
manage its internal climate (light,
temperature, air) and efficiently
adjust e.g. energy use by themselves.
Cognitive buildings are connected to
smart grids and are part of the loT.

Buildings are circular: built with reused
materials and/or biobased materials, are
modular and deconstructable. They have
become a temporary storage of materials and
products.

Buildings create energy through
photovoltaic solutions and

are highly energy efficient and
independent of fossil fuels. Buildings
are connected to a smart grid to
share and store electricity and heat.

SUPPORT
A HEALTHY
LIFESTYLE

Buildings provide a healthy
environment: healthy noise
management, optimal temperature
management, clean air and daylight.
The design fully supports the
wellbeing of its users.
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What is Net Zero?

GHG Scope Classification

Direct emissions from owned or

controlled assets and/or facilities.

- Greenhouse gaiemssmns from humhn aptlw
emissions reductions. It refers to theequ
gas production and removal from the envi

|

..

- Balance between greenhouse gasm ' \d re | e ;' ,
' B

environment.

Indirect emissions from the purchased
energy ( electricity, steam, heating &
cooling)

Indirect emissions from purchased
upstream or downstream activities

such as goods and services,
transportation, and distribution, leased
assets, and/or end-of-life treatment of

sold products.



What is Net Zero Carbon?

NET ZERO - EMBODIED OPERATIONAL AVOIDED
EMISSIONS - CARBON + CARBON EMISSIONS

* Upfront carbon - Direct emissions - Exported green
+ Use stage embodied * Indirect emissions power

carbon - Carbon offsets
- End of use carbon " L
I
KOPERATONIAL | GHG emissions associated with operations \ (EMBODIED | GHG emissions associated with cons
of a building and demolition -
This includes all carbon released from energy to heat and power * Raw material extrqct_ipu t j
the building : ~

y « Manufacturing and processing, transportation and
* Lighting installation of all building materials T ——

S Garbon released by plants and dlchiner, DS
+  Power & plug loads (idle consumption) A o | &l1C I C I RO

building process
+ Heating, Cooling, Ventilation
« Building envelop (windows, walls, roof, etc.)

\© Lifts, automatic doors, etc. e\ %




Federal Goals penses e £ ARCADIS

The first National Blueprint for the Buildings sector —
Decarbonizing the U.S. Economy by 2050, was launched in April, 2024.

N Reduce U.S. building emissions 65% by 2035 and 90% by 2050 vs. 2005 while enabling net-
zero emissions economy wide and centering equity and benefits to communities

CROSS-CUTTING GOALS

o
% Equity — Advance energy justice and benefits to disadvantaged communities

Affordability — Reduce energy burden and technology costs so all can benefit

L ~
5 @ = ")|(+ Resilience - Increase the ability of communities to withstand and recover from stresses

© ¥ . fl

Increase building Accelerate on-site Transform the grid edge Minimize embodied life
energy efficiency emissions reductions Reduce electrical cycle emissions

Reduce on-site energy use Reduce on-site GHG infrastructure costs by Reduce embodied emissions
intensity in buildings 35% emissions in buildings 25% tripling demand flexibility from building materials and
by 2035 and 50% by 2050 by 2035 and 75% by 2050 potential by 2050 vs. 2020 construction 80% by 2050

vs. 2005 vs. 2005 vs. 2005

Rapid decarbonization of the buildings sector by 2050 is marked by the achievement of three crosscutting goals and
four strategic objectives.

U.S. Department of Energy, 2024
18



BULDING sciences A3 ARCADIS
Local regulation of energy and carbon from bunuiny»s

i)

NYC
LOCAL LAW
97

Buildings over 25,000 square feet will be required
to meet new energy efficiency and greenhouse gas
emissions limits by 2024, with stricter limits
coming into effect in 2030, to reduce the emissions

produced by the city’s largest buildings 40 percent CARBON NEUTRAL
by 2030 and 80 percent by 2050. B E R D O 2 . O BOSTON 2050

19
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How can we decarbonize buildings?

The more carbon you save upfront, the less carbon offsets are needed.

N2

N () ® A i G

£y
Smart Energy Renewable Grid Integration Building Embodied
Growth Efficiency Energy & Storage Electrification Carbon

A ARCADIS

Carbon
Offsets

DEEP ENERGY RETROFIT + DAYLIGHT HARVESTING+ SOLARPV « GEOTHERMAL - BATTERY STORAGE « MATERIAL OPTIMIZATION

* INSULATION -« BUILDING FORM + RADIANT COOLING < THERMAL STORAGE -+ HEAT PUMP -+ STRUCTURAL OPTIMIZATION

SPACE UTILIZATION -« PASSIVE DESIGN « SOLAR THERMAL ¢« DISTRICT ENERGY ¢« ELECTRIC VEHICLE PARKING « EPDS & HPDS

+ AIRTIGHTNESS + RIGHT SIZING - BIPV « COMMUNITY ENERGY +« NETMETERING -+ DESIGN FOR DISSASSEMBLY

15 MINUTE CITY « EQUIPMENT EFFICIENCY « MICRO HYDRO -« MICRO GRID - BIDIRECTIONAL CHARGING « DURABILITY
« BUILDING ORIENTATION « RADIANT HEATING <« WASTE HEAT RECOVERY « LOAD BALANCING ¢ SMART BUILDINGS
TRANSPORTATION « THERMAL COMFORT « DEMAND RESPONSE + PRECOOLING + PREHEATING « PREFABRICATION -

* RIGHT TO REPAIR
MODULAR



Tactics to achieve deep emission reductions )\ sisiaeics @ ARCADIS

The price of carbon offsets are expected to
increase. Act now by prioritizing solutions
that will reduce the need for carbon offsets.

Minimize demand of energy Carbon reduction
potential

Planning  Explore alternatives. Do we build at all?
Early-stage design decisions have the
highest potential to reduce embodied
carbon in a built project.

100%

Use onsite renewables or
alternative fuels

Design  Reduce and optimize matenals usead.

Build efficiently and minimize waste.

Ottset residual emissions.

0% Consiruction Operalion and mainianance
Project development stages

Agapad o Bringeng evnbochad carbor wirond, Wond Graan Buwldeng Councd 2079

The cost of change increase per development stage.
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Endeavour | y &=

Schouwburgplein Rotterdam — The Ne

. Solving Urban Challenges Together
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A carbon-neutral and climate-resilient ———
.

Schouwburgplein (Theater Square) by

Principles

- The square as a Rotterdam testing ground for
sustainable and climate-adaptive measures

=
B

- Exemplary and scale able

* (Local) collaboration is key (bottom-up)
- Strategic and integrative approach

« Together with and for the neighborhood

» The Rotterdam square is the first square in a
series of seven worldwide.

* Innovative cyclic solutions and reproducible
business cases
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How?

Public-private partnership: complementary stakeholders working together

.E. THEATER "% codarts
[}

DE DOELEN TH AMVE ST Ratr— =l

WYa43110Y

R~ '4..,;@"’
Gemeente -
Rotterdam .¢ Hoogheemraadschap wan

Schieland en de Krimpenerwaard

A Ministerie van Infrastructuur
cxl en Waterstaat

Governmental

A ARCADIS g D DURAVERMEER m

Knowledge and innovation




£
Redevelopment ‘ o
Integrated approach SEVEN SQUARE

ENDEAVOUR

B it L

Three strategies (intertwined)

Climate Climate Optimize sl Financial

adaptation adaptation space Model Clhmsie 4 R0

Water Strategy Place & Space Energy Strategy

i e e

Urban Water Buffer Green Roof Y::*llo_‘:v / Explore (collective) purchasing
I HOOT and/or generation of green energy I
Collective Cold- e
Heat Storage Energy monitoring,
‘ Blue roof Red roof System (ATES) storage and exchange l

Y codarts sl
AMVEST ﬁ & =l R O  DOwonnee L TR TNO

DE DOELEN rotterdam




Projects
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Energy system

Loop with source I 1
temperature ']
m- (W
HE
iy mm 'R R
mm mm [ I |
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N - 0
++

Heat Cold Storage (ATES)

(ATES)

One of the options: Decentralized heatpump system



Conclusions

Movement by inspiration!

It starts with an idea and inspiration

Find the right partners and people

Find an authentic cooperation model

With this you will create energy and momentum Erwas eens een plein

‘Goh leuk idee, maar we doen het toch wel samen?’




Embodied and
operational carbon
management for
Metrolinx on their
Ontario Line Metro
Development.

. Arcadis is leading the building design for Ontario
Line’s Rolling Stock, Systems, Operations and
Maintenance Facility (RSSOM).

»Location: Toronto

» The Ontario Line will bring 15.6 kilometres of
much-needed rapid transit to Toronto to make
moving around the city better, faster, and easier
than it is today. RSSOM is where the new trains
will be housed, cleaned, and maintained to keep
them running smoothly.

© Arcadis 2024 PECh A s AT el i."-:'_ iJ:J;‘ 11 July 2%4__.- s



- @ @ Low Carbon
o n c u s I o n S 348 kg COze/m? GFA 189 kg COze/m? GFA | ¥-46% below baseline

Carbon footprint Tn COse - By Element

* Work together with low-carbon suppliers in
stead of focusing on desktop research only. Foundations

Cleanliness layer

* Leveraging economies of scale

Ground slabs

Columns

» Specifying lower carbon concrete is a huge
opportunity to reduce whole life cycle carbon

Diagonal wind bracings
Connecting parts

* Not all companies have EPD information, so = Beams
collaboration is crucial. ' Secondary beams
: External walls
* Low carbon suppliers have in-house
sustainability experts who can provide more
information.

Cladding

Windows

External doors

Roaof slab

Roofs

Internal walls

100 200 300 400 500 600 700 800 900 1000 1100 1200 13

© Arcadis 2024 11 July 2024



A ARCADIS

Quick Risk Facts Adaptation
« 28 events >1B, totaling $93B in damage in 2023 alone

* QOver 75% of federally declared disasters are flood-related

* Floods account for greater loss of life and property than all other hazards
combined

* Flood waters do not obey jurisdictional boundaries

 Actions within a watershed can lead to increased or reduced flooding
upstream, downstream, and sideways

* FEMA flood maps do not cover all sources of flood risk and may not be
accurate



Assessing Risk & Resilience & ARCADIS
Interdependency, cascading impacts

City / Region

Always look at least
one scale up from
the level of interest

Equ and
A s

© Arcadis 2024



A ARCADIS
A Systems Approach to Climate Robust Water Management
Connect all scales and build the business case

= fui

Built Asset Management Digital/Cyber Operations Organization Culture  Regulatory Framework  Polices and Standards

®
.
m @
- a
Roles, Responsibilities  Financial Resources Human Resources ~ Emergency and Risk Long-Term Strategic Stakeholder

and Authorities Management Planning Coordination

© Arcadis 2020 11 July 2024
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A ARCADIS

*lines drawn only for
illustration and not
Kn ow yo ur d ata intended to accurately

depict data differences
renmmnne 9009 FEMA Flood Insurance Rate Map

== = == pdated with 2023 data
== Actual trend

1960’s 2024

Assessing risk and




Assessing Risk & Resilience 3 ARCADIS

Hazard Screening
g L -

% 4 s
L 20

HE

YY

Historic Present Future

N R B

Timeframes



Hazard Risks

Drought Hurricane &
(Water Heat Stress Earthquake Flooding Sea Level Rise Typhoon Wildfire
Stress) (Wind)

Property 1 MEDIUM MEDIUM HIGHER

Hazard Likelihood

Flooding Sea Level Rise | Extreme Wind  Earthquake Wildfire Drought

HIGHER HIGHER MEDIUM ‘ HIGHER HIGHER

© Arcadis 2024 11 July 2024 41



Source Pratt Institute




Hurricane Sandy, 2012
Physical Disruption




Immediate Response: Protection of Critical Assets A ARCADIS

ielecommunication Centers

I i
L -
-.hn.-._.f '-.. !

Full Perimeter Protection Of Landmark Buildings | DeS|gn Permlttlng Construction & Testing




Protecting Critical Assets 3 ARCADIS
Coler Hospital, Roosevelt Island

Legend

New York Building Footprints p

P Building Footprint
- Coler Hospital
Inundation Depth (ft)
. -

-2

| ERSL
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A ARCADIS

Protecting Critical Assets
Coler Hospital, Roosevelt Island
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Sea Level Interior Ponding *
SEa LEVE (Feet NAVDSS)

Current-Day

2080s 10th
2080s 50th Coler Hospital: FEMA Hazard Mitigation Plan




Protecting Critical Assets 3 ARCADIS
Coler Hospital, Roosevelt Island

WEST CHANNEL

EAST “RIVER

N EAST CHANNEL
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A ARCADIS
Understanding Current and Future Risk - Sea Level Rise & High Tides

High tide flooding is anticipated to cause up to four feet of flooding by the 2100s, the same height
as the storm surge from Hurricane Sandy in this area.

Average
AAM Monthly
+9.5ft High Tide

_______________________________ /\M* N\ o

2 ' Monthly Z +6 9ft Average 72
' 7= Tide

+4.8 ft Avera &

Daily High — —

Tide

———————-T

7z Approximate
- o . Elevation Range of
: Existing Waterfront

72757 Averaﬁ
+3.3 ft Monthly
High Tide

Average
Daily High
Tide

Current Sea Level 2050s (+2.5 ft) 2080s (+4.8 ft) 2100 (+6.3 ft)
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EasfiSitie Coastal Resilience — Ctlncept to Realizationg

Credit: One Architecture



Financial District Masterplan A ARCADIS

T

FiDi-Seaport Climate Masterplan (image ONE Architecture & Urbanism/Scape)



MOVING FROM CONCEPT TO REALIZATION




Items to Consider Evaluating Mitigation Options A ARCADIS

Nonphysical flood risk adaptive measures: Local Building Codes The most common “physical” flood
- Zoning Building Type and Condition risk adaptive measures:
- Land Use Height limitations (elevation) - cduisition
_ _ Access (ADA) = Relocation
. Floodplaln mapping o . Elevation
" Floodinsurance A " I:S_ = Wet Flood Proofing
" Flood warning esthetics = Dry Flood Proofing
» Evacuation p|ans Compliance with NFIP

Use of existing foundation
= Emergency preparedness plans

- Operations & Maintenance Have design professional evaluate existing foundation

Hazards
Hydrostatic pressure
Hydrodynamic pressure
Debris impact

Erosion and scour

e

11 L

\%a

© Arcadis U.S. Inc. - Planning for Climate Resilience in Densely Populated Urban Centers



Adaptation Strategy — Emergency Type Solutions
Flood Protection Alternatives Various Levels of Risk Reduction

.Tlger D e

A !,( !a"' lrﬂum

\\

qFI’o’oﬁdors Flood Pané&

A ARCADIS

Pilot House Vulnerability Assessment & Conceptual Solution Strategy

58



Strive for “multiple-lines of defense” approach to A ARCADIS
building resilience where buildings are one element

e
] |
B E~TETR
BIE A —
ﬁ‘
oo i = L4
/*_/\ [ f.ﬁ-
=, N/
Coastal defenses Buildings Infrastructure is Residents
are strengthened as first line of are designed to withstand protected from and businesses are
defense against flooding and sea and recover from flooding climate hazards prepared
level rise

© Arcadis U.S. Inc. - Planning for Climate Resilience in Densely Populated Urban Centers



. A ARCADIS
Conclusions

Understand local climate risks through time, scale & interdependencies...
Work with “high-mark” climate projections...

Plan & design long term with Operation & Maintenance in mind...
Incorporate Multiple Lines of Defense thinking in design...

Seek highest level of risk reduction and keep the solution simple and passive when
possible...

Emergency type solutions are for emergencies and as a 2nd line of defense and not
intended for permanent use...

/. Adaptation can be an opportunity to incorporate multi-functional and sustainable features...
8. Understand the effect of longer-term plans for individual properties...

RN~

o

© Arcadis U.S. Inc. - Planning for Climate Resilience in Densely Populated Urban Centers
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4 ARCADIS

CLIMATE MITIGATION AND ADAPTATION AS OPPORTUNITY:
STRENGTHEN THE COMPETITIVENESS OF UBAN CENTERS AS A PLACE TO LIVE, WORK, ANDVISIT
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Contact Us

Edgar Westerhof

Vice President and North America
Climate Adaptation Solution Leader

Edgar.westerhof@arcadis.com

Melissa Hew

Urban and Coastal
Resilience Consultant

Melissa.hew@arcadis.com

© Arcadis 2024



A ARCADIS

Arcadis. Improving quality of life.

© Arcadis 2023
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