Balancing Needs and Limitations

Sustainability as an Engineering Discipline

“Sustainable development is development that meets
the needs of the present without compromising the ability
of future generations to meet their own needs.” fo r

The Concept of Needs The Concept of Limitations
Acknowledging that the state of technology and

social organization imposes hard caps on the
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Prioritizing essential requirements for th
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The Framework of Impact and Incentive

Defining Impact

According to ISO 14000, “Environmental Impact” is any
change—positive or negative—to the environment.

The Triple Bottom Line

Sustainability exists only at the intersection of:

N

oo Soclal: Equity and community health.
Sustainable {@ Economic: Viability, tax credits, carbon credits, and
Development renewable portfolio standards.

@:g Environmental: Ecological function and resource
management.

Enforcement Mechanisms

Regulatory Drivers:
5% NEPA (National Environmental Policy Act)

Environmental
(s) EIS (Environmental Impact Statements)

Phase I/lI/Ill Site Assessments
(Required for land transactions)




Engineering for Biological Continuity

Infrastructure must accommodate the ecosystems it interrupts. In water infrastructure, this
means designing active bypass systems rather than passive blockages.
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Fish Ladders: Stepped pools allowing upstream Fish Bypasses: Diversion channels preventing
migration over dams. aquatic life from entering turbines.

B4 Real-time Sensing: Systems now adjust chemical inputs dynamically to minimize downstream pollution.



The Challenge: Coastal Resilience in Linden, NJ

A partnership between Rutgers University, City of Linden, Dept. of the Interior, and Phillips 66.
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Sea Level Rise: Projected 6-foot rise in
NJ by 2100.

Storm Surge: Vulnerability to coastal
storms pushing up the Arthur Kill River.

Infrastructure Failure: Clogged culverts
and degraded marshlands preventing
natural drainage.



Strategic Framework: Green vs. Grey

Moving beyond static defense toward Green and Adaptive measures.
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Hydraulic Recovery: Unclogging the Arteries

Focus on Grey Infrastructure (Project Component 2)

The Problem

» Restrictive 18-inch pipes and
debris-filled ditches caused
upstream flooding during
minor rainfall events.

The Intervention

» Expansion to large box
culverts.

» |Installation of active sluice
gates to manage tidal flow.

» Dredging of ditches to restore
hydraulic capacity.

Project Component 2:
B Culvert Expansion & Gate Control

Flow Restriction

Linden Coastal Resilience
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The ‘Blue Acres’ Restoration Strategy

Focus on ‘Green Infrastructure’ (Project Components 1 & 3)

The Concept

Buying out flood-prone properties to restore natural
absorption capacity.

Implementation Components:

e Rain Gardens: Installed on residential property
to intercept runoff (Component 1).

* Floodplain Restoration: Excavating 3-4 feet of
fill to reconnect the ditch with the floodplain.

e Community Space: Native
coastal forests, meadows, and
Hoosimai Bevotion permeable walking paths.

Project Overview Inset
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Theory in Action: From Excavation to Ecosystem

Wetland Green River Siit
I I

Nov 2019: N May 2020: __5 Sept 2020:
Excavation & Regrading Planting & Establishment Biological Integration

Ecological Proof: The return of wildlife, such as this Killdeer spotting, validates the habitat restoration alongside flood mitigation.
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Measuring the Cost: Life Cycle Analysis (LCA)

LCA is a technique to LCA Process

assess environmental Step 1 Step 2 - Step 3 o7

impacts associated with

Inventory: Compiling Impact: Evaluating Interpretation: Using
all stages of a relevant energy and potential * results to make
prod uct's life—from material inputs. environmental informed decisions.

“cradle to grave”. S

LCA Scope: “Cradle to Grave” Flow Recycling of

building
materials

Re-use of
building
materials

On-site Building

Material |
- Construction | Operation

Production Demolition

Transportation
" Transportation

Landfill of
building
materials

Included in LCA: [
Not included in LCA: ( )
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Comparative Case Study: Wood vs. Concrete

Analyzing a 900 sq. ft. residential structure over a 50-year life
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Methodology

« Software: Simapro ver 7.2

e Metric: Eco Indicator 99

« Equivalency Control: Insulation (R-value) was adjusted using
BASF Neopor EPS to ensure both houses were thermally
equivalent for the study.
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The Critical Variable: System Boundaries
Concrete is competitive.
If you change the B

system boundary,
the winner changes.

Operational Phase
Included

Detailed Findings:

Research indicates 84-92% of the total environmental load occurs during
; ! ; Reference: Goal and Scope
the Occupation Phase (heating & cooling)

Building =1
While wood has lower embodied energy, concrete's thermal mass can =i

outperform wood over 50 years if the R-value is not artificially constrained. e Pk L tor S .
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Macro-Scale Intelligence: Geographic Information Systems (GIS)
A tool to store, manipulate, and model spatial data for regional planning.

GIS: Linden Waterways & Infrastructure
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© Watershed Delineation:
Determining flow paths
and drainage basins.

© Contaminant Transport:
Visualizing pollution
movement from
industrial zones.

© Habitat Mapping:
|dentifying riparian
buffers and nesting
grounds.

Beouwrce EwitDiigtal Micte, SesBVo. Eartinster O sographies, SNEJAds as D3,
USDa USAS, AEK, Sapwappmg. Astregid, 1SN, ASP ewilaitepe, and the SIB User
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Micro-Scale Intelligence: Building Information Modeling (BIM)

An intelligent digital representation of a facility serving as a shared knowledge resource.

Dimensions of BIM:

* 3D: Geometry & Spatial

Water Circulation relationships.

e 4D: Time (Construction
sequencing).

Qyster Reef

» Lifecycle: Verifiable
information exchange
from design through
demolition.

‘O~ Key Insight: Not all 3D
sand Engine " models are BIM. A true BIM
_ model contains data
Breakwater Structure s <AL properties (thermal,
material, cost) for feedback

and decision-making.

QOyster Reef
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The Integration of Discipline and Design

True sustainability requires:
1.Rigorous Frameworks: Adhering to the ‘Three Spheres’ and regulations.
2.Adaptive Action: Implementing hybrid Green/Grey solutions like ‘Blue Acres'.
3.Digital Validation: Using LCA, GIS, and BIM to prove impacts.

“The extent of environmental impacts is as important as their magnitude.”

HABITAT BREAKWATER
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