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Briefing on Sustainability, Environmental 

Impact, and Development Tools 

Executive Summary 

This document synthesizes key concepts, frameworks, and case studies related to sustainability 

and environmental impact management. The foundational principle is the Brundtland 

Commission's definition of sustainable development: "development that meets the needs of the 

present without compromising the ability of future generations to meet their own needs." This 

concept is built upon three interconnected spheres—environmental, social, and economic—and 

is guided by regulatory frameworks like the National Environmental Policy Act (NEPA) and 

economic incentives such as carbon credits. 

The document examines practical applications through two primary lenses. The first is green and 

adaptive infrastructure for coastal resilience, highlighted by a demonstration project in Linden, 

New Jersey. This project integrates green infrastructure, hydraulic capacity improvements, and 

floodplain restoration ("Blue Acres") to mitigate flooding and restore ecosystems. The second is 

the use of Life Cycle Analysis (LCA) as a quantitative tool to assess the full environmental 

footprint of a product or process. A detailed case study comparing a concrete-frame house to a 

wood-frame house illustrates how LCA is used to evaluate impacts from material production 

through construction and end-of-life scenarios. 

1. Defining Sustainability and Environmental Impact 

1.1. The Brundtland Definition of Sustainable Development 

The core definition of sustainable development originates from the 1987 Brundtland report, "Our 

Common Future." 

"Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.” It contains within it two 

key concepts: 

• the concept of needs, in particular the essential needs of the world's poor, to which 

overriding priority should be given; and 

• the idea of limitations imposed by the state of technology and social organization on the 

environment's ability to meet present and future needs." 

1.2. The Three Spheres of Sustainability 

Sustainable development is conceptualized as the intersection of three fundamental domains: 

• Environmental: Protecting natural resources and ecosystems. 
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• Social: Ensuring equity, social well-being, and community health. 

• Economic: Promoting viable and equitable economic growth. 

1.3. Quantifying Environmental Impact 

According to ISO 14000, an environmental impact is simply "a change to the environment. Such 

change can be positive or negative." Most human activity generates some level of impact, which 

raises the question of what constitutes an acceptable level. The spectrum of possibilities ranges 

from preserving pristine ecosystems to prioritizing human development goals above immediate 

environmental concerns. 

2. Regulatory and Economic Frameworks 

2.1. U.S. Environmental Legislation 

Several key federal laws mandate the assessment and remediation of environmental impacts. 

• National Environmental Policy Act (NEPA): Applies to federal activities and requires: 

o Environmental Assessments (EAs): To determine if a federal action has the 

potential for significant environmental effects. 

o Environmental Impact Statements (EISs): A more detailed analysis required 

for actions with significant environmental impacts. 

• RCRA and CERCLA (Superfund Act): These acts establish liability for site cleanup. 

o They hold private property owners, buyers, lenders, and lessors responsible for 

contamination. 

o This has led to the common practice of conducting multi-phase Environmental 

Site Assessments (ESAs) during land transactions: 

▪ Phase I ESA: A preliminary investigation of potential contamination. 

▪ Phase II ESA: Conducted for potentially contaminated sites. 

▪ Phase III ESA: Determines the full extent of contamination and outlines a 

remediation plan. 

2.2. Economic Incentives for Sustainability 

Economic tools are used to encourage green energy and reduced emissions. 

• Tax Credits: Direct financial incentives for sustainable practices. 

• Carbon Credits: Market-based permits that allow the owner to emit a certain amount of 

carbon dioxide, which can be traded on an open market. 

• Green Tags (Renewable Portfolio Standards): Tradable certificates representing the 

environmental attributes of power generated from renewable electric sources. 

3. Tools and Techniques for Sustainable Development 

3.1. Mitigation in Water Infrastructure 
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Specific engineering and ecological techniques can mitigate the environmental impact of water 

infrastructure projects like dams. 

• Fish Ladders: Stepped structures that allow migrating fish, such as salmon, to pass over 

dams and barrages. 

• Fish Bypasses: Systems using screens and collection channels to guide fish away from 

turbines. 

• Real-time Sensing: Adjusts water treatment processes to minimize the input of 

chemicals. 

• Vegetation Buffers: Areas of natural vegetation around reservoirs that help sustain the 

local ecosystem. 

3.2. Building Certification Programs 

Several internationally recognized programs certify buildings for their environmental 

performance and sustainability. These include: 

• ENERGY STAR 

• BREEAM (Building Research Establishment Environmental Assessment Method) 

• CALGreen 

• Green Globes 

• LEED (Leadership in Energy & Environmental Design) 

3.3. Life Cycle Analysis (LCA) 

LCA is a comprehensive technique for evaluating environmental impacts throughout a product's 

entire life. 

According to the U.S. EPA, "LCA is a technique to assess the environmental aspects and 

potential impacts associated with a product, process, or service, by: 

• compiling an inventory of relevant energy and material inputs and environmental 

releases; 

• evaluating the potential environmental impacts associated with identified inputs and 

releases; 

• interpreting the results to help you make a more informed decision.” 

The typical phases of a life cycle include: Design, Sourcing of Materials, Construction, 

Operation, and End of Life. 

LCA Case Study: Concrete vs. Wood House 

A class project provides a practical example of applying LCA to compare the environmental 

impact of two construction methods for a single-story home. 
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• Objective: To compare a house with precast concrete walls and roof against a 

conventional stick-frame (wood) structure based on energy consumption and 

environmental impacts over their life cycles. 

• Functional Unit: A one-story, 900-square-foot house with an estimated useful life of 50 

years. 

• System Boundary & Scope: 

o The analysis includes the material production, transportation, on-site 

construction, demolition, and end-of-life phases. 

o The analysis excludes the operation phase, based on the assumption that both 

houses are designed with equivalent insulation (R-values), resulting in identical 

energy consumption. Maintenance is also excluded. 

o Two end-of-life scenarios are considered: 1) 100% landfilling and 2) 50% 

recycling with 50% landfilling. 

• Methodology: 

o The analysis was performed using Simapro 7.2 software. 

o The Eco indicator 99 method was used to represent environmental impacts, with 

the BEES (Building for Environmental and Economic Sustainability) method 

used for comparison. 

• Key Assumptions: 

o To ensure a fair comparison, the insulation properties of both structures were 

made equivalent by selecting appropriate materials and thicknesses. The stick-

frame house R-value was adjusted by 34% to account for thermal losses common 

in that construction type. 

o All construction materials were assumed to be purchased from a provider within 

200 miles of the site in New Jersey. 

o An additional 20% of wood was factored in to account for waste and damages 

during construction. 

 

 

 

 

 

 

 

 

 



5 
 

Insulation R-Value 

Comparison 

Concrete House 

Walls 

Concrete House 

Roof 

Stick-frame House 

Walls 

Stick-frame 

House Roof 

Component R-values See below See below See below See below 

Outside Concrete Layer 

3" 
0.38 0.38 

Siding (Wood 

Bevel) 
0.80 

Insulation - BASF 

Neopor 
21.70 (5") 17.36 (4") Fiberboard 25/32" 2.06 

Inside Concrete Layer 

3" 
0.38 0.38 

Insulation - BASF 

Neopor 
30.38 (7") 

Gypsum Board - - 0.56 (5/8")  

Asphalt Shingles - - - 0.44 

Plywood 1/2" - - - 0.63 

Insulation - BASF 

Neopor 
- - - 26.04 (6") 

Gypsum Board 1/2" - - - 0.45 

Total R-Value 

(Unadjusted) 
22.46 18.12 33.80 27.56 

Adjusted for Losses 

(34%) 
N/A N/A 22.31 18.19 

4. Case Study: Green and Adaptive Coastal Flood Risk 

Management 

4.1. Conceptual Framework 

A structured framework for developing coastal flood risk reduction strategies involves four 

stages: 

1. Threat: Identifying sources (rainfall, coastal storm, riverine flow, sea-level rise) and 

levels (e.g., 10-yr, 100-yr storm events). 

2. Vulnerability: Assessing inundation (area, depth, duration) and its impact on land use 

(residential, commercial), infrastructure (water, energy), and populations. 

3. Risk Reduction: Considering measures across different spatial scales (lot to regional) 

and types (mobile vs. fixed, green vs. grey, structural vs. non-structural). 

4. Assessment: Evaluating measures based on costs, benefits, environmental impacts, and 

synergies. 

Concepts such as "Living, Growing Breakwaters," which create habitat while reducing wave 

action, exemplify green/adaptive measures. Other techniques include rainfall interception, 

storage, conveyance, diversion, and various types of barriers. 
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4.2. Demonstration Project: Linden, New Jersey 

A collaborative project in Linden, NJ, serves as a real-world example of applying these 

principles for flood mitigation and ecosystem restoration in a residential neighborhood near 

Marshes Creek. 

• Partners: Rutgers University, City of Linden, U.S. Department of Interior, National Fish 

and Wildlife Foundation, and Phillips 66. 

• Project Context: The area is vulnerable to flooding from rainfall and is situated near 

larger regional proposals by the U.S. Army Corps of Engineers, such as a flood wall 

along the Arthur Kill River and a surge barrier across New York Harbor. 

• Component 1: Green Infrastructure for Stormwater Management: Measures like 

rain barrels, rain gardens, and bio-swales are being installed on residential and public 

lands within the Tremley Community to reduce stormwater runoff. 

• Component 2: Hydraulic/Drainage Capacity Enhancement: This involves addressing 

flow-restrictive culverts that cause water to back up upstream. The project includes 

unclogging existing infrastructure and proposing culvert enlargement with sluice gates 

for better drainage. 

• Component 3: "Blue Acres" Floodplain Restoration: This component focuses on 

enhancing properties acquired through the "Blue Acres" program. The proposed design 

includes: 

o Floodplain Restoration: Excavating and regrading the land to restore floodplain 

hydrology and increase flood water storage. 

o Habitat Enhancement: Planting a native coastal forest with native trees, shrubs, 

and grasses. 

o Community Open Space: Creating a public access area with a pervious walking 

path. 

o Projected Benefits: Storm resiliency, stormwater runoff reduction (estimated at 

4.1 million gallons annually), and improved stormwater treatment. 

• Project Status: Photos from November 2019 show the project under construction, while 

images from May and September 2020 depict the establishment of rain gardens and 

wetlands, which have begun attracting wildlife. 

4.3. Strategic Communication and Broader Context 

Public outreach, such as a guest column by Qizhong "George" Guo in The Star-Ledger on June 

23, 2019, emphasizes the need for green and mobile infrastructure to adapt to rising sea levels. 

The column advocates for an innovative approach combining green infrastructure, extended 

flood walls, coastal monitoring, and energy harvesting from rainwater and tidal flows to address 

the dual challenges of infrastructure aging and climate change. 

 


