Green Building & Sustainable Construction (TCM 5330)

Life Cycle Assessment,
& Sustainable Infrastructure




What is life cycle assessment
and what is its purpose?

» Definition: A Life Cycle Assessment (LCA) is a
systematic approach used to assess the
environmental impacts associated with all
the stages of a product's life, from raw
material extraction through materials
processing, manufacture, distribution, use,
repair and maintenance, to disposal or
recycling.

Purpose: Helps stakeholders understand the
cumulative environmental impacts resulting
from all stages of a project’s life cycle,
leading to better decision-making.
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What are the stages of life cycle
assessment?

Goal and Scope Definition: Identify the LCA’s purpose and the
expected product or process, detailing the boundaries and
assumptions.

NS

Inventory Analysis: Compile an inventory of relevant energy and
material inputs and environmental releases associated with the
project.

NS

Impact Assessment: Evaluate the potential environmental
impacts associated with identified inputs and releases.

NS

Interpretation: Use the results to make informed decisions that
aim to reduce environmental impacts.




What are the applications of life cycle
assessment in construction?

* Materials Selection: Choosing sustainable
materials based on their environmental impact
over their lifecycle. ——

reuse
recycling

e Construction Techniques: Evaluating the impact energy recovery
of various construction methods and opting for
those with minimal environmental disruption.

raw material supply
manufacturing
. transportation

* Maintenance and Operation: Assessing the
operational efficiency and maintenance i‘ﬁ
requirements over the building’s lifetime.
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construction
installation process
transportation

deconstruction
waste processing

* End of Life: Planning for deconstruction or disposs

transportation

recycling of materials at the end of the building's OPERATION

useful life.
maintenance
A repair

replacement
refurbishment



What are sustainable urban drainage
systems (SUDS) and how do they work?

e Sustainable Urban Drainage Systems (SUDS), also known as
Sustainable Drainage Systems, are designed to manage
rainfall in urban environments in a way that mimics natural
drainage as closely as possible. They reduce the impact of
urbanization on natural water cycles and improve water
quality.

Before

How SUDS Work:

* Reduce Surface Runoff: SUDS manage rainfall close to where it falls, reducing surface water runoff and
preventing overwhelming sewer systems and watercourses.

* Improve Water Quality: By filtering runoff through vegetation and soil, SUDS remove pollutants naturally,
improving the quality of water entering streames, rivers, and other water bodies.

* Increase Water Absorption: Systems like permeable surfaces and infiltration devices allow water to soak
into the ground naturally, which recharges groundwater supplies and reduces flooding.

* Provide Amenity and Biodiversity Benefits: SUDS can enhance the aesthetics of an area and provide
habitats for wildlife, contributing to biodiversity and environmental quality.



Watch the video
Sustainable Drainage Systems

* Link:
https://www.youtube.com/watch?v=40neZycs6ul&ab channel=Urba
burble

(you may also click on the YouTube Logo below)
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https://www.youtube.com/watch?v=4OneZycs6uI&ab_channel=Urbaburble
https://www.youtube.com/watch?v=4OneZycs6uI&ab_channel=Urbaburble
https://www.youtube.com/watch?v=4OneZycs6uI&ab_channel=Urbaburble

What are the key components of SUDS?

Permeable Pavements: Surfaces designed to allow water to /V
infiltrate through them and into the ground below or into a
specially constructed sub-base, filtering pollutants.

Swales: Shallow, vegetated channels that convey water slowly,
allowing sediments and pollutants to settle and vegetation {0 =———f
uptake nutrients.

Rain Gardens: Depressions planted with vegetation that can
tolerate occasional flooding. They temporarily hold water,
allowing it to soak into the ground and be used by plants.

Rainwater Harvesting: Systems that collect and store rainwater
from roofs for later use, reducing demand on municipal water
systems.

Detention Basins: Large basins that store excess runoff during
heavy rains and release it slowly, preventing flooding and
erosion downstream.

Green Roofs: Roofs covered with vegetation that absorb
rainfall, provide insulation, and reduce runoff.




What do we mean by “urban water recycling”?

The One Water Cycle
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Water reuse and recycling in urban
environments is a crucial strategy for
sustainable water management,
especially in regions facing water
scarcity.

It helps conserve water, reduce the
demand on municipal water systems,
and minimize environmental impact.
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Watch the video
Human Water Cycle: Wastewater

* Link:
https://www.youtube.com/watch?v=328bJkcemHo&ab channel=Nati
onalScienceFoundationNews

(you may also click on the YouTube Logo below)

(11| Tube



https://www.youtube.com/watch?v=328bJkcemHo&ab_channel=NationalScienceFoundationNews
https://www.youtube.com/watch?v=328bJkcemHo&ab_channel=NationalScienceFoundationNews
https://www.youtube.com/watch?v=328bJkcemHo&ab_channel=NationalScienceFoundationNews

How can water be reused and recycled in
urban environments? p N

Water use in a home with ‘-]

a grey water system

1. Greywater Recycling: f_[L v |
¥ -

* Source: Greywater is the relatively clean waste water from baths, sinks, washing machines, and other kitchen appliances. /
A A

* Use: After treatment, greywater can be reused for toilet flushing, gardening, and irrigation.

2. Rainwater Harvesting: greywaterreusesystem Y
¢ Source: Rainwater is collected from roof surfaces and other impermeable areas.
e Use: Stored rainwater can be used for irrigation, flushing toilets, and with further treatment, for washing and even drinking. mm\—
3. Stormwater Management: (—
wastewater to sewer
e Source: Stormwater runoff from roads and roofs. \.
¢ Use: After collection in retention ponds, swales, or permeable pavements, stormwater can be treated and used for non- \ /

potable purposes or allowed to recharge groundwater aquifers.

4. Wastewater Recycling:

¢ Source: Sewage and industrial wastewater.
Flashing condensate

¢ Use: Highly treated and purified wastewater becomes reclaimed water, suitable for various uses including industrial Flash steam
processes, irrigation, and replenishing water bodies. "

Pumped condensate

5. Condensate Recovery: L | - -

¢ Source: Condensate from air conditioning systems and industrial processes.
¢ Use: This water can be collected and reused for cooling tower make-up, landscape irrigation, and toilet flushing.

|| Flashsteam
6. Constructed Wetlands: Condensae — L
il A condensate
* Source: Various types of wastewater including municipal and industrial. ® ::n‘;h:i:z:ng Tl ; ™ - -

for water piping

e Use: Wetlands naturally treat wastewater through biological processes involving plants and microorganisms.

Capyright TLV €O., LTD.



What are smart roads and how
can they enhance sustainability?

* Smart roads incorporate various technologies to improve infrastructure efficiency, enhance safety, and
reduce environmental impacts. These roads are designed to be more interactive and responsive to the
conditions affecting both the road and its users.

How Smart Roads Enhance Sustainability:

* Reducing Traffic Congestion: By optimizing traffic flow through real-time data and communication, smart
roads can reduce idling and stop-and-go traffic, which in turn lowers fuel consumption and emissions.

* Improving Road Safety: Advanced warning systems and better road condition monitoring help reduce the
number of accidents and associated environmental impacts of traffic disruptions and vehicle damage.

* Energy Generation: Roads that §enerate_ their own power can feed surplus electricity back into the local grid
or power street lights and signals, contributing to the overall sustainability of the infrastructure.

* Supporting Electric Vehicles: By facilitatin% easier and more efficient charging of electric vehicles, smart
roads encourage the shift away from fossil fuel-dependent transportation.

* Maintenance Efficiency: Sensors can predict when and where maintenance is needed, Breventing over-
makintenance and reducing the resources and materials used, thereby lowering the carbon footprint of road
upkeep.

* Material Efficiency: Innovative materials used in smart roads, like those that absorb and neutralize
pollutants, contribute directly to a cleaner environment.



How do smart roads work?

Smart roads utilize a combination of sensors, smart materials, and
communication technologies to manage and interact with traffic and
environmental conditions.

1. Sensors and loT 2. Energy Harvesting 3. Communication o 5. Electric Vehicle (EV)
. : 4. Dynamic Paint: '
Devices: Technologies: Systems: Charging:

e Embedded in the
road or placed along
it, these sensors
collect data on
traffic patterns, road
conditions (like ice
or water pooling),
and vehicle weights.
This data can help
manage traffic flow
and maintenance
schedules more
efficiently.

e Some smart roads

can generate energy
using photovoltaic
pavement panels
that convert sunlight
into electricity, or
piezoelectric
materials that
generate electricity
from the mechanical
stress of vehicles
passing over them.

e Integrated

communication
systems allow roads
to send real-time
information to
vehicle drivers and
local traffic
management
centers. This
includes alerts about
accidents, traffic
jams, or hazardous
conditions ahead.

e Roads can use paint

that lights up to
show lanes or
warnings in certain
conditions, such as
ice formation, which
can be powered by
solar-charged
batteries.

e Inductive charging

systems embedded
in the road can
charge electric
vehicles as they
drive, extending
their range and
promoting the use
of EVs.



Watch the video
Road in the future - Being Smart Roads

* Link:
https://www.youtube.com/watch?v=4qOI8IvYIUE&ab channel=TheB

(you may also click on the YouTube Logo below)
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https://www.youtube.com/watch?v=4qOI8IvYlUE&ab_channel=TheB
https://www.youtube.com/watch?v=4qOI8IvYlUE&ab_channel=TheB

What are eco-friendly
pavement solutions and their
benefits to the environment?

* Eco-friendly pavement solutions are
designed to minimize environmental
impact while maintaining or enhancing
the functionality of paved surfaces. These
solutions are crucial for reducing the
ecological footprint of infrastructure
projects, especially in urban areas.
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What are some eco-friendly pavement technologies and their benefits?

1. Permeable Pavements: These
pavements are made from porous
materials that allow water to infiltrate
through the surface into the ground
below.

2. Recycled Material Pavements:
Utilizes recycled materials such as
rubber from used tires, reclaimed
asphalt pavement (RAP), and plastic
waste.

3. Cool Pavements: These pavements
are designed to reflect more sunlight
and absorb less heat than traditional

dark-colored surfaces.

4. Geosynthetics: Incorporating
geosynthetic materials like geogrids and
geotextiles to improve the structural
integrity of roads.

5. Pavement with Integrated
Photovoltaic Cells: Pavements that
incorporate solar cells to generate
electricity.

6. Vegetated or Grass Pavers: These are
grid systems filled with soil and grass
that can support occasional vehicle
traffic.

Environmental Benefits:
Waste Reduction: Helps in utilizing waste materials that would otherwise end up in landfills
Resource Conservation: Reduces the need for new raw materials, conserving natural resources.
Energy Efficiency: Often requires less energy to produce than conventional materials

Environmental Benefits:

Mitigates Urban Heat Island: Reduces the ambient temperature in urban areas, decreasing air conditioning needs
and energy consumption.

Improves Air Quality: Lower temperatures can reduce the formation of ground-level ozone.

Environmental Benefits:
Enhances Durability: Extends the lifespan of the pavement, reducing the frequency of repairs and replacements.
Reduces Material Usage: Allows for thinner pavement designs, which use less material without compromising

Environmental Benefits:
Renewable Energy Production: Generates clean energy, contributing to reduced reliance on fossil fuels.
Dual Functionality: Adds utility to otherwise passive infrastructure, maximizing land use efficiency.

Environmental Benefits:
Enhances Aesthetics and Biodiversity: Increases green space and supports local flora and fauna
Stormwater Management: Absorbs rainwater, reducing runoff and promoting groundwater recharge.




Watch the video

Sustainable Pavement Solutions: Eco-Friendly Alternatives
for Environmentally Conscious Projects
* Link:
https://www.youtube.com/watch?v=_FQQB4mvT1Y&ab channel=Civ
ilex

(you may also click on the YouTube Logo below)
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https://www.youtube.com/watch?v=_FQQB4mvT1Y&ab_channel=Civilex
https://www.youtube.com/watch?v=_FQQB4mvT1Y&ab_channel=Civilex
https://www.youtube.com/watch?v=_FQQB4mvT1Y&ab_channel=Civilex

How does construction
impact biodiversity?

Habitat Destruction:

¢ The clearing of land for construction is one of the most direct impacts,
resulting in the loss of flora and fauna habitats. This can lead to reduced
species diversity and the fragmentation of ecosystems, which
undermines the ability of species to survive and reproduce.
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e Construction often leads to increased pollution in the form of dust,
noise, and chemical contaminants that can severely affect nearby
wildlife and plants. Water pollution from runoff can lead to toxic
environments for aquatic life.
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Invasive Species:

e Construction sites can inadvertently introduce non-native species to an
area, which can become invasive and outcompete local biodiversity.

Disruption of Ecosystem Services:

* The natural balance of processes like pollination, water purification, and
carbon sequestration can be disrupted by construction activities,
affecting the broader ecological network.



How can construction’s impact on
biodiversity be mediated?

A. Planning and Design:

eEnvironmental Impact Assessments (EIA): Conduct ElAs to understand the potential impacts on
biodiversity and design projects to avoid critical habitats and minimize ecological disruption.
eGreen Design: Incorporate green spaces, living walls, and green roofs into building designs to
help maintain local biodiversity and provide habitats.

B. During Construction:

eMinimize Footprint: Limit the footprint of the construction site to minimize habitat disruption
and keep native vegetation intact where possible.

eBarrier Protections: Use barriers to contain construction pollutants and prevent them from
reaching nearby ecosystems, particularly water bodies.

eTiming Construction: Schedule construction activities to avoid critical breeding and nesting
periods for local wildlife.

eRestoration Projects: Implement habitat restoration projects post-construction to restore and
enhance the natural environment. This may include planting native species and creating artificial 1l
habitats like ponds or wetlands that can support local wildlife. «,1||, 4L
*Ongoing Monitoring: Establish long-term monitoring programs to assess the impact of the 1 H’I‘ 3
construction on biodiversity and adapt management strategies accordingly. H b
eCommunity Engagement: Work with local communities and wildlife organizations to align
construction practices with ecological breservation efforts.

D. Regulatory Compliance and Best Practices:

eCompliance with Environmental Regulations: Adhere to all relevant environmental regulations
and strive for certifications that encourage sustainable practices.

*Best Practice Sharing: Adopt industry best practices for biodiversity conservation and
continuously update methods based on the latest scientific research.




What are the characteristics of
zero-energy public buildings?

High Energy Efficiency: These buildings are constructed using advanced
design techniques and materials to ensure maximum energy efficiency.
This includes superior insulation, high-performance windows, and
energy-efficient HVAC and lighting systems.

Renewable Energy Generation: Zero-energy buildings commonly use
solar panels, wind turbines, or other renewable energy technologies to
generate electricity to meet their operational needs.

Energy Storage Systems: To manage the intermittency of renewable
energy, these buildings often incorporate energy storage systems like
batteries, which help in regulating supply and demand.

Smart Energy Management: Advanced energy management systems
are used to monitor and control energy use effectively within the
building. These systems can adjust conditions dynamically based on
occupancy and peak load demands.

Sustainable Construction Materials: Materials used are often sourced
sustainably and selected based on their low environmental impact,
contributing to reduced carbon emissions throughout the building's
lifecycle.




What are some benefits and challenges of
zero-energy public buildings?

—_— Benefits:

e Significant reduction in carbon emissions.
e Lower operational costs over time due to reduced energy use.
e Enhanced comfort for occupants due to improved building design and indoor environmental quality.

ey Challenges:

e Higher upfront costs associated with installing renewable energy systems and purchasing high-efficiency
appliances.

e Technological challenges in integrating and managing different energy systems.

e Need for skilled professionals in designing and maintaining advanced energy systems.

e Zero-energy public buildings represent a forward-thinking approach to sustainability in public
infrastructure, showcasing how buildings can contribute positively to the environment while serving
community needs effectively. Their spread globally indicates a growing commitment to environmental
stewardship and sustainability in construction.




What are sustainable practices in bridge design and construction?

1

N

. Material Selection:

Low-Embodied Energy Materials: Choose materials that require less
energy for production, such as recycled steel or aluminum.

Durable Materials: Use materials that are more durable and require less
maintenance, such as high-performance concrete or weathering steel.

Sustainable Sourcing: Opt for materials sourced from sustainable
practices, like certified timber or locally sourced stone, which reduce
transportation impacts.

. Design Efficiency:

Life Cycle Assessment (LCA): Conduct LCAs during the design phase to
evaluate the environmental impacts of different design choices throughout
the bridge's life cycle.

Innovative Design: Implement designs that require less material without
compromising structural integrity, such as lightweight structures or
tension-based systems like cable-stayed or suspension bridges.

Adaptability and Future-Proofing: Design bridges that can be easily
adapted to future needs or disassembled and reused, supporting a circular
economy.

3. Construction Techniques:

Minimizing Site Impact: Use construction methods that reduce the
physical impact on the site, such as avoiding large-scale excavations and
protecting local waterways from construction runoff.

Energy-Efficient Construction: Utilize energy-efficient construction
machinery and methods, and employ renewable energy sources on site
when possible.

Waste Reduction: Implement strategies to reduce waste, including precise
material ordering, recycling construction waste, and reusing materials and
equipment.

4
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. Energy and Resource Efficiency:

Embedded Sensors for Monitoring: Install sensors to monitor the health of the
bridge, which can help in efficient maintenance and reduce the need for frequent
inspections and repairs.

Solar Integration: Incorporate solar panels into the bridge design where feasible
to power bridge lighting and signage.

. Ecological Considerations:

Protecting Water Quality: Design and construct the bridge in a manner that
protects the water quality of the underlying or nearby water bodies, including
measures to control sediment and pollutant runoff during and after construction.

Habitat Preservation: Design approaches that mitigate the impact on local wildlife
and aquatic habitats, such as including wildlife crossings or designing pier
placements that do not disrupt aquatic ecosystems.

. Longevity and Maintenance:

Robust Design: Ensure that the design accommodates expected loads over its
lifetime, including potential increases due to changes in traffic patterns or climate
change impacts like flooding and high winds.

Preventive Maintenance: Develop and follow a thorough maintenance plan that
uses predictive and preventive strategies rather than reactive repairs. This
approach extends the life of the bridge and is more resource-efficient.

7. End of Life Planning:

Recyclability: Plan for the end of life of materials, allowing for the possibility to
recycle components like steel and concrete.

Deconstruction Planning: Design the bridge so that it can be deconstructed rather
than demolished, facilitating material recovery and recycling.



How can renewable energy be integrated
into large infrastructure projects?

1. Solar Power Integration

 Building-Integrated Photovoltaics (BIPV): Incorporate
photovoltaic (PV) panels into the design of buildings and
structures, such as facades, roofing, and windows, to
generate electricity directly where it's used.

* Solar Roads: Implement photovoltaic cells within road _
surfaces to generate electricity. While still an emerging
technology, solar roads can power street lighting, traffic
signals, and nearby buildings.

* Solar Parking Lots and Canopies: Install solar panels ove
parking lots to provide shade while generating power for
adjacent facilities or to feed into the grid.




Watch the video

Solar Roads: Can Streets Become Giant Solar Panels? |
National Geographic
* Link:

https://www.youtube.com/watch?v=YQba3ENhIKA&ab channel=Nati
onalGeographic

(you may also click on the YouTube Logo below)
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https://www.youtube.com/watch?v=YQba3ENhlKA&ab_channel=NationalGeographic
https://www.youtube.com/watch?v=YQba3ENhlKA&ab_channel=NationalGeographic
https://www.youtube.com/watch?v=YQba3ENhlKA&ab_channel=NationalGeographic

How can renewable energy be integrated into large infrastructure projects?

2. Wind Energy

* Small-Scale Wind Turbines: Integrate
small or medium-sized wind turbines
into buildings or along the
infrastructure corridors like highways
and rail lines, particularly in windy
areas.

e Offshore and Onshore Wind Farms:
For projects near coastlines or in large
open areas, consider developing or
partnering with wind farms to supply
renewable energy to the project.




How can renewable energy be integrated into large infrastructure projects?

3. Geothermal Energy

* Geothermal Heating and
Cooling Systems: Utilize
ﬁeothermal heat pumps for

eating and cooling o
buildings within the

infrastructure project. These - —_—
systems use the stable (R e e = - BLLLLL
underground temperature to o R - = ey can v
significantly reduce heating g HHH = — ||: t t Il: I[ I[ b
and cooling loads. LLLLLL? = = ‘ S

* Deep Geothermal Systems: For
projects requiring significant —

energy inputs, explore the i '
feasiEYIity of tapp?ng deep

In the winter, the energy station pumps hot water
e Ot h e r m a I e n e rgy to p rOVI d e ¢——— Closed-loop geothermal systems through pipes to heat buildings on the district The pipes are about the depth
. . circulate a fluid through tubing system, and the cooled water returns to the energy of an average natural gas system.
ea t O r Ste a m fo r I n d u St rl a I buried in the ground or under water. station for reheating. In the summer, the energy

station pumps cold water through pipes to cool
p rOC e S S e S . buildings on the district system, and the warmed

water returns to the energy station for recooling.

Geothermal District Heating & Cooling 101

This illustration is one configuration of a geothermal district heating and cooling (GDHC) system, in this case using geothermal heat pumps. There are many other GDHC solutions that might also work for your community.



How can renewable energy be integrated into large infrastructure projects?

4. Hydropower

* Small or Micro Hydropower Systems: If the
project is near a water body with sufficient
flow, small hydropower systems can be
installed to generate clean energy.

OPEN.LOOP PUMPED STORAGE HYDROPOWER ~ CLOS:

* Pumped-Storage Hydropower: In larger e | | et o S e s
scale projects with varying energy demands—=
pumped storage can help manage the load
by storing excess energy and generating 38
power during peak demands.




How can renewable energy be integrated into large infrastructure projects?

5. Biomass and Bioenergy:

* Biomass Energy Systems: Utilize
organic materials produced as a
byproduct of construction, such as

timber scraps, for biomass energy :
generation. “

 Biogas Plants: For projects
generating organic waste, consider & |
biogas plants to convert waste into e, i Ui G, e s e
energy’ reducin g wa Ste disposal .ztﬂ::i'?ﬁ‘;‘;;s et ;ﬁang:l:::?«m f’i&l"&'ﬁ‘ém

costs and generating energy.



What practices contribute to carbon neutral construction?

1. Energy Efficiency:

2. Renewable Energy Sources:

3. Sustainable Materials:

4. Carbon Sequestration:

5. Construction Process Innovations:

6. Waste Reduction and Management:

7. Carbon Offsetting:

8. Continuous Performance Monitoring:

9. Regulatory Compliance and Certification:

AAAAAAAA

eDesign for Efficiency: Optimize building orientation, layout, and envelope design to minimize energy needs for heating, cooling, and
lighting.

eHigh-Performance Building Materials: Use materials with high thermal resistance and durability to reduce energy consumption over
the building's lifetime.

eAdvanced HVAC Systems: Implement highly efficient heating, ventilation, and air conditioning systems that use less energy and
incorporate renewable energy sources.

*On-Site Renewable Energy: Install solar panels, wind turbines, or geothermal systems to generate renewable energy directly at the
construction site.

ePurchase Renewable Energy: For energy needs that cannot be met on-site, purchase green energy from renewable sources through
power purchase agreements (PPAs) or renewable energy certificates (RECs).

eLow Carbon Materials: Select construction materials with low embodied carbon, such as recycled materials, sustainably harvested
wood, or alternatives to traditional cement.

eLocal Sourcing: Reduce transportation emissions by sourcing materials locally where possible.
*Recycling and Reuse: Maximize the use of recycled or reclaimed materials and design for future disassembly and reuse of materials.

eBiomaterials: Use materials that capture and store carbon dioxide during their production, like timber from sustainably managed
forests or bio-based materials like hempcrete.

eLandscaping and Green Spaces: Incorporate landscaping that can absorb CO2, such as through extensive tree planting or green roofs.

oEfficient Construction Techniques: Adopt construction methods that reduce waste, such as prefabrication or modular construction.
*Minimize Site Impact: Use construction practices that reduce fuel consumption and limit the disturbance of carbon-sequestering soil
layers.

eConstruction Waste Management: Plan and implement waste reduction strategies, recycling, and responsible disposal to minimize
landfill waste, which can generate methane, a potent greenhouse gas.

eCircular Economy Principles: Design buildings and infrastructure for longevity, adaptability, and eventual deconstruction for material
recovery.

*Offsets: For emissions that are difficult or impossible to eliminate, invest in carbon offset projects such as reforestation, afforestation,
or carbon capture and storage technologies.

*Building Management Systems (BMS): Use BMS to continuously monitor and optimize building energy use.
*Post-Construction Testing and Commissioning: Ensure that all systems are functioning at their highest efficiency and continue to
improve operations based on performance data.

eAdhere to Green Building Standards: Follow standards and frameworks like LEED, BREEAM, or the Living Building Challenge to guide
the design and construction towards carbon neutrality.

eDocumentation and Verification: Maintain thorough documentation of all sustainability measures and seek third-party verification to
ensure compliance with carbon neutral objectives




What do we mean by “carbon offsetting” in construction?

"Carbon offsetting" in construction refers to measures taken to compensate for the greenhouse
gas emissions produced during building processes by investing in projects or initiatives that
reduce or remove an equivalent amount of carbon dioxide (CO2) from the atmosphere. This
practice is part of broader efforts to achieve carbon neutrality or reduce the overall carbon
footprint of construction projects.

In the context of construction, carbon offsetting can involve several strategies, such as:

Investing in Renewable Energy: Funding renewable energy projects such as solar, wind, or
hydroelectric power that displace fossil fuel energy.

Energy Efficiency Improvements: Supporting projects that enhance energy efficiency in buildings
and infrastructure, thereby reducing the amount of energy required and the associated
emissions.

Reforestation and Afforestation: Planting trees or restoring forests which naturally absorb CO2
from the atmosphere as they grow.

Carbon Capture and Storage (CCS): Investing in technologies that capture and store CO2 emissions
underground.

Sustainable Materials: Using low-carbon or recycled materials in construction to reduce the
emissions associated with manufacturing new building materials.

Carbon offsetting is typically used when it is not feasible to eliminate emissions directly through
on-site actions or improvements. The goal is to balance out emissions by ensuring an equivalent
reduction elsewhere, making the overall impact of the construction project more environmentally
friendly.



How can natural light be optimized in public buildings’ design?

. Building Orientation and Layout:

Strategic Orientation: Align the building on the site to maximize sunlight exposure where needed, based on geographic location and climate considerations. This often involves positioning longer facades
to face north and south in the northern hemisphere to capture consistent, indirect light.

Open Floor Plans: Design interior spaces with fewer walls to allow light to penetrate deeper into the building.

. Windows and Glazing:
Window Placement: Position windows to maximize daylight entry while minimizing glare and overheating. High-level windows or clerestory windows can bring light into deeper spaces.
Glazing Technologies: Use advanced glazing options with variable opacity or tinting capabilities to manage light intensity and heat gain throughout the day.
Light Shelves: Install light shelves above windows to reflect light deeper into the interior spaces while shading the lower sections from direct sunlight, reducing glare.

. Skylights and Atriums:
Skylights: Incorporate skylights strategically in areas that require more light or are away from windows. Consider automated, tintable skylight options to control light and heat levels.
Atriums: Design large central atriums in buildings to distribute natural light throughout interconnected floors, enhancing light penetration in central areas of large buildings.

. Solar Tube Technology:

Solar Tubes: Also known as sun tubes or light pipes, these are highly reflective pipes installed from the roof to ceiling to bring natural light into rooms without direct roof access. They are particularly
effective for interior rooms.

. Reflective Surfaces and Colors:

Interior Design: Use light-colored walls, ceilings, and floors to reflect and diffuse natural light throughout the space.

Reflective Materials: Incorporate materials with high light reflectance values (LRV) in the design to maximize the efficiency of light distribution.
. Shading and Overhangs:

Exterior Shading Devices: Design overhangs, louvers, and brise-soleil to block high summer sun, while allowing lower-angle winter sun to enter, balancing light entry and thermal comfort.
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Vegetation: Use trees and plants strategically to provide natural shading during peak sunlight hours while contributing to aesthetic and air quality benefits.
. Integrated Daylighting Controls:

Sensors and Automation: Implement systems that automatically adjust artificial lighting based on the amount of natural light, reducing energy consumption and maintaining consistent lighting levels.

@)
©
=
3
N,
>
0Q
>
Q
—
C
=
L
&
-
—t
=
—t
>
D
(oR
M
L.
0Q
>
o
—h
©
C
=2
=
O
<
=
>
0Q
w
M
>
-y
Q
>
(@)
D
(%)

Smart Glass: Utilize electrochromic or photochromic glass that adjusts transparency based on the intensity of incoming sunlight.




Solar Tube Technology
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and what are its principles?

Sustainable landscaping is a method of designing, constructing, and maintaining
landscapes in ways that effectively address environmental, social, and economic issues.
In urban projects, this approach aims to create green spaces that are not only
aesthetically pleasing but also environmentally beneficial and resource-efficient. Here’s
a breakdown of what sustainable landscaping involves and how it’s applied in urban
environments:

Principles of Sustainable Landscaping:

Water Efficiency: Utilize drought-resistant plants, efficient irrigation systems like drip
irrigation, and rainwater harvesting techniques to minimize water use.

Soil Health: Preserve and improve soil health through the use of organicamendments,
proper mulching, and avoiding soil compaction during construction to enhance water
absorption and retention.

Choice of Plants: Select native or adapted species that require less water, fewer
pesticides, and lower overall maintenance. These plants are more likely to thrive in the
local climate and support local biodiversity.

Reduced Chemical Use: Limit or eliminate the use of synthetic fertilizers and pesticides.
Opt for organic products and integrated pest management strategies to reduce
environmental toxicity.

Waste Reduction: Implement practices such as composting and use of recycled
materials (like rubber mulch from recycled tires) to minimize waste in landscaping
processes.

CURB NOTCHES

MULCH

BIO-RETENTION SOIL
GRAVEL BASE

PERFORATED PIPE

Section drawing of a rain garden




Watch the video
Sustainable Landscaping Part 1

* Link:
https://www.youtube.com/watch?v=e1WUurNTgJc&ab channel=Mas
terGardenersofNorthernVirginia

(you may also click on the YouTube Logo below)

(11| Tube



https://www.youtube.com/watch?v=e1WUurNTgJc&ab_channel=MasterGardenersofNorthernVirginia
https://www.youtube.com/watch?v=e1WUurNTgJc&ab_channel=MasterGardenersofNorthernVirginia
https://www.youtube.com/watch?v=e1WUurNTgJc&ab_channel=MasterGardenersofNorthernVirginia

How can sustainable landscaping be
implemented in urban projects?

1. Public Parks and Green Spaces:

* Design: Incorporate a variety of native species to create multi-functional spaces that are biodiverse and offer recreational, educational, and ecological
benefits.

* Maintenance: Establish maintenance routines that are eco-friendly, such as electric maintenance equipment and organic weed control.
2. Urban Street Landscaping:

* Tree Planting: Integrate street trees which help reduce urban heat island effect, provide shade, and improve air quality.

Rain Gardens: Design sidewalks and medians with rain gardens that naturally filter stormwater runoff, reducing the burden on urban drainage
systems.

3. Residential and Commercial Developments:

Green Roofs and Walls: Implement green roofs and living walls which insulate buildings, reduce energy use, and expand the green footprint.

Permeable Pavements: Use permeable materials for walkways and parking lots to allow water infiltration, reducing runoff and improving water
quality.

4. Water Sensitive Urban Design (WSUD):

Integrated Water Management: Design landscapes that integrate water management into the aesthetic and functional aspects of the design, using
features like bioswales and retention ponds.

U

. Habitat Restoration:

Wildlife Support: Design urban landscapes that serve as corridors for wildlife, providing habitats and safe passageways through urban areas.

6. Community Gardens and Urban Agriculture:

Local Food Production: Facilitate community gardens which foster local food production, community engagement, and education about sustainable
practices.



What techniques are used in sustainable tunnel construction?

1. Advanced Tunneling Methods:

*  Tunnel Boring Machines (TBMs): TBMs reduce surface disruption compared to traditional cutand-cover methods. They are designed to minimize the amount of excavated material and
manage it more efficiently. The use of electriccpowered TBMs also reduces carbon emissions during construction.

¢ Segmental Lining Technology: Prefabricated segments are used to line the tunnel as the TBM progresses. These segments can bemade from recycled materials or low-carbon concrete,
enhancing the sustainability of the structure.

2. Material Efficiency and Recycling:

* Use of Recycled Materials: Incorporate recycled materials in the concrete and other construction materials where possible. Ths includes using fly ash or slag in the concrete mix, which
can improve the material properties while reducing waste and emissions.

* Waste Management Strategies: Implement strict waste management protocols to recycle and reuse materials, reducing landfill wate and the environmental impact associated with
material extraction and processing.

3. Water and Energy Management:
*  Water Conservation: Use water recycling systems on-site to treat and reuse water used for tunneling operations, such as cooling TBM cutter heads and suppressing dust.

*  Energy-Efficient Lighting and Ventilation Systems: Install LED lighting and smart, energy-efficient ventilation systems that can adapt to the current use and conditions inside the tunnel to
minimize energy consumption.

4. Environmental Impact Minimization:

* Reduced Land Take: Design the tunnel alignment to minimize surface land take and avoid ecologically sensitive areas. This approach helps preserve biodiversity and reduces the overall
environmental footprint of the project.

*  Construction Noise and Vibration Control: Implement measures to minimize noise and vibration during construction to reduce inpacts on nearby communities and ecosystems.
5. Durability and Maintenance:

* Long-Life Design: Opt for design solutions that extend the lifespan of the tunnel with minimal maintenance requirements. This involves using high-quality, durable materials and
protective coatings that can withstand harsh environments and reduce the need for frequent repairs.

*  Monitoring and Maintenance Technologies: Integrate advanced monitoring systems, such as sensors to detect structural weaknes®s or water ingress early. This proactive approach
allows for timely maintenance interventions, extending the tunnel’s service life and reducing longterm environmental impacts.

6. Carbon Footprint Reduction:

*  Carbon Offsetting: In cases where emissions cannot be completely eliminated, invest in carbon offset projects to balance outthe construction's carbon footprint.
* Lifecycle Assessment (LCA): Conduct a comprehensive LCA to identify and mitigate carborrintensive stages of the construction process.

7. Community and Stakeholder Engagement:

e Transparent Communication: Engage with local communities and stakeholders throughout the project to address concerns and incaporate feedback, which can lead to more socially
sustainable outcomes.



What causes the urban heat island effect?

» Surface Albedo: Urban structures such as buildings and
roads often have low aIbedo(}they absorb and re-emit
more solar energy? compared to natural landscapes,
which typically reflect more sunlight and stay cooler.

Late afterncon temperature °C

* Lack of Vegetation: Cities often lack sufficient green
spaces, which results in less shade and moisture from
vegetation that would otherwise help cool the air
through the process of evapotranspiration.

Rural Suburban Commercial City Urban Park Suburban Rural
Residential Residential Residential Farmland

. Wgste H?at: Energy usa (Ieoinl(cj:ities for transportation,
industrial processes, and building operations generates
significant amounts of waste heat, contributing to higher HEAT ISLANDS

Temperature varies with land use

temperatures.

e Building Density: High concentrations of buildings and
narrow streets can trap heat, especially at night,
preventing cities from cooling down.

* Material Properties: Urban materials like concrete and
asphalt absorb and retain heat more efficiently than RURAL  INDUSTRIAL  DOWNTOWN
natural materials, which helps maintain higher
te m peratu reS . Source: U.S. EPA 2012 CLIMATE CeD CENTRAL




What are some urban heat island effect mitigation strategies?

1. Increase Green Coverage:

* Plant Trees and Create Parks: Trees and vegetation provide shade and promote cooling through evapotranspiration. Increasing green spaces, like parks and vertical gardens, can
significantly reduce surface and air temperatures.

* Green Roofs: Encourage or mandate the installation of green roofs on buildings to help absorb rainwater, provide insulation, and reduce surface temperatures.
2. Enhance Albedo:

» Reflective Building Materials: Use high-albedo materials in the construction of buildings, roads, and other infrastructure to reflect more sunlight and absorb less heat.
*  Cool Roofs: Implement cool roofing technologies that reflect more sunlight and absorb less heat than standard roofing materials.

3. Urban Planning and Design:

*  Smart Growth: Implement urban planning strategies that reduce urban sprawl and promote more efficient land use while incorporating significant green spaces.
* Building Orientation: Design streets and buildings to maximize natural ventilation and light, reducing the need for artificial cooling and lighting.

4. Water-Sensitive Urban Design:

* Incorporate Water Features: Use water bodies, such as ponds and fountains, which can help cool the surrounding areas.

* Rain Gardens and Bioswales: These features can help manage stormwater while adding to the urban greenery, further aiding in c ooling.

5. Modify Surfaces:

. Perllfneable Pavements: Replace traditional concrete and asphalt with permeable materials that allow water to percolate through the surface, reducing runoff and enhancing
cooling.

6. Energy Efficiency Measures:

* Reduce Energy Consumption: Improve building energy efficiency to reduce waste heat from air conditioning and other systems.

* Promote Renewable Energy: Shift from fossil fuels to renewable energy sources to reduce heat generated by energy production.

7. Legislation and Policies:

* Building Codes and Regulations: Update local building codes to require or incentivize reflective surfaces, green roofs, and e nergy-efficient designs.

* Incentives for Green Development: Provide tax incentives, subsidies, or development bonuses for projects that incorporate UHI mitigation strategies.
8. Community Engagement and Education:

*  Public Awareness Campaigns: Educate the public and businesses about the impacts of the UHI effect and how they can help mitig ate it through simple actions like planting trees
or installing reflective roofs.



How can GIS assist infrastructure
sustainability?

* Geographic Information Systems (GIS)
are powerful tools used extensively in
the planning and management of WHAT IS GIS?

GEOGRAPHIC INFORMATION SYSTEMS
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How is geographic information systems (GIS) applied in sustainable
infrastructure planning?

1. Site Selection and Analysis:

Optimal Placement: GIS helps identify the best |ocations for infrastructure projects by analyzing various spatial data layers such as land use, soil quality, hydrology, and existing infrastructure. This is crucial for
minimizing environmental impacts and enhancing accessibility.

Environmental Impact Assessments (EIA): GIS is used to predict and visualize the environmental impacts of proposed infrastructure projects, helping planners make informed decisions to mitigate adverse effects.

2. Resource Management:

Water Resources: GIS aids in managing water resources by mapping watershed characteristics, predicting water demand, and planning for sustainable water distribution systems.

Energy Resources: In renewable energy projects, GIS can be used to determine the optimal locations for solar panels or wind turbines based on historical sunlight and wind data.

3. Urban Planning and Development:

Lﬂnd Lg_se Planning: GIS helpsin planning urban growth in a sustainable way by analyzing patterns of current land use and proj ecting future changes. This includes zoning, transport network planning, and green space
allocation.

Transpolr‘cat}i?nI Networks: GIS supports the design of efficient public transportation systems by analyzing traffic patterns, population density, and accessibility to minimize vehicular emissions and reduce reliance on
personal vehicles.

4. Disaster Management and Mitigation:

Risk Analysis: GIS is utilized to map areas that are vulnerable to natural disasters like floods, hurricanes, or earthquakes. This data is crucial for designinginfrastructure that can withstand such events or for planning
evacuation routes and strategies.

Climate Change Adaptation: Planners use GIS to understand the potential impacts of climate change on infrastructure, such as rising sea levels affecting coastal areas, helping to devise resilient infrastructure solutions.

5. Environmental Conservation and Management:

Conservation Efforts: GIS is instrumental in biodiversity conservation planning by mapping habitats and species distributions. This information can be used to design infrastructure that minimizes disruption to
ecosystems.

Pollution Control: GIS helps monitor and manage pollution by tracking sources of contamination and modeling dispersion patter ns, which is crucial for placing pollution control infrastructure.

6. Public Participation and Engagement:

Interactive Platforms: GIS can be used to create interactive maps and tools that the public can access to understand the impacts and benefits of proposed infrastructure projects, enhancing transparency and
community involvement.

7. Maintenance and Monitoring:

Asset Management: GIS databases are used to manage and monitor infrastructure assets, schedule maintenance, and optimize operational efficiency.

Performance Monitoring: GIS tools analyze data from various sensors placed in infrastructure systems (like water networks or roads) to monitor their condition and performance in real time.

8. Integration with Other Technologies:

Combining with loT: GIS often integrates with Internet of Things (loT) technologies to enhance the collection, analysis, and visualization of real-time data from infrastructure systems, leading to smarter and more
responsive urban environments.



How does public participation influence sustainable infrastructure development?

1. Ensuring Relevance and Meeting Community Needs:

. Fostering Local Capacity and Empowerment:

. Long-Term Sustainability and Maintenance:

. Reducing Conflicts and Delays:

Community Insights: Local residents provide valuable insights into their needs and the challenges they face. This information helpsin designing infrastructure that is better tailored to serve the community effectively.

Prioritizing Projects: Public input can help prioritize projects based on actual community needs rather than perceived ones, ensuring that the most critical issues are addressed first.

. Enhancing Project Design and Planning:

Improved Design Solutions: Community feedback can lead to design modifications thatare more aligned with local contexts and preferences, such as the integration of green spaces, safer pedestrian pathways, or more
efficient public transport options.

Risk Identification: Residents may identify potential problems or risks associated with a project that planners might overlook, such as local flooding issues or traffic congestion, allowing for early modifications to the
plan.

. Building Public Trust and Support:

Transparency: Open dialogues between project developers and the community promote transparency, helping to build trust in the authorities and the processes involved.

Support and Advocacy: When people are involved in the decision-making process, they are more likely to support and advocate for the project, facilitating smoother implementation and long-term sustainability.

. Enhancing Social Equity:

Inclusive Participation: Ensuring that all segments of the community, especially marginalized and vulnerable groups, have avoice in the planning process helps address social equity concerns. This can lead to the
development of infrastructure that is accessible and beneficial to everyone, not just a select few.

Addressing Environmental Justice: Public involvement can help identify and mitigate negative impacts on disadvantaged communities, which are often disproportionately affected by poor infrastructure.

. Facilitating Regulatory and Funding Approval:

Streamlined Approvals: Projects with strong community backing are more likely to pass through regulatory reviews and receive approval from local governments.

Access to Funding: Some funding bodies require demonstrated community support and involvement as a condition for financing. Active public participation can thus be crucial in securing necessary funds.

Skills Development: Participatory processes can enhance the skills of community members, building local capacity to engage effectively with future projects.

Empowerment: By involving the public in decision-making, individuals feel empowered and accountable for the development and upkeep of the infrastructure.

Community Stewardship: People tend to take better care of infrastructure they have played a role in developing. This leads to better maintenance and longevity of the facilities.

Adaptive Management: Ongoing public feedback during and after the project implementation can help identify unforeseen issues and adapt the management strategies accordingly.

Anticipating Opposition: Early and continuous engagement helps anticipate and mitigate opposition by addressing concerns before they escalate into conflicts or legal challenges.

Mitigating NIMBY (Not In My Back Yard) Syndrome: Effective communication and involvement can reduce resistance from local communities opposed to certain developments close to th



What does resilient infrastructure look like
and how can it adapt to climate change?

* Resilient infrastructure is designed to anticipate, withstand, recover from, and adapt to
adverse events, including those exacerbated by climate change such as more frequent
and severe weather events, rising sea levels, and increasing temperatures.

* This type of infrastructure is essential for ensuring continued functionality and service in
the face of these challenges, minimizing disruptions to the economy and society.

Characteristics of Resilient Infrastructure:

* Robustness: Designed to withstand specific disasters like floods, earthquakes, or high
winds without significant damage.

* Redundancy: Features backup systems or alternative routes for essential services that
ensure functionality if one part of the system fails.

* Resourcefulness: Ability to respond effectively to emergencies, including efficient use of
resources and rapid recovery strategies.

* Adaptability: Capable of modifications in response to changing conditions or improved
understanding of risks.

Nature-based solutions can be
part of the solution. They have a
smaller carbon footprint than
gray infrastructure and usually
sequester carbon—plus they

WHAT IS
RESILIENGE?

MAKING OUR INFRASTRUCTURE RESILIENT
IS EVER MORE IMPORTANT AS CLIMATE
CHANGE INTENSIFIES EXTREME WEATHER

America's current infrastructure
is rated

What is it?
Resilience is the ability
of communities and
ecosystems to
withstand, learn from,
and adapt to the
impacts of climate
change!

We need to rebuild and improve
our infrastructure, and resilience
needs to be a part of that!

Grade source: American Society of Civil Engineers

What are
nature-based
solutions?
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literally grow over time!

They restore and/or emulate
nature to increase human,
ecosystem, and infrastructure
"bounce back"
from climate impacts

earn more at eesi.org!
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What are some strategies for adapting infrastructure to climate change?

1. Risk Assessment and Planning:

*  Vulnerability Assessments: Conduct comprehensive assessments to understand how climate change can impact specific infrastructure systems in different regions.
*  Future-Proofing Designs: Integrate future climate scenarios into the design and planning of infrastructure to ensure long-term usability.

2. Enhancing Structural Durability:

¢  Use of Advanced Materials: Employ materials and construction techniques that are more resistant to extreme weather, corrosion, and other climate-related stresses.

e Elevating Structures: In flood-prone areas, elevate buildings, roads, and other infrastructure to reduce flood damage.
3. Incorporating Natural Defenses:

*  Green Infrastructure: Utilize natural solutions like wetlands and mangroves that absorb storm surges and high waters, or urban forestry to mitigate urban heat island effects and improve air
quality.

*  Permeable Surfaces: Implement permeable pavements to enhance water absorption and manage runoff effectively.

4. Water Management Innovations:

* Improved Drainage Systems: Design drainage systems capable of handling larger volumes of water, and consider advanced systems like smart stormwater management technologies.
*  Water-Resilient Landscaping: Use landscaping techniques that reduce water usage and improve water retention in soil, helping to protect against drought and reduce heat.

5. Energy Resilience:

e Renewable Energy Sources: Incorporate renewable energy to reduce dependency on centralized power grids and ensure power availability during disruptions.

*  Microgrids and Energy Storage: Develop local microgrids that can operate independently during outages and use battery storage systems to maintain critical operations.

6. Transportation and Communication Systems:

* Diverse Transportation Networks: Create multi-modal transportation systems that offer alternatives in case one mode becomes inoperable.

*  Robust Communication Networks: Ensure communication systems can continue to operate under extreme conditions, which is critical for emergency responses and information dissemination.
7. Regulatory and Policy Frameworks:

*  Building Codes and Standards: Update and enforce building codes that reflect the latest science on climate resilience.

* Investment in Resilience: Prioritize funding and investments in projects that build resilience into existing and new infrastructure.

8. Community and Stakeholder Involvement:

*  Engagement and Education: Involve local communities in resilience planning and provide education on risks and responses to ensure community-level preparedness and adaptation.

* Resilient infrastructure is about creating systems that are not just robust but also flexible enough to adapt over time. It requires a proactive approach, incorporating the latest predictive models
and technological innovations, and engaging all stakeholders in a continuous dialogue to ensure that infrastructure can meet future challenges posed by climate change effectively.
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