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Abstract Cities cover only 3% of the planet’s surface, yet they are responsible for
more than 75% of the global emissions. Given the projected urban built area will
double by 2060, the carbon emitted from cities will further increase. SOM proposes the
Urban Sequoia concept, for buildings that go beyond ‘net zero’ and absorb carbon from
the atmosphere. This concept combines multiple strategies, including the use of an
optimised building form with a highly efficient structural system, modularized
prefabrication techniques, holistic integration of facade, MEP and interiors’
components, bio-based materials, and Direct Air Capture (DAC) technology, to reduce
a 40-storey building’s whole life cycle carbon emissions by more than 300% over a
100-year lifespan. Calculations of embodied carbon emissions are performed with
SOM’s in-house Environmental Analysis (EA) Tool to demonstrate the effectiveness of
employing Urban Sequoia’s design strategies in the design of new buildings using

current technologies.
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1. Introduction

Urban Sequoia responds to an urgent need to rethink
the design and construction of the built environment.
Only 3% of the planet’s surface is covered by cities, yet
the world’s urbanised areas generate about 75% of all
global carbon emissions (Hasman, 2023, p.74). To
accommodate increasing populations, the United Nations
has predicted that another 230 billion square metres of
building stock will be needed in cities by 2060 (Global
Alliance for Buildings and Construction, 2021, p.29). To
meet this goal, SOM has started to think of buildings as
living organisms that can significantly reduce embodied
carbon, generate energy in their operation, absorb carbon
from the atmosphere, and last much longer than the
typical 60-year lifespan of a building (Fig. 1). By combining
these strategies, buildings can be designed to go beyond
net zero carbon.

The design brings SOM’s 2021 high-rise prototype
from a visionary concept to a buildable reality. The
building would reduce upfront embodied carbon by 70%
—from construction alone—when compared to that of a

typical high-rise. In the first five years of the tower’s life,
it would reach a 100% reduction in whole life cycle
carbon, achieving net zero. Over an extended, 100-year
lifespan, an Urban Sequoia building would absorb more
than 300% of the amount of carbon emitted in its
construction and operations.

Reduction of upfront carbon emissions for structural
and architectural elements is further validated with
SOM’s in-house EA Tool to demonstrate the effectiveness
of employing Urban Sequoia’s design strategies, using
current technologies. EA Tool is a software developed by
SOM to calculate a building’s embodied carbon emissions.
It enables the architects and engineers to quickly compare
the carbon footprint of different structural, curtain wall
and MEP systems, as well as base isolation or energy
dissipation systems, with the aim to select the optimum
design option.

2. Optimised Structural System

The structural system typically accounts for most of the
embodied carbon emissions of a high-rise building.
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Figure 1. Illustrative Section of the Urban Sequoia Concept Building.

Through optimisation of the building’s geometry (Fig. 2),
with advanced finite-element analysis techniques, a
significant savings in a building's embodied carbon
emission can be achieved by reducing structural material
quantities. Urban Sequoia utilises a modular system to
reduce structural weight. Each module of the floor plate
is geometrically optimised to achieve greater structural
efficiency, reducing structural floor material by over 50%.
The overall shape of the building footprint is also
optimised to further reduce wind loads, hence embodied
carbon emissions.

3. Low-carbon Concrete

Low-carbon concrete made with carbon-neutral Portland
Cement and other cementitious materials has the potential
to be an ecologically friendly material with comparable or
superior performance characteristics to traditional Portland
Cement and a low carbon footprint (Finke and Leandri,
2020). In Urban Sequoia, low-carbon concrete is used as
the main structural material for columns, beams, and
walls, with up to 70% cement replacement, which results
in a reduction of the structural system’s embodied carbon
emissions up to 60%.

4. Bio-based Materials

Bio-concrete, hempcrete, timber, and carbon-sequestering
fillers, as well as aggregates are examples of materials
that absorb and store carbon over their lifetime. Bio-
concrete, developed at the University of Colorado Boulder
along with Prometheus Materials, is a Living Building
Material (LBM), created by combining aggregate, hydro
solution, and cyanobacterium. This algae-based, low-

Figure 2. Axonometric Diagram showing Optimised
Structural Floor Plate with Thin Shell Profile.

carbon concrete alternative primarily uses biological
processes to provide a structural binder to any aggregate
type (Kologlu et. al, 2022; Sarkisian et. al, 2022).

Hempcrete is a biocomposite material composed of
hemp shives (i.e. the woody inner part of the hemp stalk
cut into pieces), water, lime and a sand or cement binder.
Because this material's strength is limited, it is usually
used for non-structural components (Elfordy et. al, 2008;
Arrigoni et. al, 2017).

The carbon sequestration of timber-based products
happens when the atmospheric CO, is sequestered in the
photosynthesis of biomass. In exchange, the trees emit
oxygen and forever store carbon until they are combusted
for fuel or cut to make materials where parts are sent to
landfill to decay. Because of their rapid growth, bamboo
and other fast-growing plants, such as straw, are regarded
among the highest carbon-sequestering materials. For
example, Guadua Angustifolia bamboo sequesters as
much carbon in 7 years as Douglas fir does in 32 years
(Hinkle et. al, 2019).

Urban Sequoia utilises various bio-based materials as
part of different building components to reduce the
building’s overall embodied carbon emissions by up to
40%. For example, low carbon-concrete is used as the



Beyond Net Zero - SOM’s Urban Sequoia Building Concept and Technologies for Future, Regenerative Cities

N

Hempcrete
interior partitions
and insulation

D1}

NN EA
¢ Y/ .Y N

Ll

Timber
floor finish S R‘
NS
' Bioconcrete N

Carbon absorbing
material

123

Figure 3. Bio-Based Material Use in the Urban Sequoia Building.

material for the main structure in lieu of traditional
Portland Cement concrete. Timber is utilised on flooring
and furniture. Bio-cement is used as insulation and in
interior partition walls (Fig. 3).

5. Modularised Prefabrication and
Construction Approach

Construction-related carbon emissions are substantial -
sometimes making up as much as 25% of the total
embodied carbon emissions of a building (Sarkisian et. al,
2022). The carbon emitted from construction includes
emissions from building machinery, materials transported
from various places, and necessary personnel transportation,
among other factors.

As a widely used building material, concrete has high
embodied carbon emissions, associated with the con-
struction process, in primary relation to the number of
days it takes to complete one story in the construction
cycle and formwork. Optimising cores and columns (for
ease of vertical forming), and floor plate geometry (for
ease of horizontal forming) can help reduce floor-to-floor

cycles from 7 to 5 days, and even to 3 days (Sarkisian et.
al, 2022). One approach to accelerate the construction
process involves using prefabrication to achieve fast
floor-to-floor construction cycles. While low Portland
Cement and low-carbon concrete typically have low early
strength, and require extended time to gain higher design
strength, precasting can be used to allow the material to
reach the necessary strength offsite, and then be quickly
erected on-site without any need for formwork. A
construction process embraced by these approaches can
lead to the pre-assembly of the major building components
in order to minimise construction time, waste and all the
associated carbon emissions.

Considering this, each module of the Urban Sequoia
would be prefabricated and assembled on-site, reducing
the construction time by up to 50% and the embodied
carbon emissions (associated with construction) by up to
40% (HTA, 2023). The construction downtime and
construction carbon footprint related to new interior fit-
out can also be significantly reduced in this process.
Furthermore, the building is purposely designed such that
it can be easily repurposed to accommodate any given

———
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?

Figure 4. Integrated Floor System Employing a Reductive Design Approach.
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function, from hospitality to residential and to commercial,
over its entire lifecycle.

6. Holistic Integration of Facade, MEP and
Interior Components

Rather than taking the typical, additive construction
approach, in which a structure is built, followed by the
facade, the MEP and other building systems, as well as
the interior fit-out—which all add carbon to the atmosphere—
the Urban Sequoia’s construction is combined into one,
streamlined process. In this reductive approach, every
part of the building would serve multiple purposes (Fig.
4). SOM’s new approach consolidates and eliminates
select building systems that are typically hidden in ceilings,
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like air ducts and other MEP equipment, significantly
decreasing material use.

7. Carbon Capture Technology

Direct Air Capture (DAC) technology captures CO,
emissions directly from the atmosphere. The captured
CO;, is then transported away, and turned into marketable,
industrial and commercial products (Terlouw et. al, 2021).

In the Urban Sequoia building, air flows into ventilation
openings, situated on every floor, as well as sky gardens,
which double as amenities and provide large air capture
zones. Building’s natural stack effect then helps move air
through the Direct Air Capture machines and absorb CO,
in the process. The captured carbon would then be stored
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Figure 5. Different Stages of Building Whole Life Cycle Analysis. (according to EN15978)
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and available for use in various industrial applications,
completing the carbon cycle and forming the basis of a
new carbon-removal economy.

8. EA Tool

The Environmental Analysis Tool (EA Tool) is a

Project Title  Traditional
Project Size 52920 sqm
Construction - 289 days
Total Duration

Architecture Structure MEP Overall
Product 9467 17893 8550 35910 tonnes CO2e
Construction 465 5164 n 5700 tonnes CO2e
In Use 0 0 0 0 tonnes CO2e
End of Life 0 0 0 0 tonnes CO2e
Total 9932 23057 8621 41610 tonnes CO2e

= Architecture: 9932
[ Product: 9467
[ Construction: 466

= Structure: 23057
B Product: 17893
[ Construction: 5164

= MEP: 8621
3 Product: 8550
[ Construction: 71

© SKIDMORE, OWINGS & MERRILL LLP 2023

Figure 7. EA Tool User Interface.

Table 1. EA Tool Key Input Parameters

software developed by SOM to calculate a building's
embodied carbon emissions for different structural,
curtain wall, and MEP systems, as well as interior fit-
outs, starting from initial, concept designs. The EA Tool
provides the user with full flexibility to define various
building parameters, including the building material
usage, material transportation distances, embodied carbon

ProjectTitle  Urban Segq.
Project Size 52920 sqm
Construction - 129 days
Total Duration

Architecture Structure MEP rall
Product 2693 5732 4456 12881 tonnes CO2e
Construction 199 2226 32 2457 tonnes CO2e
In Use 0 0 0 0 tonnes CO2e
End of Life 0 0 0 0 tonnes CO2e
Total 2893 7958 4488 15339 tonnes CO2e

= Architecture: 2893
[ Product: 2693
[ Construction: 19

=] Structure: 7958
[ Product: 5732
[ Construction: 2226

= MEP: 4488
[ Product: 4456
[ Construction: 2

© SKIDMORE, OWINGS & MERRILL LLP 2023

Gross Floor Area (GFA) = 52920 m? Traditional Design Urban Sequoia Design
Unit Superstructure Concrete Quantities (m*/m?) 0.446° 0.269°
Unit Superstructure Rebar Quantities (kg/m?) 71.38% 37.23%
Unit Superstructure PT Quantities (kg/m?) - 3.17
Unit Foundation Concrete Quantities (m°/m?) 0.119° 0.095°
Unit Foundation Rebar Quantities (kg/m?) 16.54% 13.23°
% Superstructure High Strength Concrete 23 23
% Superstructure Medium Strength Concrete 77 77
% Foundation Low Strength Concrete 100 100
High Strength Concrete ECF (kgCO,/m°) 498° 1734
Medium Strength Concrete ECF (kgCO,/m®) 429¢ 152¢
Low Strength Concrete ECF (kgCO,/m?) 406° 290
Rebar ECF (kgCO,/kg) 0.98° 0.56°
PT ECF (kgCO/kg) - 2.30
Notes:

a. The reduced superstructure material quantities are estimated based on a previous study where both towers are constructed and anal-
ysed using a commercial structural analysis software (Sarkisian et. al, 2022).

b. Foundation structural quantities for traditional design is estimated based on a 2.5m-thick mat and a unit reinforcement quantity of
160kg/m?®. Foundation structural quantities for Urban Sequoia design is estimated based on a 2m-thick mat and a unit reinforcement

quantity of 128kg/m>, or 80% of traditional design quantities.

¢. Material Embodied Carbon Factors (ECFs) are obtained either from industry averages, or actual product specifications (Athena Sus-
tainable Materials Institute, 2021; Carbon Leadership Forum, 2021; One Click LCA, 2022).
d. Concrete material utilises low-carbon concrete with 70% cement replacement.
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Table 2. Structural and Architectural A1-A5 Carbon Footprint Comparison

Total Carbon Footprint (tonnes CO,)

Unit Carbon Footprint (kgCO,/m?)

Traditional Design

Urban Sequoia Design ~ Traditional Design ~ Urban Sequoia Design

Superstructure A1-A3 14,429
Foundation A1-A3 3,464
Exterior Wall A1-A3 4,208
Floor/Ceiling A1-A3 5,259
Construction A4-AS5 5,629
Total 32,989
Reduction (%)

3,843 273 73
1,889 65 36
1,412 80 27
1,281 99 24
2,425 106 46
10,850 623 205
67% 67%
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I
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Figure 8. 40-Storey Prototype Building.

factor (ECF) for many common building materials,
transportation, and construction process, as well as
construction duration. The EA Tool can also directly
import material quantities from commercial software,
such as Revit and ETABS.

The building’s whole life cycle carbon emissions can
be divided into four stages, according to the EU standards
(BS EN 15978:2011): product, construction, use, and end
of life (Fig. 5). The EA Tool has full functionality to
accurately compute the upfront embodied carbon emissions
(A1 - AS) of a building and gives users the option to
manually estimate the use stage, as well as the end of life
stage carbon emissions, based on the building’s upfront
embodied carbon emissions.

The flowchart (Fig. 6) illustrates the EA Tool’s upfront
embodied carbon emissions’ calculation process. The

user can either manually input basic building parameters,
such as building height, floor areas, structural system, and
architectural finishes to estimate the building’s material
usage, or directly import such quantities from a spreadsheet
or a commercial software. Based on these quantities, the
program will map the material to a database of material
ECFs, to calculate the product stage (A1-A3) embodied
carbon emissions. Manual or default transportation distances
can be specified to compute the transport-related (A2)
embodied carbon emissions, if this term is not already
included in the material ECFs. Manual or default
construction days for various construction processes can
also be specified to determine the carbon emissions
related to construction stage (A4-AS).

9. EA Tool Verification

The effectiveness of employing Urban Sequoia’s design
strategies to reduce a building’s whole life cycle carbon
emissions is validated using the EA Tool (Fig. 7). In the
following studies, the architectural and structural A1-AS
embodied carbon emissions of a 40-storey prototype
building is assessed - comparing an Urban Sequoia
building to a traditional reinforced concrete structure built
with Portland Cement.

The structural system for the prototype tower includes
a reinforced concrete core-only lateral load-resisting
system and reinforced concrete perimeter gravity columns.
A 3D representation of the building is shown (Fig. 8). In
the traditional design approach, a conventional reinforced
concrete floor plate is used. All concrete elements utilise
traditional Portland Cement. In the Urban Sequoia Design
approach, the floor plate is geometrically optimised with
with a shell structure, balanced by post-tensioned (PT)
tendons. Low-carbon concrete is also used throughout as
the main structural material. The architectural material
ECFs in the Urban Sequoia design is also generally lower
compared to that of the traditional design due to its use of
bio-based materials.

Table 1 summarises the key inputs utilised for the EA
Tool. The main differences between an Urban Sequoia
building and a traditional design include lower structural
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Figure 9. Urban Sequoia at City Scale.

material quantities (due to structural design optimisation),
lower material embodied carbon factors (due to low
carbon concrete), and a bio-based (wood) facade system
(instead of a commonly used aluminium one).

Table 2 summarises the key outputs of the EA Tool. It
is evident that the Urban Sequoia design approach can
reduce the structural and architectural embodied carbon
emissions (in Modules A1-A5) by 67%, when compared
to a similar building designed using traditional, additive
approaches.

10. Conclusion

Urban Sequoia is a buildable and validated concept that
can transform the current built-environment, at both
building and city scales, to a truly resilient and carbon
absorbing ‘urban forest’ (Fig. 9). Using reductive and
integrated design approaches, modular construction
techniques, and sustainable, low-carbon materials, together
with high performance building systems, new buildings
can start off with only 10% of the whole life cycle carbon
emissions, compared to that of a business-as-usual
building. With the addition of direct air capture units,
buildings can continuously absorb carbon from the
atmosphere, like that of a tree, reducing their their whole
life cycle carbon emissions by 340% over their 100—year
life cycle.

References

Athena Sustainable Materials Institute. (2021). A Cradle-to-
Gate Life Cycle Assessment of Ready-Mixed Concrete
Manufactured by NRMCA Members — Version 3.2. https:/

/www.nrmca.org/wp-content/uploads/NRMCA LCA
ReportV3-2.pdf

Arrigoni, A., Pelosato, R., Melia, P., Ruggieri, G., Sabbadini,
S., and Dotelli, G (2017). Life cycle assessment of natural
building materials: The role of carbonation, mixture
components and transport in the environmental impacts
of Hempcrete blocks. Journal of Cleaner Production, 149,
1051-1061. https://doi.org/10.1016/].jclepro.2017.02.161

Carbon Leadership Forum. (2021). 2021 Material Baselines.
(Baseline Report v2). https://carbonleadershipforum.org/
2021-material-baselines

Elfordy, S., Lucas, F., Tancret, F., Scudeller, Y., and Goudet,
L. (2008). Mechanical and thermal properties of lime and
hemp concrete (‘“hempcrete”) manufactured by a projection
process. Construction and Building Materials, 22(10),
2116-2123. https:/doi.org/10.1016/j.conbuildmat.2007.07.016

European Standards (2012). Sustainability of construction
works. Assessment of environmental performance of
buildings. Calculation Method. BS EN 15978:2011.

Finke, C., Leandri, H. (2020). Process to make calcium
oxide or ordinary portland cement from calcium bearing
rocks and minerals. (U.S. Patent No.US20210070656
Al). U.S. Patent and Trademark Office.

Global Alliance for Buildings and Construction. (2021).
2021 Global Status Report for Buildings and Construction.
Towards zero-emissions, efficient and resilient buildings
and construction. https://globalabce.org/sites/default/files/
2021-10/GABC_Buildings-GSR-2021 BOOK.pdf

Hinkle, H., McGinley M., Hargett, T., Dascher, Skye. (2019).
Carbon Farming with Timber Bamboo: A Superior
Sequestration Systeem Compared to Wood. https://bamcore.
com/wp-content/uploads/2019/01/Carbon-Farming-with-
Timber-Bamboo.pdf

Kologlu, Y., Srubar, W V. How Living Materials Could
Shape the Future of Architecture. https://www.som.com/
story/how-living-materials-could-shape-the-future-of-


https://www.nrmca.org/wp-content/uploads/NRMCA_LCAReportV3-2.pdf
https://www.nrmca.org/wp-content/uploads/NRMCA_LCAReportV3-2.pdf
https://bamcore.com/wp-content/uploads/2019/01/Carbon-Farming-with-Timber-Bamboo.pdf
https://bamcore.com/wp-content/uploads/2019/01/Carbon-Farming-with-Timber-Bamboo.pdf

128 Mina Hasman et al. | International Journal of High-Rise Buildings

architecture/

Hasman, M. (2023). RIBA Climate Guide 1st Edition. Routledge.
https://www.routledge.com/RIBA-Climate-Guide/
Hasman/p/book/9781914124471

HTA Design LLP. (2023). Ten Degrees, 100a George Street.
https://www.hta.co.uk/project/101-george-street

Inventory of Carbon & Energy. (2019). Industry average:
Steel, Wire rod [Version 3.0 Beta

One Click LCA Database. (2022). https://www.oneclicklca.com/

support/fag-and-guidance/documentation/database/

Terlouw, T., Treyer, K., Bauer, C., and Mazzotti, M. (2021).
Life cycle assessment of direct air carbon capture and
storage with low-carbon energy sources. Environmental
Science &; Technology, 55(16), 11397-11411. https://
doi.org/10.1021/acs.est.1¢03263

Sarkisian, M., Long, E., Beghini, A. and Micallef, K. (2022).
Structural Design of the Urban Sequoia Tower: STRUCTURE
magazine, June.


https://www.oneclicklca.com/support/faq-and-guidance/documentation/database/
https://www.oneclicklca.com/support/faq-and-guidance/documentation/database/

	00.0표2_편집위원명단(흑백으로)
	00.1Editor note
	Editors' Notes

	00.2.목차
	Contents

	01.107-120(Kheir Al-Kodmany et al)
	Abstract Tall buildings are frequently decried as unsustainable due to their excessive energy usage. Early skyscrapers used natural light and ventilation to facilitate human comfort and applied organic materials such as stone, glass, wood, concrete, ...
	Keywords Energy saving, Daylighting, Natural ventilation, Intelligent technologies, Renewable energies
	Sustainable Tall Buildings: Summary of Energy-Efficient Design
	Kheir Al-Kodmany1†, Mir M. Ali2, and Paul J. Armstrong2
	1Department of Urban Planning and Policy, University of Illinois at Chicago 2School of Architecture, University of Illinois at Urbana-Champaign
	1. Introduction
	2. Energy-Efficient Design Principles
	3. Case Studies
	4. Discussion
	5. Conclusion
	References




	02.121-128(Mina Hasman et al)
	Abstract Cities cover only 3% of the planet’s surface, yet they are responsible for more than 75% of the global emissions. Given the projected urban built area will double by 2060, the carbon emitted from cities will further increase. SOM proposes ...
	Beyond Net Zero - SOM’s Urban Sequoia Building Concept and Technologies for Future, Regenerative Cities
	Mina Hasman1, Jiejing Zhou2†, Alice Guarisco3, Nicholas Chan3, Alessandro Beghini3, Zhaofan Li2, Michael Cascio3, and Yasemin Kologlu3
	1Skidmore, Owings & Merrill (Europe) LLP 2Skidmore, Owings & Merrill (Shanghai) Architects Co. Ltd., China 3Skidmore, Owings & Merrill (USA) LLP
	1. Introduction
	2. Optimised Structural System
	3. Low-carbon Concrete
	4. Bio-based Materials
	5. Modularised Prefabrication and Construction Approach
	6. Holistic Integration of Facade, MEP and Interior Components
	7. Carbon Capture Technology
	8. EA Tool
	9. EA Tool Verification
	10. Conclusion
	References




	03.129-136(Yohan Kim et al)
	Abstract Natural ventilation has proven to be an effective passive strategy in improving energy efficiency and providing healthy environments. However, such a strategy has not been commonly adopted to tall office buildings that traditionally rely on ...
	Keywords Double-skin façade, Natural ventilation, CFD simulation, Tall office building, Parametric study
	The Impact of Double-Skin Façades on Indoor Airflow in Naturally Ventilated Tall Office Buildings
	Yohan Kim1†, Mahjoub M. Elnimeiri1, and Raymond J. Clark2
	1College of Architecture, Illinois Institute of Technology, Chicago, IL 2RJC Engineering LLC, Valparaiso, IN
	1. Introduction
	2. CFD Simulation
	3. Results
	4. Conclusion and Discussion
	References




	04.137-143(Giorgio Marfella et al)
	Abstract The use of Engineered Wood Systems (EWS), especially mass-timber, as a structural alternative or complement to steel and concrete is gaining interest and acceptance across different sectors of architecture, engineering, and construction, inc...
	Keywords Engineered Wood Systems, Multi-Storey Timber, Innovation Hurdles, Australia
	The Tall Frontier of Timber in Australia: Opportunities for Promotion Versus Industry Hurdles
	Giorgio Marfella1† and Kimberly Winson-Geideman2
	1Faculty of Architecture Building and Planning, University of Melbourne, Australia 2W.P. Carey School of Business, Arizona State University.
	1. Introduction
	2. Findings
	3. Discussion
	4. Conclusion
	Acknowledgments
	References




	05.145-152(Piyush Khairnar)
	Abstract Typical floor systems in contemporary tall buildings consist of reinforced concrete or composite metal deck over framing members and account for a majority of the structural weight of the building. The use of high-density materials, such as ...
	Lightweight Floor Systems for Tall Buildings: A Comparative Analysis of Structural Material Efficiencies

	Piyush Khairnar†
	Huckabee College of Architecture, Texas Tech University, Lubbock TX
	1. Introduction
	2. Performance and Weight of the Structural System
	3. Isotropic vs. Anisotropic Behavior of Structural Materials
	4. Research Problem and Objective
	5. Methodology
	6. Results and Discussion
	7. Conclusions
	References



	06.153-162(Amirreza Ardekani et al)
	Abstract Achieving sustainable spaces is one of the emerging trends of tall buildings regarding their significant impacts on the cities. Reducing energy consumption and material using is investigated as a widely used approach to achieve more efficien...
	The Effect of Plan Shape and Diagrid Angle on Structural Efficiency of Tall Buildings
	Amirreza Ardekani and Matin Alaghmandan†
	Faculty of Architecture and Urbanism, Shahid Beheshti University, Tehran, Iran
	1. Introduction
	2. Research Methodology and Goals
	3. Results and Discussion
	4. Conclusions
	References




	07.163-168(Lijian Ma)
	Abstract Today 55 percent of the population in the world lives in urban areas which is expected to increase to 68 percent by the year 2050. In the cities, high-rise buildings as symbols of the modern cityscape are dominating the skylines, but the dat...
	Keywords BIM, LCA, Embodied Energy, Environmental Impacts, High-rise Buildings
	Bim-based Life Cycle Assessment of Embodied Energy and Environmental Impacts of High-rise Buildings: A Literature Review
	Lijian Ma†
	College of Architecture, Illinois Institute of Technology, Chicago, USA
	1. Introduction
	2. Embodied Energy and High-rise Building
	3. LCA Methodologies and Bim
	4. Conclusions
	References




	08.169-177(Kheir Al-Kodmany)
	Abstract The massive increase in elevator usage and a severe demand for energy efficiency have prompted manufacturers to develop various innovative technologies, including AC and gearless motors, machine-room-less (MRL) technologies, regenerative dri...
	Keywords Energy saving, Efficiency, Technologies, Hardware, Software, Apps
	Tall Buildings and Elevator Technologies: Improving Energy Efficiency
	Kheir Al-Kodmany†
	Department of Urban Planning and Policy, the University of Illinois at Chicago
	1. Introduction
	2. Energy-Efficient Hardware
	3. Energy-Efficient Software
	4. Enhancing Elevator Energy Efficiency -- summary
	5. Future Developments
	Conclusion
	References




	09.179-193(Myung Sik Lee)
	Abstract It is undeniable that urban greenspace is the soul of a city. Conventional urban greenspace such as parks, community gardens, playgrounds etc. located within a city reduce the negative effects of pollution, play a major role in the survival ...
	Keywords Residential Greenspace, Sustainable Greenspace, Dilapidated residential building, Self-sufficient community, Restoration, Food-energy-social security, Pandemic preparedness
	A Study on Sustainable Greenspace based on Urban Remodeling Design of an Old Apartment Building
	Myung Sik Lee† and Seung Ryeol Min
	Division of Architectural Engineering, Dongguk University, Seoul, South Korea
	1. Introduction
	2. Literature Study
	3. Related Design Analysis
	4. Proposal Design Process & Outcomes
	5. Conclusion
	Acknowledgement
	References
	1)Aquaponics is a food production system that combines raising aquatic animals(aquaculture) such as fish in tanks with cultivating plants in water (hydroponics). Together in a system, the plants are provided with nutrient enriched water, produced in ...
	2)Urban heat island effect takes place when urbanized areas become warmer than their peripheries. This happens because densely built structures absorb and radiate more heat than natural surfaces.




	10.195-196(뒤1-(Submission-2p))
	Introduction to Paper Submission

	빈 페이지
	빈 페이지
	빈 페이지
	빈 페이지

