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The Challenge of a Climate Change

What causes climate change?

A changing climate presents a challenge to architects,
engineers, planners and constructers in the built environment.
In order to be better prepared to handle this challenge, built
environment professionals need to be educated and trained
on how to incorporate strategies that consider future climate
change within a region.

The causes of climate change are a complicated and often
argumentative topic with several opposing viewpoints.
However, there is strong evidence that natural causes (e.g.
variations in output from the sun) can’t explain our changing
climate alone [7, 9]. Instead, it is increasingly believed that the
activities and way of life of the earth’s human population
are causing the changes [6]. Carbon dioxide (CO2) is the major
greenhouse gas that contributes to climate change [8, 14].
Emission trends help to understand why climate change is
occurring, but it is difficult to predict long-term impacts of
greenhouse emissions. Making exact predictions of how global
average temperature will change over time is complicated [17].

Today, it is widely accepted that human activities are
contributing to climate change [1]. While the implications of
climate change are not yet fully understood, scientific evidence
suggests that t its affect could be profound on the world with
factors such as; rising sea levels, increased occurrences of
severe weather events, food shortages, changing patterns
of disease, severe water shortages and the loss of tropical
forests [2].
What is climate change?
Climate change is concerned with changes in key climate
variables: temperature, precipitation, atmospheric moisture,
snow cover, sea level and the extent of land and sea ice [3]. It
also involves the changing patterns in atmospheric and oceanic
circulation, extreme weather events and long-term climate
trends. Most experts agree that climate change is happening
now and over the next few decades, the world will undergo
more dramatic changes in climate, which will have a significant
impact on almost every aspect of our environment, economies
and societies [4,11].

CO2 is naturally present in the atmosphere as part of the
Earth’s carbon cycle; the natural circulation of carbon among
the atmosphere, oceans, soil, plants, and animals. Humans
are altering the carbon cycle both by adding more CO2 to the
atmosphere and by affecting the ability of natural sinks, like
forests, to remove CO2 from the atmosphere [1]. While CO2
emissions come from a variety of natural sources, humanaltered emissions are predominantly responsible for the
increase that has occurred in the atmosphere since the
industrial revolution [1]. In 2013, CO2 accounted for 82% of all
U.S. greenhouse gas emissions from human activities such
as cement production, deforestation and the burning of fossil
fuels [1, 10, 16].
Changes in CO2 emissions from fossil fuel combustion are
influenced by many long-term and short-term factors,
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including population growth, economic growth, changing
energy prices, new technologies, changing behavior, and
seasonal temperatures[1,15]. As shown in figure 1, between
1990 and 2013, the increase in CO2 emissions corresponded
with increased energy use by an expanding economy and
population, as well as an overall growth in emissions from
the electricity generation. Current development patterns also
bring substantial additions of emissions, largely because of the
increased automobile dependence that is associated with ever
expanding urban sprawl. As we spread building communities,
neighborhoods farther and farther apart, it becomes inevitable
that we must travel longer distances to work, shop, enjoy
recreation, and socialize. As a result, the distance between
simple facets and necessities in most cities spread further
from one another, demanding the necessity of vehicular
transportation. The bus stop may be farther away, too, even
if we are fortunate enough to have a bus that goes anywhere
close to our destination; in some places, there are no bus
services at all. This translates directly into growing emissions
of greenhouse gases as reported by National Research Council
reported that transportation emissions also contributed to the
7% increase, largely due to an increase in miles traveled by
motor vehicle between the years of 1993 to 2013(see figure 1).
Going forward, CO2 emissions in the United States are projected
to grow by about 1.5% between 2005 and 2020. [3]

in the Energy Supply sector.) [5]
•

Land Use, Land-Use Change, and Forestry (17% of 2004
global greenhouse gas emissions) - Greenhouse gas
emissions from this sector primarily include carbon dioxide
(CO2) emissions from deforestation, land clearing for
agriculture, and fires or decay of peat soils. This estimate
does not include the CO2 that ecosystems remove from the
atmosphere. The amount of CO2 that is removed is subject
to large uncertainty, although recent estimates indicate
that on a global scale, ecosystems on land remove about
twice as much CO2 as is lost by deforestation. [1,5,14]

•

Agriculture (14% of 2004 global greenhouse gas emissions)
From agriculture mostly come from the management of
agricultural soils, livestock, rice production, and biomass
burning [4,5,14].

•

Transportation (13% of 2004 global greenhouse gas
emissions) - Greenhouse gas emissions from this sector
primarily involve fossil fuels burned for road, rail, air, and
marine transportation. Almost all (95%) of the world’s
transportation energy comes from petroleum-based fuels,
largely gasoline and diesel[4,14].

•

Commercial and Residential Buildings (8% of 2004 global
greenhouse gas emissions) - Greenhouse gas emissions
from this sector arise from on-site energy generation and
burning fuels for heat in buildings or cooking in homes.
(Note: Emissions from electricity use are not included in
data provided in figure 1and Figure 2.) [14]

•

Waste and Wastewater (3% of 2004 global greenhouse
gas emissions) - The largest source of greenhouse gas
emissions in this sector is landfill methane (CH4), followed
by wastewater methane (CH4) and nitrous oxide (N2O).
Incineration of some waste products that were made with
fossil fuels, such as plastics and synthetic textiles, also
results in minor emissions of CO2[5,14].
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Figure1: U.S. Carbon Dioxide Gas Emissions, 1990-2013[1]
According to EPA global greenhouse gas emissions can also
be broken down by the economic activities that lead to their
production. [5]
•

Energy Supply (26% of 2004 global greenhouse gas
emissions) - The burning of coal, natural gas, and oil for
electricity and heat is the largest single source of global
greenhouse gas emissions [5].

•

Industry (19% of 2004 global greenhouse gas emissions)
- Greenhouse gas emissions from industry primarily
involve fossil fuels burned on-site at facilities for energy.
This sector also includes emissions from chemical,
metallurgical, and mineral transformation processes not
associated with energy consumption. (Note: Emissions
from electricity use are excluded and are instead covered

By EPA at the global scale, the key greenhouse gases emitted
by human activities are( percent distribution see figure 2):
•

Carbon dioxide (CO2) - Fossil fuel use is the primary source of
CO2. The way in which people use land is also an important
source of CO2, especially when it involves deforestation.
Land can also remove CO2 from the atmosphere through
reforestation, improvement of soils, and other activities [5].

•

Methane (CH4) - Agricultural activities, waste management,
and energy use all contribute to CH4 emissions [5].

•

Nitrous oxide (N2O) - Agricultural activities, such as
fertilizer use, are the primary source of N2O emissions [5].

•

Fluorinated gases (F-gases) - Industrial processes,
refrigeration, and the use of a variety of consumer
products contribute to emissions of F-gases, which include
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hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), and
sulfur hexafluoride (SF6) [5].

Figure 3. 2008 Global CO2 Emissions from Fossil Fuel
Combustion and some Industrial Processes (million metric
tons of CO2) Source: National CO2 Emissions from FossilFuel Burning, Cement Manufacture, and Gas Flaring:
1751-2008
Figure.2 Global Emissions by Gas Source: IPCC (2007);
based on global emissions from 2004[14]
Global Emissions by Country
Figure 3, represents the data provided by Houghton 2008.
In 2008, those responsible for the highest CO2 emissions
were China, the United States, the European Union, India,
the Russian Federation, Japan, and Canada [1,4,14]. This data
include CO2 emissions from fossil fuel combustion, as well as
cement manufacturing and gas flaring. Figure 3 shows that
fossil fuel combustion and cement manufacturing, represent a
large proportion of total global CO2 emissions [5].
Emissions and sinks related to changes in land use are also
not included in estimates in figure 3. However, changes in
land use can be great important - global estimates indicate
that deforestation can account for 5 billion metric tons of
CO2 emissions, or about 16% of emissions from fossil fuel
sources[8]. Tropical deforestation in Africa, Asia, and South
America are thought to be the largest contributors to
emissions from land-use change globally. [6] In regions such as
the United States and Europe, changes in land use associated
with human activities have the net effect of absorbing CO2,
partially counterbalancing the emissions from deforestation in
other regions [4, 14, 16].

Buildings and Climate Change
It is estimated that at present, buildings contribute as much
as 1/3 of total global greenhouse gas emissions, primarily
through the use of fossil fuels during their operational phase.
U.S. buildings alone are responsible for more CO emissions
2
annually than those of any other country except China [17].
According to United States Green Building Council (USGBC),
buildings of the commercial and residential sector account for
44.6% of carbon dioxide (CO ) emissions in the United States
2
per year, more than any other sector (figure 4) [19]. Most of these
emissions come from the combustion of fossil fuels to provide
heating, cooling and lighting, and to power appliances and
electrical equipment [11]. By transforming the built environment
to be more energy-efficient and climate-friendly, the building
sector can play a major role in reducing the threat of climate
change.

`

Figure 4: U.S. Carbon Dioxide Emissions by Sector
.
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Over the next 25 years, CO emissions from buildings are
2
projected to grow faster than any other sector, with emissions
from commercial buildings projected to grow the fastest—1.8%
a year through 2030[19]. When other CO emissions attributable
2
to buildings are considered, such as the emissions from the
manufacture and transport of building construction and
demolition materials and transportation associated with urban
sprawl, the result of the buildings foot print is an even greater
impact on the climate.
The most significant factor contributing to CO emissions from
2
buildings is their use of electricity. Commercial and residential
buildings are tremendous users of electricity, accounting for
more than 70% of electricity use in the U.S. [12] According to
USGBC, the building sector consumed 40 quadrillion Btus of
energy in 2005 at a cost of over $300 billion. And energy use
in the sector is projected to increase to 50 quadrillion Btus at
a cost of $430 billion by the year 2025[12]. The energy impact of
buildings is likely to be even greater when taking into account
other energy use attributable to buildings. For example, the
energy embodied in a single building’s envelope equals 8-10
times the annual energy used to heat and cool the building[18,19].
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In the U.S, buildings have a lifespan of 50-100 years during
which they continually consume energy and produce CO
2
emissions. If half of new commercial buildings were built to use
50% less energy, it would save over 6 million metric tons of CO
2
annually for the life of the buildings—the equivalent of taking
more than 1 million cars off the road every year[12].
USGBC estimates that 15 million new buildings are
projected to be constructed by 2015
According to USGBC, the U.S. population and economy are
projected to grow significantly over the coming decades,
increasing the need for new buildings and to meet this demand,
approximately 15 million new buildings are predicted to be
constructed by 2015[12]. If no significant improvements in
environmental performance achieved, the building sector will
be a major contributor to increasing global CO2 emissions.

challenge will require dramatic advances in technologies and a
shift in how the world economy generates and uses energy [12,
17,19].
. Building green is one of the best strategies for meeting
the challenge of climate change because the technology to
make substantial reductions in energy and CO2 emissions
already exists[12].. Energy efficient construction for new buildings,
and renovation of existing buildings, can reduce the 40-50% of
energy used for space and water heating in buildings. If current
inefficient building practices continue, buildings could account for
70% of CO2 emissions by 2050[16,19]
Leadership in Energy & Environmental Design (LEED)
The United States Green Building Council’s (USGBC) Leadership
in Energy & Environmental Design (LEED), is the most widely
recognized and widely used green building rating program
across the globe[12].. LEED is certifying 1.5 million square feet
of building space each day in 135 countries[12]. .The average
LEED certified building uses 32% less electricity and saves 350
metric tons of CO2 emissions annually[13]. Modest investments
in energy-saving and other climate-friendly technologies can
yield buildings and communities that are environmentally
responsible, profitable and healthier places to live and work,
and that contribute to reducing CO2 emissions[12]..
According to USGBC, Green buildings provide ample
opportunities for saving energy and mitigating CO2
emissions
Building green can reduce CO2 emissions while improving the
bottom line through energy and other savings. Examples of
measures that can be taken to improve building performance
include [12].:
•

Incorporating the most efficient heating, ventilation
and air conditioning systems, along with operations
and maintenance of such systems to assure optimum
performance

•

Using state of the art lighting and optimizing daylighting

•

Using recycled content building and interior materials

While there are extensive arguments about what we can
do to mitigate the damage we are causing, it is becoming
increasingly clear that a large part of our resources will have
to be directed towards adapting to new climatic conditions,
with a dialogue of survivability replacing sustainability as the
new and most pressing priority. Construction Industry working
across other sectors may help to mitigate climate change,
promote adaptation, and improve public health.

•

Reducing potable water usage

•

Using renewable energy

•

Implementing proper construction waste management

•

Siting the building near public transportation • Using
locally produced building materials

Built Environment professionals can take to cut greenhouse
gas emissions in Buildings using Green building technologies
and methods

The USGBC has created a new infographic, “LEED in the
World,” which lists the current number of both registered
and certified LEED projects across the globe by gross square
meters in different regions, and ranks the top 10 countries for
green building see figures 5&6.

To address the threat of climate change, greenhouse gas
emissions must be slowed, stopped, and reversed. Meeting the

Infographic: LEED in the World
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Presently we emphasize that Green building design and
construction is related to mitigating (preventing or slowing) our
impact on climate change. But given the slow pace of climate
policy changes and still building on the 1970’s design principles,
we cannot stop greenhouse gas emissions on a dime, which
means we are looking at changes to the earth’s systems that
could radically alter our way of life. The implications are clear:
no amount of mitigation will prevent potentially devastating
impacts; it’s necessary for us to adapt. Human adaptation is
well documented therefore if we cannot mitigate we should
adopt. Adoption and mitigation should be complementing each
other for preparing climate change challenge. Collaboration is a
key, world Green building councils and other organization must
adopt international policies to promote energy efficient healthy
buildings. Looking ahead to the emerging challenges of climate
change and the transition to a low-carbon economy, care must
be taken to ensure that buildings are not only sustainable
but are also adaptable to a new global climate. However,
each new building constructed in an energy-wasting manner
potentially locks us into high climate-footprint buildings for

Figure.5 LEED in the world Source USGBC

[13]

decades (centuries) – action now is important. Regulations by
governments can help to inform and guide the built environment
professionals as to necessary changes in practice of design of
the green buildings.
Adaptive Strategies for Building Design
Building flexibility into design to allow for the unexpected
makes investment decisions robust to most possible changes
in climate conditions.
Mitigating strategies:
Design cooling-load-avoidance measures into buildings. For
both economic and environmental reasons, it makes a great
deal of sense to reduce our energy use for cooling. There are

Figure 6. Top ten countries with registered and certified
LEED projects as of April 2014
The numbers show the explosive growth of the green building
movement beyond North America, demonstrating the growing
global consensus about the worldwide imperative to green the
built environment [13].
Looking Ahead
Past efforts to address these emissions have had a mixed record
of success, although there are many examples that show that
carefully considered and properly funded policies can achieve
significant reductions. If the desired targets for greenhouse gas
emissions reduction are to be met, decision makers have to
tackle emissions from the building sector with more vigor than
they have to date.

three ways to do this: keeping heat out of buildings (reducing
cooling loads); expanding our comfort range (modifying work
attire and providing air circulation, for example); and getting rid
of heat once it gets in (heat rejection)—which can include both
passive and active means.
Design natural ventilation into buildings. Natural ventilation
systems rely on pressure differences to move fresh air through
buildings. Pressure differences can be caused by wind or
the buoyancy effect created by temperature differences or
differences in humidity. In either case, the amount of ventilation
will depend critically on the size and placement of openings in
the building [16].
Limit internal gains by specifying high-efficiency lighting
and equipment. Specify higher efficiency of lighting, office
equipment, appliances, and mechanical equipment that utilizes
both natural and electric sources as well as lighting controls
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can provide a comfortable yet visually interesting environment

issue that deserves a cursory resolution but one that merits

for the occupants of a space.

the denoument of mankind’s finest concerted efforts. Cities

Apply cooling and load avoiding strategies. The use of high
performance HVAC equipment can result in considerable energy,
emissions, and cost savings (10%-40%). Whole building design
coupled with an “extended comfort zone” can produce much
greater savings (40%-70%).
Use vegetation to increase energy efficiency. An energyconserving landscape utilizes trees, shrubs, groundcovers, and
vines to provide cooling summer shade as well as insulation
against heat loss in winter. It also serves aesthetic purposes.
Carefully designed landscaping can also help to channel cooling
breezes into buildings to improve natural ventilation.
Design and build to reduce heat islands in urban areas:
Densely developed urban areas are often 2 to 9 degrees
Fahrenheit warmer than they would be if left in an undeveloped
condition, a phenomenon known as “urban heat island effect”.
The extra heat comes from several sources: 1) paved areas
(which can account for 1/3 or more of a city’s land area) and
dark-colored rooftops absorb more sunlight and re-emit more
heat than would an area’s native soils and vegetation; 2) motor
vehicles, buildings and machinery produce waste heat that is
not quickly removed from the area; and 3) loss of vegetation
672

eliminates natural cooling from evapotranspiration and
shading.

can set energy-performance targets such as San Francisco’s
goal of 100 percent renewable energy by 2020. Sustainabile
development and energy goals as ambitious as San Francisco’s
should be lauded as a herald of a societal feat that matches
that of any great wonder of past civilizations. What praise
can be sung of the pyramids when the Earth faces a crisis of
such paramount magnitude that the possibility of wide-scale
disaster is ever looming? Don’t misunderstand or paraphrase
these words, this is not sensationalism or hyperbole, a threat
does not need to loom in our periphery for it to qualify as a
threat.
There will be, and are those, that will politicise this issue
to derail efforts to remedy climate change. Some follow
archaic schools of thoughts while others may be more
financially motivated, but rest assured, the efforts of
society to advance towards its evolutionary benefit will
not go unmarred. We need confidence, in all fields, to lead
brazened and united efforts to counteract climate change
as positively as we can to reach beneficial solutions that
will serve society best. There are few things we as humans
can agree upon, but preservation and self-betterment seem
to be universal, so why not add this discipline towards an
issue of such prevalance. We all must open our minds and
seek out new solutions, even in the face of adversity, for

Conclusions:

resistance will always inspire.

Now more than ever, society is accepting that climate change

As I stated at the beginning, a changing climate presents a

is an actual persistent issue. World leaders are confronting

challenge to architects, engineers, planners and constructers

the reality we face: It is estimated that the global population

in the built environment. In order to be better prepared to

will reach 9 billion by 2050, and we need our resources to

handle this challenge, built environment professionals need to

balance and stay within our finite and decreasing carbon

be educated and trained on how to incorporate strategies that

budget. Since buildings are one of the largest sources of

consider future climate change within a region. We must plan,

Greenhouse emission, designers and builders are embracing

design and construct buildings with less of a carbon foot print,

constructive constraints. Limits inspire innovation in design to

healthy for occupants and the environmentally sound. I’d like

achieve net-zero green building solutions. While government

to end with the quote of a man who faced great adversity in his

action and leadership are essential to reaching a net-zero

lifetime, we should let these words serve as a reminder in our

carbon world, we already have seen how innovation driven by

efforts, “if there is no struggle, there is no progress” (Frederick

design —from solar and wind-harnessing power solutions to

Douglas, 1857).

radically efficient buildings — can inspire and lead towards
expanding horizons of sustainabile practices. It strives to
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