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To understand associations between sustainability 
and energy issues in the built environments and to 
find effective strategies for energy saving in built en-
vironments, this chapter aims to examine the urban 
dilemma, energy demand and carbon emissions of 
buildings as well as the attributes of buildings.

3.1. Definiton and Measurement of 
Sustainability
The catchword or the keyword “sustainability”, particularly 
used by politicians and professionals, has become an 
integral part of the life cycle since humanity has assumed 
its fate. Despite the long time since it was understood, 
it has not been defined in a manner it deserved. The 
definiton of sustainability is an issue that will determine 
the decision about the next millennium (Krishan, 2002).

Sustainability can be interpreted in many legitimate 
aspects such as environmental sustainability, economic 
sustainability or social sustainability. There isn’t a general 
agreement on precise definitions within these different 
aspects. For instance, environmental sustainability may be 
interpreted in terms of preserving ecosystems, reducing 
CO2 emissions or reducing the use of non-renewable 
natural resources. Engineers, architects or industrial 
designers still have the task of developing new tech-
nologies and consumer goods to address the technical 

problems such as shelter and food, health, comfort or 
economic benefits that arise in the quest for a solution 
to the growing world population. Sustainability is thou-
ght to be essentially practical rather than a theoretical 
science. Many different disciplines should be brought 
together in the context of sustainability. Therefore there 
is a need for collaborative strategies (Robinson, 2004, 
Holden, Elverum, Nesbit, Robison, Yen and Moore, 2008, 
Itard and van den Bogaard, 2010).

Within the framework of 3-P approach (Figure 3.1), 
sustainability has the role of protecting and maximi-
zing the benefit of the 3Ps, which is also called the 
triple bottom line. 3P is used for “People, Planet, Profit” 
(Elkington, 1997). 
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Figure 3.1. The triple bottom line or the three P’s 
(New Leaf Sustainability Consulting, 2019)

3. SUSTAINABILITY AND ENERGY ISSUE 
IN BUILT ENVIRONMENTS, ENERGY 
DEMAND AND CARBON EMISSIONS OF 
BUILDINGS
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3.1.1.Ecological footprint
The simplest way to define an ecological footprint 
would be to name the impact of human activities 
measured as a biologically productive land and wa-
ter area required to produce consumed goods and 
to assimilate the generated waste. To put it simply, 
ecological footprint is the amount of environment 
necessary to produce services and goods necessary 
to support a particular lifestyle (Ecological Footprint, 
2019). The ecological footprint converts all consump-
tion into the land used in production, along with the 
theoretical land needed to sequester the greenhouse 
gases produced. Consumed goods and activities are 
taken into account when calculating the ecological 
footprint. In this way an idea can be reached about 
the sustainability of the society in different scales (lo-
cal, national and international) (Sustainable Footprint, 
2019). Human habitat, the physical manifestation of 
the socio-economic ecological context, is the largest 
consumer and energy producer in terms of ecological 
footprint. To obtain an optimum ecological footprint, 
different parameters such as those in Figure 3.2 can 
be optimized.

Parameters Methods

Reduction in 
Energy Input

Through climate responsive design (The 
systemic strategy of climate responsive 
design is the first priority level and is 
critical)

Appropriate technology (Participatory 
and intelligent use with active 
environmental control, and daylight 
optimization) 

Optimization of embodied energy 
through value engineering and lifecycle 
costing.

Lowering 
Environmental 
Impact 

Maximize landscape integration, 
optimize land use, recycle rainwater 

Avoid toxic substances 

Minimize C02, CFC, and other 
environmentally decreasing emissions

It is impossible to address all relevant environmental, 
economic, and social perspectives. “Sustainable deve-
lopment is the development that meets the present 
needs without compromising the ability of future 
generations to meet their own needs” according to 
Brundtland Report (Brundtland, 1987). When it comes 
to defining ecological sustainability itself, Brundtland’s 
definition is not very practical because it has no spe-
cificity (Itard and van den Bogaard, 2010). 

The problem of defining sustainability is closely related 
to the problem of measuring it. The four ways to mea-
sure sustainability and its drawbacks and advantages 
are given below (Itard and van den Bogaard, 2010):
• Using quantities of materials and energy used,
• Using simple indicators based on the three step 

strategy such as materials with low environmental 
impact, materials with high environmental impa-
ct, recoverability, renewability, downcyclability, 
recyclability, and dismantleability of materials and 
components used (Hendriks, 2001, Duijvestein, 1997, 
Rovers, 2005, Brouwers and Entrop, 2005),

• Using the environmental footprint of materials and 
processes (Wackernagel and Rees, 1996),

• The use of environmental impacts in the context of 
life cycle assessment (LCA) methodology (ISO, 1996 
& 2006).

According to recent research in the world, efforts to 
reduce energy consumption alone are unlikely to lead 
to more responsive environments or improve quality of 
life. Therefore, more comprehensive methods should be 
sought to evaluate and monitor the change and trans-
formation in built environments to achieve sustainable 
environments. Whether focusing on energy consump-
tion or on wider sustainability issues, most assessment 
methods are building-related or household-oriented. 
Therefore, although these methods systematically exa-
mine separate spatial and social entities, they neglect the 
spaces between the holistic dimension and the social 
dimension (Verovsek, Juvancic and Zupancic, 2018). In this 
context, the footprint is a measure for sustainability, and 
a simple measure of the sustainability of a population’s 
consumption was introduced as the ecological footprint 
by Wackernagel and Rees (Wackernagel and Rees,1996).
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Lowering 
Waste 
Production

Increase the recyclability of elements 
and materials in buildings, use of 
recycled materials 

Recycle waste as alternative material/
source for water, energy, etc. 

Maximizing 
Use of 
Renewable 
Energy 

Maximize solar usage with passive 
(building design), solar thermal tools, 
active PY integration. 

Maximize alternative energy sources 
such as cogeneration, wind, minihydro, 
biomass etc. 

Figure 3.2. Parameters to optimise ecological 
footprint in buildings (Krishan, 2002)

One of the major advantages of ecological footprint 
is that it is a very powerful communication tool and 
a good means of rehearsal for the use of natural re-
sources. Its major drawback is that it does not capture 
environmental impacts such as depletion of resources, 
toxicity or CO2 emissions. However, the collection of 
data, which required measuring the environmental 

footprint, needs an inventory of the Energy-Resource 
Flow Ecological Footprint materials, energy and pro-
duction processes used, as in a material flow analysis 
(Itard and van den Bogaard, 2010).

3.1.2. Energy-Resource Flow Ecological 
Footprint 
To derive the energy and carbon footprint of micro 
combined heat and power (MCHP) systems, from the 
environmental standpoint, mainly fossil and/or non-re-
newable energy demand and related carbon emissions 
ought to be considered (Dorer and Weber, 2009).

The energy-resource flow model developed and illust-
rated in Figure 3.3 shows the input-output relationships. 
Air, water, land are the main environmental resource 
inputs while materials (embodied energy) and fossil 
fuels (primary energy) are the main natural resource 
inputs. Outputs - emissions are the main source that 
changes the environmental context. This internal 
input-output relationship determines the ecological 
footprint of community, city or region / country, which 

Figure 3.3. The energy-resource flow ecological footprint model (Krishan, 2002)
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The proportion of urban population in the world 
is expected to increase from 55% (some 4.2 billion 
people) to 68% by 2050 in 2018, which means that 
the world urban population will almost double. By 
2100, 85% of the population will live in cities, and 
the urban population will increase from 1 billion to 
9 billion between 1950 and 2100. Some regions with 
urbanization rates in 2018 include: North America 
(82%), Latin America and the Caribbean (81%), Europe 
(74%) and Oceania (68%). While Asia has only 50% 
of urbanization, it is home to 54% of the world’s 
population. With 43% urbanization at the world 
level, Africa is at the same level as Europe, which 
represents 13% of the world’s urban population. 
The level of urbanization in Europe is expected to 
increase from 74% to 75% in 2020 and 83.7% in 2050 
today. The urban population is growing much faster 
in developing regions than in developed ones. Af-
rica is expected to be the fastest urbanization area. 
The urban population rate rises from 43.5% in 2020 
to 59% in 2050. Most of the 43 megacities with an 
estimated population of more than 10 million by 
2030 will be in the developing regions (Worldwide 
urban population growth, 2019). By 2025, China will 
have more than 220 cities with more than 1 million 
inhabitants and 8 megacities with more than 10 
million inhabitants. China’s 55% urbanization rate 
is expected to reach 60% compared to $ 6.8 trillion 
(Cheshmehzangi, 2016).

As the population grows, urbanization, of society 
which has an increasing impact on the environment, 
becomes inevitable, while the ecological footprint 
of cities is spreading (The University of Hong Kong, 
2019). Globally, resident areas grow faster than the 
population. While the population growth in BRICS 
was 30% in the 1990-2014 period, the construction 
area grew by 67%. In the OECD, rates are halved: 18% 
for the population and 32% for residential growth. 
Unless there are better urban policies, over the next 
20 years, the number of city dwellers may reach 5 
billion in the developing world (60% of the world’s 
population). Approximately 50% of the world’s in-
habitants live in settlements with less than 500,000 
inhabitants. By 2050, the number of inhabitants will 

are the ultimate determinant of sustainability. Although 
there is a direct intervention for reducing environmental 
and natural resource inputs, waste treatment - energy 
extraction, combined with “renewable energy” sys-
tems, ensures the recycling of energy and resources. 
Nevertheless, the habitat / building is at the center of 
this entire flow model (Krishan, 2002).

3.2. Sustainability and Energy Issue in Built 
Environments
The built environment is not only the largest industrial 
sector in economic terms, but also the largest in terms 
of resource flow (Lazarus, 2005). According to the U.S. 
Green Buildings Council, buildings account for 65% of 
U.S. electricity consumption, 36% of total U.S. primary 
energy use, and 30% of total U.S. greenhouse gas (GHG) 
emissions (Greenbuild International Conference and 
Expo, 2018). 

The European countries are in a similar situation to the 
U.S. Buildings in the European Union (EU) countries are 
responsible for 40% of EU energy consumption, and 
36% of EU CO2 emissions (Benefits of Green Buildings, 
2019). For this reason, the EU is pushing its 2020 targets 
for “more energy efficiency”. The energy performance 
of buildings is key to the EU Climate & Energy targets, 
namely for 20% reduction of greenhouse gas emissions 
by 2020 and 20% energy savings by 2020. Improving 
the energy performance of buildings is a cost-effective 
way to combat climate change and improve energy 
security, but also creates job opportunities, especially 
in the construction sector (EuropeanUnion, 2016).

3.2.1. Urban Dilemma in the Context of Built 
Environments
As more people occupy cities to live, some challenges 
become easier to overcome, but some challenges 
such as sustainability becomes harder to achieve. 
The rise of the number of metropolises from 3 in 
1901 to 23 in 1991 is a phenomenon that changes 
the urban context very quickly (Krishan, 2002). In 
terms of different sustainability perspectives, it is 
becoming more impossible to provide sustainable 
development, infrastructure, health, education and 
transportation services. 
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production capacity of the national, regional and 
local environment, promoting recycling, preventing 
harmful development, and eliminating the gap 
between the rich and the poor. Besides, it supports 
energy-efficient urban planning (Larijani, 2016). This 
theory is based on various scales using top-down 
and bottom-up methods. The relationship between 
these scales is presented in Figure 3.4.
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Figure 3.4. The use of top-down and bottom-
up method for sustainable urban development 

(Hamedani and Huber, 2012).

Sustainable growth for a sustainable world and sustai-
nable countries requires an evolution through activities 
such as the movement of people and goods, and 
in the manner the urban areas use the resources. In 
addition to social and economic processes, physical 
infrastructure must evolve to accept the challenges of 
growth. However, sustainable urban development refers 
to a process in which sustainability can be achieved, 
including both environmental and social dimensions, 
emphasizing improvement, progress and positive 
change. Sustainable urban development emphasizes 
the need to reform market mechanisms to achieve 
environmental objectives and to balance economic and 
social issues. Several themes common to all definitions 
of sustainable urban development have emerged in 
time, which are presented in the following (European 
Commission, 2019):

increase by 416 million in India, 255 million in China, 
and 189 million in Nigeria. One of the Goals of Sus-
tainable Development 11 “Make cities and human 
settlements inclusive, safe, flexible and sustainable” 
is: 20 By 2030, ensure that everyone has access to 
adequate, safe and affordable housing and basic 
services, and upgrade to slums”. The 10 objectives 
under this sustainable development goal (SDG) pro-
vide a framework for intensifying efforts to improve 
urban life for all (European Commission, 2019).

Reducing energy consumption and creating ener-
gy-efficient environments are the main objectives of 
many sustainability agendas followed by appropriate 
assessment methods in urban analytics. To date, the 
majority of assessment methods - whether it focuses 
on energy consumption or on wider sustainability 
issues - are building / household oriented, and they 
systematically examine separate spatial and social 
assets, ignoring the areas between them (linking inf-
rastructures and services, mobility, public space and 
urban design solutions, etc.) and holistic and social 
aspects. (Verovsek, Juvancic and Zupancic, 2018).

3.2.2. Sustainability and Energy Issue in Urban 
Planning
The original concept of sustainable development has 
been defined as the form of today’s development that 
will ensure the future continuous development of cities 
and urban communities. The theory of sustainable 
urban development is the result of environmental 
debate on environmental issues, and in particular 
the urban environment has been presented in the 
direction of “sustainable development theory” in 
order to support environmental resources. 

Sustainable urban development is necessary to mat-
ch environmental constraints and human activities 
associated with cities and design techniques within 
these constraints. In this theory, resources for current 
and future maintenance issues are increased through 
the conversion of waste into renewable resources and 
optimum use of land. A sustainable urban develop-
ment theory raises issues such as preventing urban 
and regional environmental pollution, reducing the 
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In the framework of the mentioned environmental, 
economic and social dimensions, Alqahtany et. al. (2014) 
proposed a model for sustainable urban planning de-
velopment with the main dimensions, categories and 
criteria, which is presented in Figure 3.5. 

The methodologies for impact assessment of the 

• A change growth quality.
• Conservation and minimization of non-renewable 

resources.
• Integrating economic decisions with the environ-

ment.
• Strong consideration of the needs of future gene-

rations.

Figure 3.5. A model for sustainable urban planning development with the main dimensions, categories and 
criteria (Alqahtany, Rezgui and Li, 2014)
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requirements (Erbaş, 2008). Therefore, in order to 
ensure energy efficiency, variables should be taken 
into consideration in energy efficient urban planning.

“Energy Efficiency in Settlements” is the most impor-
tant issue of the urban planning discipline (Sinmaz, 
2015). In other words, energy efficiency, defined as 
the efficient use of energy, should start with urban 
planning. Energy that is saved as a result of efficient 
use is the lowest cost energy and it is a means of 
more-efficient energy use by adopting certain habits, 
applying improvement methodology or using new 
technologies, without sacrificing production and 
quality and the standard of social life (Chamber of 
Electrical Engineers, 2005). In order to ensure energy 
efficiency, urban plans that are sensitive to environ-
mental problems, protect the ecological balance and 
fulfill the comfort and health requirements necessary 
for human life come to the forefront. 

Energy conservation, land conservation, water con-
servation, waste reduction and ensuring accessibility 
are the principles to be considered in energy efficient 
urban planning. These principles will contribute to 
energy efficient urban planning in terms of envi-
ronmental, economic, and social dimensions. In 
the energy efficient urban planning process, it is 
necessary to identify the qualified and livable natural 
environment in accordance with the strategies and 
methods for settlement plans and the principles of 
urban planning. Principles, strategies and methods 
of energy efficient urban planning proposed by 
Yıldırım et. al. are presented in Figure 3.6.

built environment were first developed and imple-
mented at the level of individual buildings and at the 
neighborhood level with well-known certification 
standards and tools today. These tools are often 
applied to planned structures and hypothetically 
take into account their entire life (from planning and 
construction to use, maintenance, renovation, and 
final demolition). With the expansion of urbanized 
areas, the focus of strategic planning and research 
has shifted to the scale of the neighborhood or 
local community. This creates a manageable yet 
diverse unit that can play a major role in achieving 
the sustainability and quality of life objectives at 
the urban scale (Verovsek, Juvancic, Zupancic, 2018). 

In the last decade, there are several frameworks 
for neighborhood sustainability assessment, which 
are developed worldwide and are the most widely 
known systems such as HOE2R (HQE High Quality 
Environmental standard), CASBEE-UD (Comprehensive 
Assessment System for Building Environment Efficien-
cy - Urban Development), BREEAM - Communities 
(Building Research Establishment’s Environmental 
Assessment Method - Communities), LEED-ND (Lea-
dership in Energy and Environment Design - Neigh-
borhood Development) etc. Due to the increasing 
energy demand in cities, the energy issue is one 
of the most important dimension of each of these 
neighbourhood sustainability assessment tools. 

Owing to the abovementioned increased energy 
needs in cities, studies on energy-city relationship in 
urban planning processes have gained importance. 
It is obvious that urban planning is not just about 
regulating and improving any physical space; urban 
development should be considered together with 
economic, communal, social, environmental and 
physical dimensions and it is necessary to evaluate 
their interactions with each other (Yazar, 2006). 

In urban planning, spatial structure is generated 
by variables such as site selection, land use, urban 
size, urban macro form, density, communication and 
transportation facilities. Any change in any of these 
variables has a significant impact on energy supply 
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Principles Strategies Methods 

Energy 
Conservation 

Reducing use of 
nonrenewable energy 
resources 

Site selection and execution for settlement areas according to the sun 
Reduction in energy consumption 
Integration of ernergy technologies to city, elimination of the deficiency 
of renewable energy systems (solar, wind, bioenergy, waste energy, water 
and geothermal) 
Promotion of architecture suitable to local climate and utilization of local 
building materials 

Generation and utilization 
of renewable energy 
resources 

Issuance and enforcement of the regulations of imple1nentation for 
renewable energy generation in settlements 
Creation of aids and incentives for utilization of renewable energy sources 
Arrangement of spatial areas containing renewable energy utilization
Development of social awareness and training on renewable energy
Provision of city lighting by means of renewable energy systems

Determination of policies 
and basic principles 
for compliance and 
preventive actions for 
climate change 

Legislating and enforcement of the law on climate change
Regulations for increase of energy efficiency and savings for controlling 
and mitigating greenhouse gas emissions

Preparation of di mate maps of settlements and keeping them updated

Reduction of pollution 

Balanced distribution, preservation and enhancement of green spaces 
within settlements
Connection of existing outdoor and green spaces to each other and to 
pasture area
Utilization of local vegetation suitable for climate
Development of urban forestry
Implementation of green wall and green roofing systems

Land 
Conservation 

Conservation of 
topographic structure of 
land

Provision of harmony between land usage and topographic structure

Conservation of habitat

Formation of inventory for natural resources 
Formation of a basis in spatial planning by use of natural resource values 
as data
Preservation and growth of agricultural areas

Development of energy 
efficient development 
form and structure when 
preparing settlement 
plans

Selection of right location for upper-scale decisions based on climatic 
properties
Mitigation of heat island impact
Minimization of infrastructure and superstructure problems arising from 
land

Water 
Conservation 

Increasing utilization 
efficiency of water 
resources 

Utilization of systems allowing efficient usage of water
Taking legal measures for efficient utilization and management of water 
resources and enforcement of the law on water management
Reduction in water consumption 
Having environmental planning utilizing water efficiently and requiring 
less maintenance
Renewal of sewage systems to prevent contamination of water resources

Reuse of waste water
Developing proper technologies for storing and recycling of water
Treatment and reuse of waste water
Collection of rain water and reusing in suitable areas
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Figure 3.7. Process of building design (Krishan, 2002)

From time to time, various ideas dominated architec-
tural thinking. However, the basic issue of energy - the 
ecological context - as an arrangement of sun, wind 
and light, was not a basic design paradigm. Therefore, 
the relationship between the established form and 
the ecology should be the driving force behind the 
process, based on a scientific methodology that leads 
to climatic responsive architecture (Krishan, 2002). In 
Figure 3.8 and Figure 3.9, demonstrate the climate 
responsive building design case studies, which would 
achieve energy efficiency, and energy saving systems.

3.2.3. Sustainability and Energy Issue in 
Building Design
The building sector is one of the key sectors for achie-
ving a sustainable society. In addition to the classical 
challenges faced by building planners during the 
design phase (architectural integration, cost, etc.), new 
constraints have recently emerged. In the European 
Union, around 36% of GHG emissions are generated by 
the built environment (European Commission, 2016). To 
improve the sustainability of the construction sector, 
many countries have implemented regulations not only 
on GHG emissions, but also on the amount of primary 
energy used in operation (European Commission, 2010, 
Vuarnoz et al., 2018). 

Outlining the criticality of planning and design of the 
habitat/building, wherein, climate-responsive building 
design and ecological planning become the determi-
nants of energy-resource flow and offer a powerful tool 
for optimisation (Krishan, 2002). This leads to defining 
a process of building design that is scientific and de-
veloped on an ecological basis. Process of building 
design is a complex exercise, involving interactive 
relationships between parameters of diverse nature 
and varying magnitude (Figure 3.7).

Waste 
Reduction 

Formation of waste and 
recycling systems

Promotions to local administrations for waste systems and recycling
Increasing public sector supervision in waste management
Sorting of wastes on site, use of recycling technologies

Designation of regular 
landfill areas and waste 
disposal facilities so as not 
to cause environmental 
population and waste of 
resources

Marking locations of such facilities on relevant plans

Ensuring 
Accessibilty 

Generation of 
environment-fiiendly 
urban transportation 
policies and plans

Drawing plans of transportation and land usage suitable for public 
transportation 
Developing the pedestrian/bicycle transportation systems and marking 
them in the physical plan
Developing energy-efficient transportation means and systems
Minilnization of private vehicle ownership

Preparation of 
environment-friendly and 
energy efficient urban 
plans

Establishing relationships between housing, working and required 
locations in such a way that they require minimum energy

Figure 3.6. An energy efficient urban planning approach (Yıldırım, Gültekin and Tanrıvermiş, 2016)
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Sustainable building design minimizes energy consump-
tion, the use of resources and environmental impacts 
of buildings, providing minimum operating costs for 
buildings. In this context, buildings are evaluated in the 
framework of international building certification systems 
that contribute to minimizing the environmental impa-
cts of buildings and guide designers and are certified 
according to sustainability classifications (Gültekin, 2018). 
The most widely accepted and widely used building 
certification systems in the world are Building Resear-
ch Establishment Environmental Assessment Method 
(BREEAM) and Leadership in Energy and Environmental 
Design (LEED). 

The aim of sustainable building design is to create a 
built environment that does not disrupt the ecological 
balance, minimizes the harmful impacts of buildings 
on the environment, uses resources economically, and 
provides the necessary conditions for human comfort 
and health (Gültekin and Yavaşbatmaz, 2013). It is seen 
that only the environmental aspects of sustainability 
are directly taken into account when talking about 
sustainable structure. However, in the design of susta-
inable buildings, the economic aspect that produces 
a positive long-term economic impact and the social 
aspect that improves the lives of people interacting with 
the buildings must be included in the design (Officine 
Green Building, 2017). 

Gultekin et al. classified the aspects, strategies, criteria, and 
procedures of sustainable building design considering 
the conceptual frameworks of different scientific studies 
and the LEED (LEED. U.S. Green Building Council, 2017) 
and BREEAM (BREEAM. Category Issues and Aims, 2019) 
evaluation criteria in terms of environmental, economic 
and social aspects. This classification is presented in 
Figure 3.10, Figure 3.11 and Figure 3.12. According to this 
classification, strategies of environmentally sustainable 
building design aspect are classified as “site efficiency, 
water efficiency, energy efficiency and material effi-
ciency”; strategies of economically sustainable building 
design aspect are classified as “resource efficiency and 
cost efficiency”; and strategies of socially sustainable 
building design are classified as “health and wellbeing 
and public awareness”.

Figure 3.8. Energy saving systems in climate 
responsive building design (Green, 2019)

Figure 3.9. Climate responsive building design 
systems diagram (Good Architecture, 2019)

The cost of energy and natural resources used by buildings 
in construction, use and demolition processes is quite 
high (Collins, 2008). For a more livable and economic 
future; Sustainable building design procedures have been 
developed around the world that use land efficiently, use 
energy efficiently, experience projects to reduce water 
consumption, and take into account material efficiency 
and indoor air quality when waste efficiency and envi-
ronmental issues are considered (Yıldırım, 2016). 
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CRITERIA PROCEDURES 
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Protection of Natural Habitats 
Preservation of existing natural resources
Preservation of existing flora and fauna
Disposal of wastes without harming the habitat

Protection of Natural 
Topography 

Construction of the building in compliance with topography
Preservation of water table
Disposal of wastes without harming the topography

Protection of Fertile Lands 

Prevention of misuse of agricultural lands
Reduction of erosion and industrial pollutants
Disuse of toxic pesticides
Improvement of agricultural lands lost due to misuse
Prevention of agricultural lands from being made available as settlement
Carrying off fertile lands of the construction site to green areas
Disposal of wastes without causing land pollution

Improvement of Urban Areas 

Selection of location according to urban density
Increase in green areas
Promotion of mixed-use urban development
Effective use of construction sites
Redevelopment of brownfields
Reclamation of abandoned mine lands
Rehabilitation of existing settlements and buildings

Improvement of Transpottation 
Systems 

Development of pedestrian/bicycle transportation systems
Extension of public transport network
Integration of building design with public transportation
Development of public transportation from regional parking lots to city 
centers
Improvement of rail transport systems in urban areas
Provision of human-powered public transportation
More common use of ciean fuels in transportation
More common use of vehicles with less fuel consumption
More common use of s1na11 traffic practices and systems
Rise of efficiency standards in vehicles
Creation of pedestrian ways, pockets, and lanes
Creation of parking systems and local parking lots

Mitigation of Heat Is land Effect 

Preservation of existing tree cover
Increase of forest areas
Selection of right vegetation for right places around buildings
Integration of green areas in building design
Application of green wall systems
Application of green roof systems
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Consumption 

Use of waterless toilets and urinals
Use of bio composting toilets
Use of small volume cisterns
Use of water-saving flushes
Use of low-flow fixtures
Use of timers and automatic control devices
Use of indigenous landscaping
Use of vegetation with less water need
Use of low-maintenance vegetation

Reuse of Waste Water
Treatment and reuse of greywater
Treatment and reuse of rainwater

Unpolluted Use of Water 
Resources 

Renovation of sewage systems to prevent contamination of water 
resources
Control of polluting elements in sewage and storage areas
Disposal of wastes without causing pollution in water resources
Reduction of toxic pesticides
Management of water resources systems
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Use of Passive Heating, 
Ventilating, and Air Conditioning 

Use of trombe walls for natural heating and air conditioning
Use of metal walls for natural heating and air conditioning
Use of double-skin façades for natural heating and air conditioning
Use of greenhouses for natural heating and air conditioning
Use of venturi chimneys for natural ventilating
Use of wind scoops for natural ventilating
Use of atriums for natural heating and air conditioning
Use of building shading devices for natural air conditioning
Use of labyrinth systems for natural heating, ventilating and air 
conditioning
Use of wind energy by cross ventilation method for natural ventilating
Use of effective insulation system
Selection of appropriate distance to other buildings compatible with local 
climatic conditions
Selection of appropriate position for building compatible with local 
climatic conditions
Selection of appropriate building form compatible with local climatic 
conditions
Use of appropriate colors on fa9ades compatible with local climatic 
conditions
Determination of building envelope surface compatible with local climatic 
conditions
Selection of appropriate location for building
Selection of right vegetation for right direction around buildings
Preservation of existing green areas
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Use of Active Heating, 
Ventilating, and Air Conditioning 

Use of photovoltaic panels for power generation
Use of solar collectors for water heating
Use of wind turbines for power generation
Use of water source heat pumps for power generation and water heating
Use of geothermal heat pumps for power generation and water heating
Use of energy efficient appliances and equipment with timing devices

Utilization of Daylighting

Use of light shelves
Use of solar tubes
Use of heliostats
Use of anidolic ceilings
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Reduction of Environmental 
Impacts

Use of local building materials
Use of natural building materials
Use of high-performance building materials
Use of long-lasting building materials
Use of durable building materials
Use of nontoxic and noncarcinogenic building materials
Use of antibacterial building materials
Use of low embodied energy building materials
Use of low Volatile Organic Compound (VOC) building materials
Use of building materials made from renewable sources
Use of building materials with less maintenance need
Use of building materials extracted without ecological damage
Use of certified wood materials
Use of environmental and health product declarations

Reduction of Wastes

Use of reusable building materials
Use of recyclable building materials
Use of reclaimed building materials
Use of recycled building materials
Use of non-conventional products as building materials
Rehabilitation and reuse of existing structures
Rehabilitation and reuse of existing infrastructures
Sorting, storage and disposal of wastes by waste management

Proper Sizing of Building and 
Systems

Design of sufficient sized interior spaces
Reduction of building envelope surface
Use of simple geometrical forms for building design
Utilization of flexible and modular building design
Utilization of standard building material sizes

Figure 3.10. Environmental aspect of sustainable building design (Gültekin, 2018)
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CRITERIA PROCEDURES 
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Conservation of Raw 
Materials 

Use of reusable building materials 
Use of recyclable building materials
Use of reclaimed building materials
Use of recycled building materials
Use of long-lasting building materials
Rehabilitation and reuse of existing structures and infrastructures
Development of new eco-innovative building materials
Optimization of supply chain
Optimization of material production techniques

Conservation of 
Nonrenewable Resources 

Increase of use of renewable energy resources 
Reduction of energy consumption in all life cycle stages of buildings
Use of energy saving electrical installation
Use of energy saving heating, ventilating and air conditioning installation
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Reduction of Initial Cost 

Use of local building materials to reduce transportation cost 
Use of recycled building materials
Use of reclaimed building materials
Reduction of transportation to and from the site
Utilization of flexible and modular building design
Use of standardized building components
Use of common and available building components
Safe and correct storage of building materials
Reduction of time for assembly of building materials on site
Selection of appropriate construction technologies for various building 
types
Selection of appropriate suppliers for building materials
Selection of right labor force for right positions

Reduction of Operating Cost 

Selection of long-lasting building materials and components 
Reduction of maintenance and repair cost
Reduction of regular cleaning cost
Selection of right location for heating, ventilating and air conditioning 
systems
Use of easy-to-use building automation and control systems

Reduction of Recovery Cost 

Consideration of recycling potential of building materials in design phase 
Consideration of reclaiming potential of building materials in design phase
Reuse of building materials or components
Consideration of ease of demolition of building in the design phase
Reuse of an existing building

Satisfaction of the 
Construction Sector Actors 

Improvement of productivity 
Increase of profitability
Development of lower cost projects by increasing cost estimation
Shortening the completion time of the project

Figure 3.11. Economic aspect of sustainable building design (Gültekin, 2018)
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CRITERIA PROCEDURES 
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Creation of Livable 
Environments 

Prevention of noise pollution

Prevention of visual pollution

Prevention of air pollution

Prevention of water pollution

Prevention of soil pollution

Provision of fire protection

Provision of resistance to natural hazards

Consideration of the accessibility of disabled users

Conservation of local heritage and culture

Creation of Appropriate 
Indoor Comfort Conditions

Provision of sufficient indoor air quality 

Provision of appropriate indoor humidity ratio

Provision of indoor visual comfort conditions 

Creation of visual connection with the outer environment

Provision of indoor thermal comfort conditions

Provision of indoor acoustical comfort conditions

Provision of operable windows

Provision of clean fresh air

Use of low Volatile Organic Compound (VOC) building materials

Prevention of electromagnetic pollution

Use of nontoxic and noncarcinogenic building materials

Use of antibacterial building materials
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Educating the Public

Organization of congresses and conventions on sustainable building 
design

Implementation of training programs about sustainable building design

Preparation of educational videos about sustainable building design

Organization of competitions on sustainable buildings

Efficient use of media about sustainable building design

Educating the public in pilot sustainable buildings

Development of Incentives 
and Policies

Provision of financial incentives such as tax and customs duty exemption

Improvement of cooperation between public and private organizations

Implementation of policies for efficient use of renewable energy 
technologies

Implementation of the decisions made in the international meetings on 
environment

Figure 3.12. Social aspect of sustainable building design (Gültekin, 2018)
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more than 80% carbon in many high-income countries 
from the 1990s to 2050. For the built environment, this 
presents a challenging challenge. Building operation 
accounts for about one-third of global final energy 
consumption, and half of this due to space heating, 
cooling and hot water (IEA, 2013).

Many governments have identified buildings as a 
key sector that can develop under rapidly changing 
conditions, as well as energy security and socioeco-
nomic development priorities, to contribute to the 
decline in energy demand and to help achieve GHG 
reduction policy objectives. Despite the 10% drop in 
natural gas prices, investments in buildings in OECD 
countries increased by 9% between 2014 and 2015, 
in addition to the introduction of energy efficiency 
policies that continued to increase in advanced 
building codes and standards (OECD/IEA, 2016). In 
the EU-27 countries, all new buildings should have 
‘nearly zero energy’ at the beginning of 2021, with the 
contribution of existing buildings considered to be 
crucial to achieving the EU target of 80–95% emission 
reduction by 2050 (European Commission, 2011). The 
most ambitious targets for reducing energy demand 
in the U.S. have been set at the state level; California, 
for example, aims to reduce energy consumption in 
existing homes by 40% by 2020 (California Air Re-
sources Board, 2008; Hamilton et al., 2017).

3.3.1. Energy Demand of Buildings
The energy demand in a building is due to various 
needs such as household lighting, heating and 
cooling, appliances,ventilation and domestic water. 
The quantity of final energy is considered in order 
to take in account the overall system efficiency of 
the different building’s technical system. The final 
energy consumption of a building depends on its 
physical properties, usage and location. Consump-
tion patterns change over the life of a building due 
to deterioration, renovation, refurbishment, climate 
and change of use, etc. (Vuarnoz et al., 2018). 

To meet the energy demand of buildings, advanced 
renewable energy systems can provide long-term 
benefits to society, in other words,sustainability. 

3.3. Energy Demand and Carbon Emissions 
of the Buildings
Construction is one of the main activities in which 
people influence resources and the environment. 
Construction accounts for approximately 40% of 
the total natural resources used by people and 40% 
of the total energy, and construction waste also 
accounts for 40% of the total waste generated by 
human activities. Therefore, sustainable structures 
(material production, planning, design, construction, 
operation, maintenance and disposal) designed to 
conserve resources and reduce environmental im-
pacts throughout their lives have become a major 
concern. (Gong, Nie, Wang, Cui, Gao and Zuo, 2012).

The domestic built environment is responsible for 
a significant and ever-increasing portion (15-20%) 
of total energy-induced greenhouse gas emissions 
in the Western Europe. (Biesiot, W. and Noorman 
K.J., 1999). As a matter of fact, it was observed that 
emissions from buildings in the UK accounted for 
19% of the UK Greenhouse Gas in 2016, increasing for 
the second year, and progress in reducing emissions 
from homes between 2008 and 2012 has come to a 
halt. Consequently, in an effort to avoid harsh clima-
te change, defined as “do not allow global average 
warming of more than 2 °C above pre-climatic con-
ditions” (Peter et al., 2013), recent developments in EU 
environmental policies aim to significantly increase 
energy efficiency in the local built environment. In the 
“Energy Roadmap 2050”, the European Commission 
aims to reduce household-oriented and office-related 
emissions by approximately 90% by 2050 (as oppo-
sed to 1990 levels). According to the International 
Energy Agency, the largest energy use in buildings 
is for heating and cooling (37% of total energy use) 
and improvements “are not on track to meet global 
climate commitments”. Evidently, there is a need for 
renewed strategies designed to reorganize progress 
in decarbonization of the local built environment 
(Hafner, Elmes, Read, 2019)

Recently, the Paris Accord has created a global fra-
mework to reduce global emissions to a level that 
limits heating to 1.5 °C, which means a reduction of 



37Energy E� icient Solutions For Built Environments

enhances the environmental impact of that energy. 
This is because additional elements, each with its 
own embodied energy and losses, are added to the 
building energy system. Storage can be both carbon 
and cost-based. That is, low carbon energy can be 
obtained from the renewable system or grid when 
the relevant carbon content is low. The potential 
for substituting stored low-carbon high-carbon 
electricity from the grid may now be attractive, but 
will become less interesting in a largely renewable 
future. On the other hand, a renewable energy-based 
grid will require much more storage space than the 
existing one and will increase storage attractiveness 
(Vuarnoz et al., 2018).

3.3.2. Carbon Emissions of Buildings
The global climate system is particularly affected 
by GHG emissions from human development, such 
as urbanization activities (Prato, 2008). It is widely 
accepted that urban areas play a significant role in 
changing the global carbon cycle (Potere and Sch-
neider, 2007). Accurate analysis of the urban carbon 
cycle and its interaction with regional and global 
ecosystems is crucial for predicting climate chan-
ge and atmospheric CO2 concentrations. However, 
recent studies have focused on the carbon fluxes 
of different land types such as forest, grassland and 
cropland, neglecting urban areas (Torssell et al., 2007, 
Chakraborty et al., 2006). As one of the main elements 
of built environments, buildings in urban areas con-
sume natural resources including energy, minerals 
and water, and release many kinds of pollutants or 
wastes back to the global and regional ecosystems. 
These inputs and outputs result in air pollution and 
huge amount of CO2 emissions. Therefore, reducing 
GHG emissions is one of the greatest challenges of 
this century (Ritchie and Roser, 2017). Carbon dioxide 
(CO2) makes up the vast majority of GHG emissions 
(United States Environmental Protection Agency, 
2017). Global warming caused by GHG, especially CO2

emissions, continuously pose a threat to the existence 
of human and ecological environment and caused 
a series of global concerns in the last century, such 
as rising sea levels, crop failures, desertification, and 
pest proliferation (Yujie Lu, Peng Cui, Dezhi Li, 2016). 

Advanced renewable energy systems contain energy 
carriers, onsite renewable systems, and energy storage 
technologies (Turner, J., 2001)

Energy carriers: In addition to on-site renewable 
systems, different energy carriers such as gas, oil, 
heat, electricity, biomass, district heating or cooling 
are available for the building’s energy consumption. 
Apart from electricity, they can often be characte-
rized by time-independent conversion factors (CFs). 
Grids are usual in buildings as energy supply. So far, 
it is not possible to monitor the carbon footprint of 
electricity from the grid in real time. LCA databases 
usually contain the average annual conversion factors 
of the electrical mixture (Frischknecht et al., 2005; 
KBOB et al., 2014). Recently, several studies have been 
published that calculate the CO2 equivalent (CO2-eq) 
content of electricity in an hourly step, based on his-
torical data from France (Roux et al., 2016), Belgium 
(Messagie et al., 2014), Sweden (Kristinsdóttir, Stoll, 
Nilsson, & Brandt, 2013) and Switzerland (Vuarnoz & 
Jusselme, 2018).

Onsite renewable system: Mainly limited by the loca-
tion and environment of a building, onsite renewable 
systems include wind, hydropower, solar energy, 
solar photovoltaic (PV), biofuels, etc. The renewable 
source of a heat pump is not necessarily considered 
when the modeling and performance assessment 
framework is used for a certification procedure (SIA 
Bulletin 2040, 2017). The conversion factors of the 
energy supplied by a system are calculated as the 
proportion of the embodied concern value (e.g. GHG 
emissions when determining CFGHG) to the amount 
of energy produced over its entire lifetime (Vuarnoz 
et al., 2018).

Storage technologies: Storage in a building ener-
gy system is not mandatory, but it can increase the 
benefits of renewable energies by providing better 
returns from resource investments. The practical 
application of energy storage in buildings is currently 
constrained with electricity and heat (Del Pero et al., 
2018). The potential benefits of using energy storage 
are primarily economic or energy related, but storage 
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Figure 3.13. Building sector related CO2 emissions 
(Melton, 2018) 

The launching of the Kyoto Protocol has led to a 
number of studies aimed at evaluating CO2 emissions 
from buildings (Chau and Leung, 2015). Building sector 
has the greatest potential of CO2 emission reduction 
at a relative low expense compared to other sectors, 
reaching 5.3–6.7 Gt CO2 per year (IPCC, 2007). This 
makes the studies on reduction of CO2 emission from 
buildings be a hotspot for policy makers, scientists, 
and publics. In this context, reducing CO2 emissions 
of a building throughout its life cycle has become a 
major concern in recent years (Gong and Nie, 2012). 
Although many studies have explored the various pha-
ses of the building’s life cycle, most studies have paid 
special attention to energy savings. Only few studies 
examined the CO2 emissions of buildings throughout 
their entire life cycle. The life cycle of a building can be 
divided into five stages chronologically. For determining 
CO2 emissions of a building or a building material, the 
whole life cycle of this building or material has to be 
considered in terms of various features:

Extraction of raw materials and production of buil-
ding materials: There is an intensive input of material 
and energy in this phase. Therefore, CO2 emissions 
mainly arise from energy consumption emissions and 
industrial process emissions. These emissions result 
from primary energy and electricity consumption 

In this context, many countries have set long-term 
CO2 emission reduction goals (IPCC, 2007) for various 
sectors. 

The building sector is projected to contribute more 
than 31% of CO2 emissions to total global emissions 
by 2020 and 52% by 2050 (I.P.C.C. 2011). In EU member 
nations, the building sector contributes to almost 50% 
of the carbon emissions emitted in the atmosphere 
throughout their lifecycle (A. Dimoudi, 2008). In Aust-
ralia, around one quarter (23%) of total GHG emissions 
are the result of energy demand from the building 
sector. (W.K. Biswas, 2014). In the U.S., construction 
activities account for 40% of the carbon emissions of 
non-transport mobile resources (P. Truitt, 2009) and 
emissions from construction equipment and plants 
account for more than 50% of most types of emissi-
ons (A.A. Guggemos, A. Horvath, 2006). In the United 
Kingdom, construction-related activities account for 
about 47% of total CO2 emissions (BIS, 2010), and they 
emitted 42.6 Mega tonnes of CO2e (MtCO2e) in 2011, 
among which approximately 10 MtCO2e is associated 
with construction operational activities and 22 MtCO2e 
is attributed to material production (J. Giesekam, J. 
Barrett, P. Taylor, A. Owen, 2014). In Korea, carbon 
emissions in the building sector comprise 23% of the 
country’s total emissions (R.K. TRoK, 2011). Parallel to 
the mentioned ratios, countries have made some 
commitments to cut domestic CO2 emissions. One 
of these commitments is the Kyoto Protocol, which 
sets compulsory goals for 37 industrialized countries 
and European communities to reduce GHG emissions 
by 5% until the 1990s. 

If the ways the embodied carbon is processed doesn’t 
change in the building sector, the emissions from 
newly built buildings between 2015-2050 is predicted 
to account for 90%. The proportions of building sector 
related CO2 emissions are presented in Figure 3.13.
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2018). The main energy and sustainability goal is the 
energy efficiency to reduce the energy consumption 
and GHG emissions in buildings. In line with this goal, 
significant initiatives have been started to improve the 
energy performance of existing and new buildings. In 
the U.S., The US Department of Energy (DOE) Building 
Technologies Office has set goals to reduce the energy 
use intensity (EUI) of buildings almost 30% by 2030 
and by 50% in the long term (Hong et al., 2018). Besi-
des, in Europe, EU European Parliament and Council 
published Energy Performance of Buildings Directive 
(EPBD) in 2002 (European Commission, 2010, 2002). 
It was aimed to build a common methodology and 
standards for the evaluation of the building energy 
performance in this directive. In 2010, the directive 
was revised to start the applications for “zero-energy 
building” concept (EU, 2010).

In the context of the mentioned initiatives and the 
others, mitigating climate change by transforming to a 
low carbon built environment pose pressing challenges 
for policymakers. In this case, it is more important to 
address decreasing the energy demand, which addresses 
all of the impacts, rather than focusing on one specific 
environmental impact. Reducing energy demand in 
buildings is considered an important component of 
GHG reduction strategies. As governments turn to lar-
ge-scale sectoral interventions, more tangible research 
and evidence are needed to support the development, 
implementation and ongoing assessment of energy 
demand policy. The transition to a low carbon built 
environment will require both a more efficient deli-
very of energy services, a step change in the energy 
performance of buildings and an aggressive decarbo-
nisation of the energy used. However, in national and 
regional environments, precondition data for building 
stocks needed to support this significant change in the 
energy performance of buildings is often not available, 
inaccessible or incomplete (e.g. energy meter data, 
physical building information, occupant details, etc.) 
(Hamilton, Summerfield, Oreszczyn, Ruyssevelt, 2017).

Policies focusing on energy demand in buildings are 
being developed in a complex, multi-purpose and 
interactive environment that is related with climate 

over the life cycle of all materials, including the raw 
materials extraction, transportation and production 
(You and Hu, 2011). 

Building construction or renovation: In this phase, 
great amounts of building materials and energy are 
consumed in a short time to have a building constructed 
or renovated. Some construction wastes are generated 
and transported to landfills. These processes result in 
large amounts of CO2 emissions (You, F. Hu, D., 2011).

Building operation: The intensity of materials inputs 
and outputs are relatively low in this phase so that the 
CO2 emissions mainly come from energy consumption 
(You, F. Hu, D., 2011).

Building demolition: When buildings are out of use, 
manual or mechanical equipment is used for building 
demolition. While wastes from demolition are recycled, 
most of the construction waste is transported to the 
landfill. Therefore, CO2 emissions are mainly due to 
energy consumption in this phase (You and Hu, 2011).

Wastes treatment and disposal: Most building waste 
is collected from landfills. Some are biodegradable, 
producing CO2 from fugitive emissions. Others are 
non-degradable, occupying the land for at least 10 
years and causing land footprint emissions. Given the 
recycling of waste, most building waste is not used 
in a building system, which means that the reduction 
of CO2 emissions by recycling is relatively limited. CO2

emissions at this stage are determined by energy 
consumption, leakage emissions of building wastes, 
land footprint emissions and carbon recycling through 
waste recycling (You and Hu, 2011).

3.3.3. Reduction of Energy Demand and 
Carbon Emissions in Buildings
Today, buildings account for a large proportion of 
total energy consumption in the world. Based on 
the energy consumption statistics of an International 
Energy Agency report, buildings account for approxi-
mately 30-35% of the world’s total energy consump-
tion (during construction and operation) and 40% 
of total CO2 emissions (International Energy Agency, 
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2008). However, the current empirical evidence base 
in understanding the energy demand of buildings 
remains disproportionate with the need to support 
the robust implementation and evaluation of these 
policy measures or propose other initiatives (Geller 
et al., 2016; Hamilton, Summerfield, Oreszczyn and 
Ruyssevelt, 2017).

The energy and building research community faces an 
extraordinary challenge that requires a simultaneous 
transformation in the culture and implementation of 
energy and building research (Summerfield and Lowe, 
2012). It involves going beyond research questions that 
address only the technical aspects of energy demand, 
and moving it to multidisciplinary studies aimed at 
solving the dynamic and interrelated effects of occu-
pational behavior and the technical, social, lifestyle, 
economic and environmental factors that affect energy 
demand (Attari et al., 2010, Dietz, 2010, Wilhite et al., 
2000, Sorrell, 2007). Instead, the dominant approach 
to most energy demand research is characterized by 
small-scale studies and fragmented discipline-specific 
methods that have difficulty in identifying events 
and undesirable consequences of interventions in 
a complex small-tier system (Pérez-Lombard, 2008). 
This led to a lack of clarity in terms of the basic theo-
retical constraints on the validity and applicability of 
estimates from building energy models (Galvin and 
Sunikka-Blank, 2016). As a result, the interpretation 
of research findings suffers in terms of its scope and 
generalisability in providing clear guidance for policy 
makers and industry (Summerfield and Lowe, 2012). 
Regardless of being national, sub-sector, or popula-
tion-oriented, predictive models require robust data 
to define the ‘basis’ of energy and service demand; 
otherwise, they are at risk of applying future tech-
nologies to poorly defined socio-technical contexts 
(Hamilton, Summerfield, Oreszczyn, Ruyssevelt, 2017).

Considering the goal of reducing emissions, measures 
that promote the use of renewable energy can be as 
effective as energy efficiency measures, therefore, it is 
important to determine the optimal balance between 
the minimization of energy demand and the use of 
renewable energy (Almeida, Ferreira, 2018).

change, prices and affordability, energy supply, market 
regulations and health and welfare issues. However, to 
date, energy policy has not been sufficiently recognized 
or has failed to respond to this complexity. This meant 
that policies could not or did not adequately address 
many of these complex, socio-technical challenges in a 
timely manner. The return of the UK’s building structure 
goals may be an example of this problem to support 
the now defunct zero carbon structure target (Marc-
hand et al., 2015). This failure is seen in the mismatch 
of nationally defined contributions to the Paris Climate 
Agreement and in the mismatch of actions required 
to prevent 2°C global warming (UNEP, 2016). Energy 
and building policy focuses on the population scale, 
but current research is largely carried out at the level 
of individual units (eg buildings, people, households) 
and from a small-scale, single-discipline perspective. 
Beyond policies, building sector and technology ma-
nufacturers create products that focus on populations 
(e.g. national building stock, building typologies, ci-
ties). While these industries rely on population data to 
understand their markets, technology is conducting 
field trials to determine product potential. The limited 
availability of the detailed empirical data on energy 
demand of buildings makes it difficult to compre-
hend the potential of the market and the impact of 
commonly used technologies. This means that deep 
insights into the problems around energy demand in 
buildings, their existence and continuity within the 
population are severely limited; this also undermines 
effective policy, product development and spread. As 
national sustainable development and decarbonization 
plans evolve, government, research and commercial 
organizations will need better experimental data to 
support intervention programs, support modeling 
exercises and evaluate past practices and predict 
future predictions (Hamilton, Summerfield, Oreszczyn 
and Ruyssevelt, 2017).

The results of the low-carbon conversion of building 
stock, the scale of the decline in the proposed energy 
demand, the extent of the change in different buil-
ding sub-sectors, and the urgency needed to achieve 
robust results have gained increasing acceptance 
(Summerfield and Lowe, 2012; Lowe and Oreszczyn, 
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Energy epidemiology offers a comprehensive approach 
to all relevant disciplines. Findings from large-scale studies 
provide a context for traditional small-scale studies and 
inform energy policy for input of predictive models (Fi-
gure 3.14). This approach can be used to investigate and 
identify energy demand mechanisms and determinants of 
conditions leading to different levels of demand. Energy 
demand in buildings, such as obesity, can be defined 
across a spectrum that includes a set of interactive factors 
that produce a defined and measured result.

Buildings are experiencing time-dependent changes 
in energy demand and this demand is met by energy 
supply, which can also show time-dependent life cycle 
burdens. As a result, performance assessments of the 
operational phase of buildings, which have so far been 
generally based on average annual conversion factors, 
do not allow the development of dynamic strategies 
for primary energy optimization or reduction of GHG 
emissions (Vuarnoz et al., 2018).
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