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Review of the Impact of Weather Parameters Influenced
by Climate Change on Household Heating and Cooling
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Abstract

The growth of urban population as the result of economic and industrial development has changed
our place of living from a prosperous place to where the resources are carelessly consumed. On the
other hand, long-term climate change, i.e. global warming, has had adverse impact on our resources.
Certain resources are on the verge of depletion as the consequence of climate change and
inconsiderate consumption of resources, unless serious measures are implemented immediately. The
building sector, whose share in the municipal energy consumption is considerably high, is a key player
that may successfully solve the problem. This paper aims to study the effects of climate change on the
energy consumption of buildings and analyze its magnitude to increase the awareness of how
construction can reduce the overall global energy consumption. A descriptive-analytical method has
been applied to analyze valid models of energy consumption according to different scenarios and to
interpret the conditions underlying current and future energy consumption of buildings. The results
clearly show that the energy consumption in the building sector increasingly depends on the cooling
demand. With that being said, we can expect the reduction of overall energy consumption of buildings
in regions with high heating demands, whereas rising the energy consumption in buildings is expected
in regions with high cooling demand. To conclude, the long-term climate change (e.g. global warming)
underlies the increased energy consumption for the cooling demand whose share in total energy
consumption of buildings much outweighs the heating demand. Therefore, to conserve our resources,
urban energy planning and management should focus on working up a proper framework of guidelines
on how to mitigate the cooling loads in the energy consumption patterns of buildings.
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1. Introduction

Although it is a widely accepted thesis that changes in the climate can have serious
impacts on the energy demand, the majority of studies tend to focus on how the energy
sector brings about the climate change. In response, a growing number of studies have
started to evaluate the reverse impact of climate change on the energy sector [1-3]. Despite
the widespread belief of the scientists that climate change primarily affects energy
consumption levels, it might not be the entire truth. At present, the energy consumption
of buildings has been reported to account for 67% of the energy demand worldwide [4].
This has eventually attracted the attention of researchers to this vital issue in the
construction sector and has turned reducing energy demands in the building sector as one
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of the important missions [5]. The energy consumption of buildings in the EU and the US
contributed up to 40% of total global energy demand in 2019 [6], while according to the
US Department of Energy report [7], 36% of the total energy consumption in the US is
the consumption of residential and commercial buildings. The existing literature (industry
specific literature) indicates that researchers usually employ one of the below described
approaches to address the issue.

The first approach, widely used in various studies, secks to statistically analyze the
relationship between major climate variables and energy demand wvariables such as:
electricity consumption [8], heating and cooling energy demand [9-11], total energy
consumption of buildings [12], fuel choice [13] or the cost of living [14], value of amenities
[15] etc.

However, this method is limited to the study of the change in the energy demand and the
socio-economic systems [16]. Limitations of the first approach have motivated the
researchers to take another approach and to analyze the long-term changes by simulating
building energy models. In this sense, by using TMY files the long-term impact of climate
change in the form of a general year would be presented in the way that this year would
be the representative of the whole historic period of baseline. The analysis of the climate
change impact according TMY files based on historic baseline on the global energy
consumption of residential buildings for heating and air conditioning purposes [17],
assessing the energy consumption of buildings in the USA, Germany and China [18-22]
by considering different climate scenarios are among important studies in this field.

This study evaluates and describes the global conditions of energy consumption in the
building sector by reviewing the existing models, data, and predictions with the aim to
extend the existing general knowledge of the impact of climate change on the energy
consumption of buildings [23-25] through the use of a descriptive-analytical method.

2. Climate Change

The evidence of global warming indicates the impact of the greenhouse gases and
the increase of average temperature of air on various aspects of urban life, such as health,
water resources, energy, economy, politics, etc [26]. That is why, adaptation to the climate
change can be considered as a vital challenge of the 21st century to mitigate the adverse
effects of global warming. Several international committees have attempted to use various
methods for that purpose [27]. This area of the climate change impacts has been the
subject matter of numerous studies because it is a vital issue for human life. Subsequently,
the building sector has appeared to be extremely vulnerable to climate change influences
such as global warming for instance [28]. Winter storms, flooding, droughts, storms as well
as global warming that arise in the consequence of extreme weather patterns have posed a
number of challenges for the building sector. Out of all of the aforementioned side effects,
global warming seems to have the strongest implications for the future energy
consumption patterns of building sector as IPCC (the Intergovernmental Panel on Climate
Change) indicates its role in increasing energy demand and unreliability of energy supply
[29].

While climate change and global warming are used to be considered mere hypotheses a
decade ago, they are currently being recognized as the critical challenges to mankind
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globally [30]. Droughts in Australia, abnormal floods in the Asian countries such as
Malaysia, rising sea levels, melting glaciers, intense seasonal heat waves in Europe and
increased atctic ice melting are among the most visible signs of the climate change and
global warming. Regardless of the foregoing, we all can also experience frequent extreme
weather patterns like colder winters and warmer summers. The high frequency of heavy
precipitation caused by the increasing atmospheric vapor, on the one hand, and rising the
sea levels - up to 3.1 mm annually since 1993 - caused with the melting ice in Greenland
and Antarctica, on the other hand, have turned the climate challenges into critical issues
that require immediate action [31]. We may all remember the abrupt drops of temperature
to extremely low values in the winter of 2003, after the extremely high summer
temperatures [32] recorded in the so-called hottest European summer [33], when high
temperatures at night caused nearly 15000 fatalities in France [34]. Itis a clear-cut example
of what will happen to mankind if the adaptation to the climate change will fail to be
planned and implemented forthwith to counterbalance its adverse effects.

This study is based on the following definition of climate change: a climate shift caused by
human activities that modify the natural greenhouse gas proportion in the lower
atmosphere. This change might occur due to the technological progress. The types of
climate change impact can be divided into three groups:

e Primary impact (e.g. on temperature, extreme climate phenomena, floods, extreme wind
speeds)

e Secondary impact (e.g. changes in wildlife and nature)

e Tertiary impact (e.g., institutional, social, behavioral changes) [28]

According to the simulation-based analysis of the historical global climate data, global
warming, monitored over the past 30 to 50 years, does not result from the natural forces
like the tilting of the earth’s axis alone. IPCC, thus, takes into account the possibilities of
the combined effects of the climate change and human activities [35]. The increasing
proportion of carbon dioxide in the atmosphere and its annually rising emission levels
since the industrial revolution as shown in Figure 1 support this standing.
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3. Different Scenarios in Energy Trends

Climate change forecast for a period of more than 100 years is used to be a mere
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scenario rather than an accurate forecast because several uncertain variables must be taken
into account while interpreting the future climate parameters. These uncertainties include
the climate system response to the weather changes, carbon emission levels and the socio-
economic progress. Atmosphere-ocean GCM Models (general circulation models) have
been developed by IPCC for the purpose of climate forecasts. The GCM method [31]
further anticipates the spatial resolution levels derived from atmospheric motion physics
(5*%5 latitude and longitude degrees) - in the UK, (HadCM3), USA (PCM), Canada
(CGCM2) and Australia (CSIRP2) [31]. Emission scenarios developed by IPCC Work
Group (WG) that describe potential energy trends are presented in Table. 1

Table 1. Energy trends scenarios based on the emission scenarios [31]

Family No. Description
Alternative energy systems such as non-fossil resources, fossil intensive or balanced
1 systems change as the result of the economic development and rapid population

A

increase

2 Economic growth while the population growth continues

Clean and resource-efficient technologies and service and information economy
3 become global trends as the result of the economic change caused with the population
B peak in the mid-21st century
Achieving social, environmental and economic sustainability combined with the
economic development and moderate population growth through local solutions

A comprehensive overview of the climate change impact on the energy consumption of
buildings shall underlie different climate scenarios that need to be taken into account.
According to Clarke et al. [25], there are three possible climate scenarios;

e Fixed climate

e 4.5 climate

e 8.5 climate

While the first scenario seems unlikely, it still needs to be taken into account as a
benchmark for other scenarios. This scenario assumes that there will not be any notable
changes in temperatures (HDD as heating degree days and CDD as cooling degree days).
The 4.5 climate scenatio is based on the spatially detailed grid of temperature profiles
originating from CESM (Community Earth System Model) and RPC 4.5 concentration
pathway. The 8.5 climate scenario also relies on the same information from CESM and
the RCP 8.5 concentration pathway [39], where CESM model was, in fact, developed in
the 5th coupled model intercomparison project (CMIP5). The numbers (4.5 and 8.5)
before names relate to the radiative forcing levels stabilization at 4.5 W/m? or 8.5 W/m?
by 2100. While these two scenatios differ only slightly, the first — fixed climate scenario —
is very different. Therefore, in fact we focus on only two climate scenario groups to be
analyzed, both of which consider global population and per capita income to be the same.
All the above-mentioned scenarios maintain that the increasing average global temperature
is the parameter that indicates incremental warming. IPCC claims that this parameter has
increased up to around 1 °C since the 18th century, which is illustrated in Figure 2. It will
increase to 5.8 °C and extreme weather phenomena will occur more frequently throughout
2100.

Published by ECSDEV, Viadei Fiori, 34, 00172, Rome, Italy http://ecsdev.org



H. Bazazzadeh et al. 5

>
~

N
o

w

Degrees Celsius
S

NW
!

A Y |
B Figure 2. Global surface temperature
T ' . ' . ' ' since 1880 [40, 41]
1880 1900 1920 1940 1960 1880 2000 2020

»
©0

o
~

)
o
-
-

According to climate change forecasts in the UK, the average temperature is expected to
rise from 0.1-0.3 °C to around 0.3-0.5 °C per decade for the low and high emission settings,
respectively [42]. In this sense, summers are anticipated to become hotter and dryer, while
winters will become wetter with 25% higher snowfall frequency by 2020s and 45% by
2050s in the United Kingdom. It also has been estimated that in Asia average earth surface
temperature would rise by 3 °C and 5 °C in the 2050s and the 2080s, respectively.
Morteover, average temperatures in Europe will rise by 2.4-5.4 °C over the next century
due to high greenhouse gas emissions [43]. The highest carbon dioxide concentration is
anticipated in the A2 scenario (Table. 1).

4. Impact of the Climate Change on Energy Consumption of Buildings

It has been proven that the environment type and climatic conditions affect
several aspects of energy consumption of buildings[44]. This impact can be categorized
into the following three groups:

e HVAC system (Heating, ventilation, and air conditioning)
e Heating and cooling demand
e Power peak demand [28]

4.1 HVAC system

Today, majority of the EU buildings are designed to use natural ventilation rather
than any electric cooling appliances (e.g. air conditioning units) to mitigate their
environmental impacts. Nevertheless, because the temperature in summers is more and
more likely to reach extremely high values, we can observe a gradual growth of the HVAC-
related energy consumption [45]. As a result of the extreme weather conditions, natural
ventilation is often insufficient and consequently cooling demand in summer is on the rise.
For instance, it has been predicted that by 2080, the energy demand for air conditioning
needs in buildings in July and August will rise by 30% in Athens [46]. Moreover, we can
observe that in the UK around 40% of large buildings are provided with air conditioning
devices as compated to 10% in 1994 [47], while most buildings, constructed before 1990,
were designed to be naturally ventilated [48].
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Increasing extreme and average temperatures will result in uncomfortable and expensive
buildings in terms of their cooling and heating, and in consequence, into an urgent need
of retrofitting mechanical systems such as ventilation, for instance. Better HVAC
equipment is now needed to mitigate the effects of increased humidity and heat gain of
outdoor air in summers resulting from higher outdoor wet and dry bulb temperature in
order to achieve acceptable conditions of comfortable living. On the other hand, it has
been proven that such conditions heavily depend on the influence of the temperature
rising and that there is a strong negative correlation between the efficiency of HVAC
systems and wet/dry bulb temperatures (WBT and DBT). This means that at high
WBT/DBT values, the efficiency of HVAC systems decreases [49]. Therefore, HVAC
systems in buildings are likely to increase their share in the energy consumption in warmer
areas, where WBT/ DBT is increasing.

4.2 Heating and cooling demand

The most visible impact of the climate change on the energy consumption of
buildings is the increased consumption rate of the cooling and heating energy. This can be
seen as the result of the growing need for appropriate thermal comfort in buildings during
hot summers and cold winters [50, 51]. Studies have shown that the trend of the
temperature increasing over recent years in the global scale has caused further discomfort
in summers and less discomfort in winters [52]. changes in heating and cooling energy
demands are considered the consequence of changes in degree-days [53]. The last-
mentioned variable is highly affected by the geographical location of the analysis area.
Possible types of impacts of the climate change on cooling and heating loads, being the
key parameters in determining the energy consumption of buildings, have been widely
discussed in several studies [54-56], many of which have been based on the degree-day
approach [1, 10].
Using computational methods, the majority of aforementioned studies predict a sharp
decrease in the heating energy demand and a considerable increase in the cooling demand
in the building sector[57, 58]. The studies have observed that future decrease in the heating
energy demand will outweigh the decrease rate of heating degree-days, while possible
cooling energy demand is anticipated to increase considerably. According to cooling
degree-days rate, the cooling energy demand is predicted to rise by 2100% in the period
from 1975 to 2085 [59]. This validates the results of the previous studies that have
indicated a decreased demand for heating and increased demand for cooling in the building
sector. That is why, higher energy demand is expected in summers and springs in hot
countries (e.g. Mexico), whereas cold countries (e.g. Canada, Norway) are predicted to
consume less energy in winters. In mild countries (e.g. Italy) the additional cooling energy
demand during summers is balanced with the reduction of the heating energy demand in
winter and spring [10, 11, 54]. Table. 2 below presents the summary of studies referred to
in this statement.
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Table 2. Researchers’ conclusions concerning the cooling and heating energy demands in
buildings

Study area Building energy load Change in temperature °C
Cooling load  Heating load (date of the change)
+15% -16% 1 (2010)
+53.9% -29-35% 1 (2003)
+9.4-15% -5-24% 3.9 or1 (2030
the USA [11, 54, 60] +17% -12% 1.7 (2(520) )
+36% -22% 3.4 (2050)
+53% -33% 5.3 (2080)
Switzerland [53] +44-58% 4.4 (1901-2003)
Italy +1.17% -0.21% 1 (summers)

4.3 Power peak demand

The majority of the studies related to the climate change impact on power peak
demand in buildings indicate a sharp fall in the heating energy demand and a considerable
increase in the cooling energy demand in recent years [61]. Some scholars were of the
opinion that the increasing cooling demand would be balanced with the decreased heating
demand, while others anticipated that the cooling energy demand might entirely dominate
the power sector [19]. However, it should be noted that the climate change impact on the
energy consumption of buildings is also influenced by other factors such as the climate
change scenarios and building types. Huang team [60] has also predicted a sharp decline
in the energy demand in the colder areas in the future. Although lighting and plug loads
seem to be the primary sources of power consumption in the buildings, it has been found
that the cooling loads represent a major part of power consumption, which is expected to
rise even more in the next 100 years by over 50% [28]. Therefore, it is concluded that the
impact of climate change on the electricity consumption in the building sector will result
in the rise of energy consumption due to the increased demand for cooling. However, the
increased consumption rate varies depending on the building type and its size, which
determine the sensitivity of a given building to the climate change.

5. Results and Discussion

By applying the climate scenarios (Table. 2), we would be able to decrease the
number of variables and analyze each scenatio in accordance with the conditions of the
given group. The first scenario assumes the climate as a fixed variable. However, there is
a wide range of uncertainties that should be taken into account that with improving
adaptability we could manage to cope with them [62], including possible fundamental
socio-economic trends such as the population and the global average income (per capita
income) that are expected to grow and the building technology that is expected to be
improved. These variables follow the pathway introduced by Fricko [63], which anticipates
that the global population will peak in 2070 and decline by the end of the century. This
peak is assumed to take place mainly in the developing countries, while the population in
industrialized regions (developed countries) is expected to remain nearly unchanged.
Considering the likely substantial economic growth, per capita income in developing
countries might eventually converge with that generated in the developing countries. It
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should be noted that substantial risks for a collapse of civilization, also in terms of global
population peak, exist well before 2070, due to over-exploiting of natural resources [64].
On the one hand, as the building technologies are expected to undergo significant
improvements (e.g. enhancement in the building shell efficiency), heating and cooling
demands are assumed to decrease as a result. On the other hand, innovative solutions in
the cooling and heating equipment itself will translate into decreased cooling and heating
systems demands.

It can be observed that energy consumption trends in buildings are focusing on the cooling
and heating energy demands. More specifically, according to Clarke [25], the number of
heating and cooling degree-days in 2010 indicates that despite notable difference in cold
and hot regions, the cumulative numbers of these variables are nearly the same, which is
illustrated in Figure. 3
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Figure 3. The number of degree-days in different regions in 2010 [25]

Although scenarios differently predict the heating and cooling degree, they all agree on the
global warming phenomenon, a sharp increase in the cooling energy demand (cooling
degree days), and a drop in the heating energy demand (heating degree days) within the
next 80-90 years. Figure. 4 shows the data studied in all parts of the world.
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Figure 4. The number of cooling and heating degree days in different regions in 2010, 2050, and 2100, based on [25]
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By analyzing the entire data set from different world regions, global trends in the energy
consumption of buildings can be defined based on the cooling and heating degree-days.
Figure. 5 illustrates that the CDD numbers are cleatly increasing, while the HDD number
shows a slight rise and then a sharp drop. This means that at some point in the future (near
2070), cooling energy loads would outweigh the heating energy demands in the building
sector, and since then, the difference between these variables would probably rise quite
fast.
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Figure 5. Global trends of cooling and heating degree days in 2010, 2050, and 2100, based on [25]
6. Conclusion

This paper seeks to present an accurate overview of the climate change impact as
a severe consequence of economic, industrial and similar changes such as the technological
progress and the population growth on the energy consumption of buildings. Having
analyzed the current state of knowledge on the topic, presented in the industry specific
literature, this study confirms that global warming is the most severe consequence of the
climate change that we are likely to face in the future. It further moves to study possible
energy trends and the climate change scenarios. Assuming the presented scenarios as the
input data and using the existing methods of analysis, respective results have been obtained
accounting for all the possible aspects of energy consumption in buildings influenced by
the climate change. Cooling and heating energy demand, which represents the largest share
in the energy consumption in the building sector, has been confirmed as the main factor
clearly showing the climate change impact on the energy consumption of buildings. Using
the degree-days method, the authors have interpreted the results of studies in this field to
define the global trends in the energy consumption in the building sector resulting from
the influence of the climate change. The study carried out by the authors has come to the
conclusion that the cooling energy demand is increasing, while the energy demand for
heating in buildings will sharply decrease. This means that the issue of cooling needs to be
urgently addressed to assure comfortable temperatures in buildings that in the future will
be exposed to higher and higher ambient temperatures.
Consequently, by comparing the data and predicted values of HDD/CDD in different
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regions, it is estimated that colder regions such as Russia and Canada, for instance, will
consume less energy as cooling demand in those regions is negligible, whereas the overall
energy consumption in the building sector in these regions will decrease significantly. On
the other hand, moderate and hot climate areas will show higher cooling demand and thus,
the building sector in those areas will consume more energy. In the global scale, the
declined heating energy demand will at a certain point in future balance with the increased
cooling demand (around 2070), and thereafter we can expect a sharp increase in the cooling
loads that will translate into overall higher energy consumption in the building sector.
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