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Abstract

Climate change and associated more frequent, hot or cold, extreme/weather
events, as well as increasing temperature may increase future residential de-
mand for electricity for heating and cooling purposes. The paper in hand in-
tends to assess potential impacts of increasing temperature attributed to cli-
mate change on seasonal residential electricity consumption in Alexandria
city, Egypt. Additionally, it aims to identify and discuss potential soft and
hard adaptation options to such impacts. For this purpose, seasonal changes
in electricity consumption were investigated. For this purpose, data on
monthly residential electricity consumption, population size and income le-
vels at district level as well as maximum monthly temperature in Alexandria
city, Egypt over the period 2007-2016 were collected. This is followed by de-
veloping a panel-data model to simulate influence of temperature on residen-
tial electricity consumption. It was found that there is a significant growth
trend over the study period as well as considerable seasonal variation with
summer season experienced significant increase in consumption. It was
found that increasing temperature, under RCP 2.6 and RCP 8.5, may contri-
bute to significant increase in residential summer electricity consumption by
2050. Different adaptation options to such an increase in consumption, both
soft and hard, have been identified and assessed.
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1. Introduction

Demand for different energy sources is derived demand for transportation, resi-
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dential uses, industrial production...etc. Such demand depends upon a wide
range of variables including economic growth, income levels, prices, land use
patterns and climate parameters among other variables [1] [2]. It is suggested
that major proportions of end-use energy consumption in urban areas is related
to cooling or heating purposes, particularly in the residential areas that are more
sensitive to temperature variations than other land uses [3]. In this respect, it
was estimated that about 36% of electricity demand in USA is derived from the
need for cooling and/or heating [4] [5]. The relationship between weather con-
ditions, particularly temperature, and electricity consumption has been the sub-
ject of investigation in a large number of papers [4] [6] [7] [8] [9] [10]. Such
demand for electricity for cooling purposes is usually associated with increasing
differences between outdoor and indoor temperatures, and the comfortable
temperature range of 19°C - 22°C in winter and 22°C - 25°C in summer [10].
Accordingly, the difference in the daily high and the 22°C is referred to as a
cooling-degree day (CDD) [6].

It is projected, accordingly, that climate change and associated increase in
temperature as well as extreme weather may have significant impacts on resi-
dential electricity demand [7] [8] [11]. It should be noted that, in high latitude
countries, climate change is expected to lead to an increase in cooling require-
ments during summer and a similar decrease in heating requirements during
winter implying a relatively small net impact on annual energy use [3]. However,
in tropical and sub-tropical regions that experience warm winter and hot sum-
mer, the increasing needs for cooling in summer may exceed reduced needs for
heating in winter leading to a relatively significant net impact on annual energy
use [7].

Egypt has been experiencing, in the past years, an electricity crisis leading to
frequent blackouts interrupting life and production, in which some did attribute
to lack of maintenance and investment in electricity sector, heavily subsidized
price, low electricity standards applied and rapid population growth.

Installed electricity generation capacities in Egypt have been experiencing
between 2010/11-2014/15 an annual increase of 6.8%, peak load, has over the
same period observed an average annual increase of about 4.5% (Figure 1). De-
spite that installed capacities have generally been higher, during this period, than
peak load, there has been shortage in electricity generation. This is because no-
minal installed capacity does not reflect actual capacities of such units due to
their aging and lack of proper maintenance. Also, hydro power generation, in
the Nile River, is highly influenced by water requirements defined by the Minis-
try of Water Resources and Irrigation [12].

Such a trend of increasing peak demand is expected to continue in the future,
with forecasted peak demand about 54,200 MW by 2027, which is about double
peak demand in 2015. It was argued that in order to meet the increase in de-
mand, an average annual expansion in generation and transmission, 2000 MW

are needed over the next 20 years [13].
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Figure 1. Development of peak load and installed capacity in Egypt during the period
2010-2015. Source: [12].

Concerning electricity consumption by sector, it was found that residential
use represents, by far the largest proportion of consumption relative to other
uses, with more than 50% of total usage. It was followed by industry and Gov-
ernment and Public utilities at about 14% and 13% of total consumption, respec-
tively. In terms of growth, it was found that residential usage again attained the
highest growth with an annual average increase of 6.7%, compared to a national
annual growth rate of 4.6% between 2011/12 and 2015/16 (Figure 2). Addition-
ally, it was found in this respect that number of subscribers to electricity provi-
sion in the residential sector has increased with an annual increase rate of 3.2%.
It was suggested that the significant growth in residential usage, compared to
other users, was partially due the wide spread use of domestic appliances espe-
cially air conditioners in the summer season [12].

Such rapid growth in residential electricity consumption has led the govern-
ment since 2008, to introduce block-pricing for the residential and commercial
sectors, while reducing electricity subsides for different uses, with the intent of
eventually eliminating energy subsidies. Additionally, recent subsidy reductions
were set out as the first step in a five-year program to eliminate energy subsidies
entirely. For instance, electricity tariff increased for all users, with the lowest
monthly block-rate users (0 - 50 KWh) receiving the sharpest increase of resi-
dential and commercial users averaging 17% [18].

In this context, climate change may become an additional stressor leading to
further increases in electricity consumption due to temperature increase. The
paper in hand aims to assess impacts of climate change, in terms of temperature
increase, on residential electricity consumption in Alexandria, Egypt as well as

potential adaptation options, in this respect.

2. Case Study

Alexandria city, the second largest urban center in Egypt with a total population
of 5.14 million in 2017 [19], hosts the main port with about 75% of total ports

DOI: 10.4236/ajcc.2018.74035

577 American Journal of Climate Change


https://doi.org/10.4236/ajcc.2018.74035

M. A. K. A. Abdrabo et al.

80000
70000 /
o
60000 J—— —_—
£
£ 50000
o
40000
30000
20000 T———————— =m0 — . 4
10000 ,/—' _________ @ vocesccsscccseececd
S e v
0
2011 -2012 2012 - 2013 2013 -2014 2014 - 2015 2015 - 2016
Year
—e— Industry —o— Agriculture —o =Gover. & Public Utilities
—o=Residential --«®-- Commercial use —eo— Others

Figure 2. Electricity consumption by sector in Egypt. Source: [12] [14] [15] [16] [17].

capacity on the Mediterranean Sea. The city hosts also about 4400 industrial
firms, employing around 201,000 workers and producing about 40% of Egypt’s
total industrial production [20]. Alexandria city is administratively divided into
10 districts, which are further subdivided into 19 sections (Figure 3). The city,
being longitudinally shaped, potentials for expansion are restricted by natural
obstacles namely the Mediterranean Sea and Lake Maryut and agricultural land
to the north, south and southeast, respectively (Figure 3). This means that
locked in old districts have limited potentials for growth and the peripheral ones
are experiencing most of the city growth.

Monthly residential annual electricity consumption in Alexandria has been
experiencing significant growth, from 2879 to 3773 GWh, over the period
2008-2015, representing an annual average growth rate of 5.7% [21].

Concerning electricity consumption growth trends at district level, it was
found that outer districts in Alexandria have had the fastest residential electricity
growth trends. This can be attributed to their higher potentials in terms of hori-
zontal and vertical expansion and consequently hosting more population. Other
inner districts, with limited potentials for expansion, have had the lowest resi-
dential electricity growth over the same period. In addition to such growth
trends, residential electricity consumption showed substantial seasonal varia-
tions, with the summer season exhibiting significantly higher consumption levels
compared to other seasons (Figure 4). Such seasonal variations, which are
mainly associated with cooling purposes, were found to be related to prevailing
socioeconomic conditions at district level, with the more affluent ones having

higher seasonal variations [21].

3. Residential Electricity Consumption: Regression Analysis

To estimate the driving forces on seasonal electricity consumption, historical

data on electricity consumption were acquired from Alexandria Electricity
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Figure 3. Administrative sections of Alexandria city.
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Figure 4. Monthly residential electricity consumption in Alexandria, 2007-2016 Source:
[21].

Distribution Company [21], while monthly rate of temperature in Alexandria
between 2007 and 2016 were acquired from Weather Underground
(https://www.wunderground.com/), which is one of a commercial weather ser-
vice providing real-time weather information via the Internet [22].

A Levin-Lin-Chu Unit root test [23] was conducted on the panel data to test
for all individuals time series are being stationary. The test showed that all va-
riables used in the analysis were stationary. Thereafter, a regression analysis of

panel data of 9 sections in Alexandria over the period August 2007-January
2016, was undertaken for electricity consumption against max temperature,
population size and GDP per capita, using fixed and random effects models
(Equation (1)).

Vi = B + BiXy + B Xy, + B, (1)

where:
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)), : residential electricity consumption for district 7and over time £
X

|, - maximum monthly temperature for district 7and over time £

&, : population size for district /and over time 4

X, : GDP per capita for district 7and over time ¢

It is typically argued that marginal prices, rather than average prices should be
used in demand/consumption analysis, as the latter is thought to be biased [24].
However, due to the lack of detailed household electricity consumption data
marginal prices could be acquired and thus the price variable was not included
in the analysis (Equation (2)).

Elect.con =cc 4+, Temp + S,Pop + B,GDP per capita (2)

where:

Elect.con: Monthly electricity consumption;

Temp: maximum monthly temperature;

Pop: Population size; and

GDP per capita: Gross Domestic Production Per Capita at district level.

Panel data regression was run for fixed and random effects and then a Haus-
man test was undertaken and based on which fixed effects were found to be the
more appropriate in this case. The regression equation, according to the fixed

effects was found to be:

Elect.con = —-34978.63 + 259.51Temp + 0.08157Pop + 2.2667GDP per capita (3)

It could be suggested, accordingly, that maximum temperature significantly
influences residential electricity consumption mostly for cooling purposes.
Based on Equation (3) above, a 1°C increase in maximum temperature may lead
to an increase in monthly residential electricity consumption of about 259
MWh.

4. Climate Change Impacts on Seasonal Electricity
Consumption

In order to assess impacts of climate change by 2050, in terms of maximum
temperature, on residential electricity consumption, data on future maximum
temperature under climate change, were downloaded from the National Center
for Atmospheric Research (NCAR) NCAR’s GIS Program Climate Change Sce-
narios GIS data portal [25]. NCAR Community Climate System Model produced
climate change projections under different RCP scenarios of the (AR5) [26].
This portal provides datasets of these climate change projections in a shapefile
format in 1.4 x 1.4 spatial resolution [25].

In order to estimate average monthly rate of expected maximum temperature
by 2050, monthly rates for the period between 2040 and 2060, according to RCP
8.5 scenario, were downloaded as point shapefiles and the average of each month
during this period was calculated. Thereafter, the calculated attribute of average
monthly rate was interpolated using GIS techniques to produce raster surface re-

flecting subtle variations of maximum temperature within the study area.
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The monthly maximum temperature in the summer season (May-September)
by 2050 was found to be much higher relative to the period 2007-2016. The in-
crease in the monthly maximum temperature is expected to reach its peak dur-
ing July and August exceeding 3°C and 4°C under RCPs 2.6 and 8.5 scenarios,
respectively (Figure 5). This may, in turn, have significant impacts on increasing
demand for cooling purposes, which may lead to increasing residential electrici-
ty consumption.

Based upon the panel data regression analysis, presented earlier, residential
electricity consumption in the 9 sections covered by the analysis would be ex-
pected to increase by 259.5 MWh per 1°C maximum temperature increase
(Table 1).

It is expected, in this context, that climate change would increase residential
electricity consumption in Summer season by 2880 and 4118 MWh under RCP
2.6 and RCP 8.5 scenarios, respectively, by the year 2050. Such an increase
represents about 0.25% - 0.35% of 2015 summer consumption. It is worth men-
tioning that these estimates seem low when compared to existing state-level
models relating climate parameters to residential electricity consumption indi-
cate a nominal sensitivity of 2% - 4% for each 1°C increase in ambient tempera-
tures [27].

5. Potential Adaptation Options

Proper identification of potential adaptation options may require looking into
other factors, in addition to those included in the analysis, which may influence
electricity consumption. For instance, it was argued that urban patterns and
buildings designs and orientations may influence the need for air conditioning
in residential units. It was suggested that both urban patterns and building de-
signs in Egypt may contribute to increased electricity consumption in the resi-

dential sector [28] [29]. Furthermore, recent development in different parts of
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Figure 5. Current and expected Monthly maximum temperature in Alexandria. Source:
[22] [25].
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Table 1. Impacts of increasing maximum temperature under climate change scenarios on
residential electricity consumption in the nine section.

Electricity consumption change MWh

Month
2050 (RCP 2.6) 2050 (RCP 8.5)

May 182 337
June 571 804
July 960 1246
August 882 1194
September 285 597
Total 2880 4178

Alexandria city, which is mostly undertaken haphazardly, involved replacing old
buildings by new high-rise 15 - 20 floors buildings blocks exceeding the limits
identified by the building code, in quite narrow 6 - 7 meters streets (Figure 6).

Possible adaptation options to increasing electricity consumption for cooling
purposes would involve hard options and soft options; with the former involving
actions such as investing in additional electricity generation and transmission
network capacities. This would, nevertheless, involve massive spending to meet
both initial capital investment as well as operational cost. For instance, Assum-
ing that there would be a need to increase electricity generation capacity through
constructing a new natural gas power plant of a capacity of 640 MW, the total
cost of such a plant would involve overnight capital cost in addition to operation
and maintenance cost [30].

The construction cost of such a plant was estimated based on the recently
signed contract between the Ministry of Electricity and Renewable Energy in
Egypt and Siemens, which involved US$6.5 billion to generate 14,400 MW. This
means an average overnight cost of about 450,000 US$/MW and an overnight
capital cost of US$ 279 million for the needed power plant. According to the In-
ternational Energy Agency (2015) capital investment in a gas-fired power plant
represents, at a 10% discount rate, about 20% of total levelized cost, meaning to-
tal levelized cost for the plant being considered would be around US$ million
1390 including capital investment, operation and maintenance cost and fuel cost
for the life span of the plant. It should be noted, meanwhile, that this figure does
not include capital borrowing cost, decommissioning cost and any additional
burden to fluctuation in exchange rates.

Alternatively, other soft adaptation measures may include the application of
economic instruments (e.g. more strict pricing mechanisms) or the introduction
of more stringent electricity efficiency standards for cooling purposes appliances
and enforcing urban planning codes that may improve internal and housing en-
vironments and thus reducing the need for cooling purposes.

It is worth mentioning that, despite that each group of adaptation measures

has their pros and cons, hard options typically involve significant investments
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Figure 6. Dense high rising blocks in Alexandria.

that would involve high opportunity cost, particularly in a developing country

like Egypt.

6. Conclusions

Changing electricity consumption is generally associated, along with other so-
cioeconomic variables, with weather conditions, particularly temperature. It is
expected that climate change may contribute to further increases in electricity
consumption for cooling purposes during summer.

Conducted regression analysis revealed that current electricity consumption
in residential sector in Alexandria is significantly influenced by maximum
monthly temperature, along with population size and GDP per capita. Accor-
dingly, it was found that electricity consumption may be expected to increase
under different climate change scenarios in Alexandria city by 2050. The in-
crease in electricity consumption in summer season due to climate change was
estimated to be about 2880 and 4118 MWh under RCP 2.6 and RCP 8.5 scena-
rios, respectively, by 2050. Such figures may be underestimates as electricity
consumption for cooling purposes under climate change is expected to be ex-
acerbated by unplanned and ill-advised urban structures development patterns
and internal design, which reduce air circulation and alter local climate leading
to human discomfort and increasing need to cooling.

To cope with such increasing electricity consumption due to climate change, a
number of adaptation options were identified including upgrading capacities of
electricity generation units and electricity networks. Also, they may involve ap-
plying economic instruments such as pricing and taxes and/or urban planning to
adapt to the increase in electricity consumption due to climate change. However,

successful implementation of any of such options may require more in-depth
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assessment in terms of their impacts on market behavior as well as their socioe-

conomic and environmental consequences.
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