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Abstract

As climate change could affect energy production, it can also undermine
telecommunications development which requires increased energy consumption to
drive improvement in network penetration, coverage and
capacity. Employing secondary data analysis and simulation, this paper presents a
study on climate change effect on energy consumption of telecommunication base
stations. The impact of climate change on energy consumption was examined by
introducing a climate factor, ¥ , into validated Base Transceivers Stations (BTS) power

consumption models. The BTS energy demand was found to increase with increase in
temperature due to cooling requirement. The result shows that, with 1°C increase in
outdoor temperature, heat flow through BTS shelter increases by 6.25%. This increase
effect, manifests on cooling system with above 1 kW power. The result presented
shows the importance of taking climate change variables into consideration when
planning next generation cellular networks for sustainable deployment.
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Introduction

Global concern for climate change,
is observable in the form of extreme heat
waves, rising sea-levels, changes in

that is significantly contributing to ICT
and global sustainable development.
These contributions are based on its ease
and speed of deployment, less disruption

precipitation resulting in flooding, to the physical environment among other
droughts and intense hurricanes among factors.
other natural disasters, has Cellular networks are more preferred

considerably heightened over the years
(Hossain et al., 2011). More alarming is
its threat to undermine decades of
development across different sectors of

in meeting the increasing demand for
data rate which is expected to escalate
by eightfold in 2020 (Cisco, 2016).
However, improving the network

man’s life, which include penetration (coverage) and capacity
wireless/cellular  telecommunications hinges on increased network energy
*Corresponding Author: Faruk, N. 1022
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consumption. This account for about 15
% of its running cost in industrialized
markets and could be above 50% in
developing economies where the
network operators run considerable
number of their base stations off grid
due to non-availability of power supply
(Nokia Network, 2015). This upsurge in
energy consumption does not only
impact the global climate, but also puts
additional burden on the business case
of the network service providers, which
has a  considerable effect on
sustainability. Temperature,
precipitation, storms-wind-extreme-
events; humidity and sea-level rise
which are weather variables affected by
climate change are identified as having
potential impacts on telecommunication
(GSA, 2014). It is important to note that
energy production could also be affected
because hydropower and solar are
susceptible to climate change. These
impacts could be positive or negative.
For example, while an increase in the
average temperature could mean more
need for cooling which requires energy
to achieve, same may reduce the
frequency of the need to cope with
snow-melt (Horrocks et al., 2010).

Furthermore, millimeter wave
(mmWave) communications have been
identified as a new paradigm that can
offer potential solutions to the
anticipated high capacity requirements
of next generation cellular networks
owing to the large available spectrum in
the millimeter wave frequencies.
However, at extremely high frequency
of about 60 GHz, there is a risk of
increased attenuation due to rain and
oxygen absorption which could range
from 15 to 30 dB/km (Daniel and
Health, 2007). This could manifest with
global tilt in climate variables.

The energy demand of base stations
increases with high temperature due to
cooling requirement. Accordingly, it is
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noted that climate change might have an
impact on continuous heating and
cooling processes. The overall energy
requirement for temperature control
purposes may vary geographically as
different geographical locations come
with varying climatic conditions. These
climatic conditions have varying effect
on the energy consumption of BTS
which 1is principally related to the
prevalent average temperature in the
different locations at different time of
the day, month and year. Koppen’s
climate classification is a widely used
climate classification and it is based on
the annual and monthly averages of
temperature and precipitation (Pidwirny,
2006). Significant percentage of energy
consumption is also dependent on other

variables such as energy efficient
technology, and technological
advancement.

Use of Renewable Energy Sources
Globally, one major change that is
advocated as a result of climate change
is the transfer from the use of fossil fuel
to renewable energy sources. This has
led to a huge demand for renewable
energy in developed and developing
countries alike. According to 2014
global status report, renewable energy
contributed about 22% of the energy
generated in 2013 (NREP, 2014).
(Munner, 2007) opined that the use of
renewable fuel is expected to continue to
grow over the coming years despite the
fact that non-renewable fuel sources
such as coal, oil and gas remains a major
source of energy for most countries.
This is manifested in the 2015 report by
IEA (Ren21, 2015), that renewable
energy increased by about 128 GW in
2014 making up over 45% of new
additions to power generation in the
same year. An overall increase of 30%
primary energy supply from renewable
sources was recorded from 2004 to 2013
and accounted for 19% of the world’s
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final energy consumption in 2013
(Ren21, 2014). Likewise, an increase of
152 GW in total renewable power
capacity was reported between 2014 and
2015 (Ren21, 2015). This is an
improvement in the 2014 increase by 26
GW.
Changes in Precipitation Patterns

Precipitation changes as a result of
climate change would differ from one
region to another. Some would
experience more rain while others would
become dryer. (Trenberth, 2011) has
also shown that the subtropical areas
would experience a fall in precipitation
while there are uncertainties regarding
the faith of the equatorial regions. A
change in precipitation can result into
more or less vulnerability of power
plants such as hydropower plant, nuclear
plants among others. Nuclear plants
consume about 1200 gallons of water
per MW hour for wetting and cooling
the towers. Hydro power plant consumes
about 4500 gallons of water per MWh
and natural gas plant consumes about
100 gallons /MWh (NREP, 2014). A fall
in precipitation can lead to water
shortfall for hydro power plants because
of its sensitivity to the timing and
volume of water flow in the dam (Pan et
al., 2011). Hydroelectricity accounts for
about 20 percent of the global electricity
generation in about 150 counties and it
being relatively cheap to produce and
renewable makes its common in
developing countries. A fall in power
generated would have an effect on the
BTS connected to the national grid.
Temperature and Wind Variability

The most obvious change as a result
of climate change is an increase in
temperature leading to global warming.
Averagely, the global temperature has
increased approximately by 0.8°¢ in the
last century (Pan et al., 2011). However,
occurrence of storms, prolonged rainfall
and natural disasters has been on the
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increase in some regions in the last
decade. This is affecting the availability
of sun for solar generation. According
to IPCC (NREP, 2014), there is going to
be a reduction of up to 20% in the
seasonal solar power radiation based on
a simulation projection model carried
out for up to the year 2040. On the other
side, increase in temperature can also
affect the production of fossil fuel and
nuclear energy as a result of change in
the ambient temperature. Furthermore,
the change in the wind variability could
affect the citing and availability of wind
generated power plants however; there is
insufficient research to show the extent
of wind variability as a result of climate
change.
Climate Change and Millimeter Wave
(mmWave) Communications

The recent exploration of the
mmWave frequency spectrum for access
and backhaul for the next generation
cellular communication is mainly driven
by the unprecedented challenges of
global bandwidth scarcity created by the
yearly proliferation of mobile data
traffic worldwide (Rappaport, 2011).

The introduction of mmWave
technology and carrier aggregation
mechanisms into cellular

communication systems becomes highly
needful in order to adequately support
the exponential increase in the predicted
mobile traffic volumes. The main
challenge of mmWave communications
is that there is a risk of increased
attenuation due to rain and oxygen
absorption which could range from 15 to
30 dB/km and higher (Zhao and Li,
2011). Moreover, satellite is seen as
prime option for small cell backhaul for
next generation systems particularly in
no hot spot areas, typically rural
communities where there is the
predominant demand for voice service.
It could also serve as backhaul for small
cells in ships and airplanes. However,
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coronal mass ejections (CMEs) events
could occur alone or in association with
solar flare. When these solar events
happen their impact could be detrimental
to satellites and global communications
systems.

Although, research efforts, have
been carried out in (Lubritto, 2011; Yu,
et al., 2015), on the effects of some of
the climate change variables on energy
consumption and production. However,
it is not very clear to what extent for
example, how 1°C increase in climate
temperature will affect the energy
consumption. Therefore, based on extant
literature  survey, examination of
secondary data sources, simulation and
modeling, this paper presents a study on
the effect of climate change on energy
consumption of telecommunication base
stations, global energy production and
mmWave communication.

Methodology

In this paper, we consider a
telecommunication macro base station
(BTS) consisting of three main

— Processing

segments: the transmission equipment
(TE), cooling and auxilliary equipment
(AE). The TE includes the power
amplifiers (PA), transcivers (TX), digital
signal processing (DSP) and rectifiers;
cooling include the air conditionning
systems or the fan and the AE are
basically the lightining bulbs and
security alarms. In addition, backhaling
such as the point-to-point or point-to-
multi-point micorwave antennas may be
present at the BTS sites where fiber
cables are not avaialble. Fig 1 shows the
block digaram of a typical BTS
equipment considered. Among these
components, the AC and power
amplifiers conribute the larger share of
the power consumption. High efficient
power amplifiers has been developed
and currently in deployment, however,
high operating back off and heat
dissipation gives rise to non linearity
effect which leads to poor power

effiency Mp, and increased power
consumption (Auer et al., 2011).
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1
1
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Figure 1: Block diagram of base transceiver station (BTS)
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The power consumption of a PA is
deﬁned by B’A = Bmt /luPA (l_é}eed) .

Depending on the climatic condition,
system topologies and location, active
cooling systems are ususally used to
regulate the internal temperature of the

equipment and battery backup are
placed. Table 1 show base station types,
their coverage, power consumption and
cooling requirement. The AC consumes
about 50% of the total power of the
BTS (Spagnuolo et al., 2015).

shelter or room where the radio
Table 1: Base Station Types
Base Station BS  Coverage Radiated Power
Type Power (W) Consumption (W)
Indoor Outdoor
Macro <35 km - 5-40 1000 - 5000
Micro <2km - 05-2 100 - 300
Pico <200 m 0.1 0.25-2 9-15
Femto 10-15m <0.1 - 6-14
Base Station Power Consumption This is a relatively high value but
Model common in tropic areas. This high
Power consumption models are temperature would require more
used to determine the power cooling which may subsequently

consumption of the BTS. To that end,
we utilize some simple and validated
power consumption models presented
by (Auer, 2011; Deruynk, 2011; Faruk
et al., 2013). For our simulation, we
assumed the power consumption of
rectifier (s) to be constant over time.
The internal temperature of the base
station shelter is assumed to be 25°C.

increase the power consumption. The
air conditioning power is not constant
but varies over the BTS traffic load and
outdoor temperature. The outdoor
temperature varies with time of the day,
month, year and location. The BTS
power, P* (in watts) is obtained as:

PPTS(F) = Py (f Ty (D) + Peyot (F T, (D) + Y Pauis (1)

and

i=1

PE[f’];n (t)] = nsect()r X(f X (nTX X (PPA + PTRX/RF ) + PDSP) + Prec) -|- zPilink (2)
i=1

N 1S the number of sectors,

where

f  the load factor representing the

number of active users, M;y the

number of transmitting antennas,
& plink

PPA s PRF s PDSP s PI'EC s ZIPl and

P, are the power consumption (in
watt) of PA, the transceiver, the DSP,
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rectifier, the microwave backhaul link
and the cooling. We analyzed the power
consumption by modeling the whole
BTS power consumption using the
simulation parameters stated in Table 2.
Cooling Load Model and Climate
Factor

Indoor temperature (7, ) between 0-

30°C do not have significant impact on
the transmission equipment’s power
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consumption (Yu et al, 2015),
although, it could affect the battery life
of the backup storage. The effect could
however manifest when the T, exceeds
40 °C due to heat dissipated by the
transmission  equipment. The  air
conditioning is then used to maintain
the indoor temperature of the BTS
shelter below 30°C. Increase in outdoor
temperature (7,,) on the other hand

causes rise in power consumption of
AC (Yu et al., 2015), this implies that

Tou, is the main contributing factor to
AC’s  power  consumption and
ultimately the overall BTS. Therefore,
to maintain a required7 ,, , the AC will

have to remove heat generated outdoor.
The cooling load of the AC includes
(Spagnuolo et al., 2015; Wang et al.,
2011).
The Transmission Load

This is responsible for the heat gain
due to temperature difference across the
BTS shelter and is given by:

¢T =AS XUX(]:)M _Zn) (3)

Infiltration Load

This is the heat gain due to inflow
of outdoor air to the shelter though
cracks or any air leakage and is given
by:

¢ =q,c,px@,, -T,) (4)

¢mol (t) = AS X U X (To
®)

-T,)+q,c,px(T

ut

out T‘m) + hqvp X (W

Latent Load

This is the heat gain due to change
in humidity between indoor and
outdoor and is computed using equation
4):
¢L = hqvpx(Woul _VVln) (5)
Solar Load

This is the heat gain due to solar
radiation transmitted and absorbed by
the shelter and is computed using
equation (6):
¢ =GAx(1- ) ©)

Internal Load

This is the heat gain due to heat
dissipation by the transmission
equipment and is computed using
equation (7):
¢1nt = GlightF(t) + Co AS (7)
where:
AU.q,.¢.p MW, W, G, A LG
F(t)and ¢, are the area of the shelter,
transmittance of the shelter wall,
volumetric air flow rate, specific heat
capacity of air, air density, change in
enthalpy between indoor and outdoor,
outdoor specific humidity, indoor specific
humidity, solar power that arrives on one
m* of soil, actual area affected by solar
radiation, reflectivity of the external wall,
total light wattage, lighting use factor and
coefficient respectively.

Therefore, using equations (3)-(7),
the total cooling load (W) is obtained
as;

light *

out _‘/th) + GA X (1_ ﬂ) + Glight

Assuming the infiltration, internal, solar and latent loads to be constant, K then,

equation (8) can be written as;

¢conl(t) = AS XUX(T:)ut _Zn)_i_K

€))

F@)+c,Ag
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To simplify this further, we assume
the indoor temperature is uniform
through the entire shelter and the
external temperature is homogeneous
whereby, effects due to wind is
neglected. Due to the increase in carbon
dioxide and other heat trapping gases as
the results of human activities, research
outcomes has shown that the world
would likely continue to get warmer
and the increase in average temperature
could be between 1.1 to 5.4 °C and
higher (David, 2016). Therefore, this
increase in temperature is expected to
affect the overall power consumption of
the BTS. We model this effect by
introducing a climate factor, X , which
represent the increase in average
outdoor temperature due to global

¢60()l (t) = AS XU X (5T + Z) + K

Where JI is the current difference
between the indoor and outdoor
temperature.
Simulation Parameters

This study considered 3-sectors
LTE BTS with 10 MHz bandwidth and
2x2 MIMO systems. We considered
different PA efficiencies (PAE) value
for the BTS of 38.8%, 31.1% and
12.8%. Feeder loss factor of 0.5 and
BTS transmitter power is 20 W. We
also assumed that the power
consumption of these auxiliary
equipment is negligible compared to the
transmission equipment power. Table 2
provides the simulation parameters and
power consumption information for

climate change. Therefore, equation (9) each BTS component used.
can be written as:
Table 2 Simulation Parameters
Component Value
Area of the shelter (A,) 30 m?
Reflectivity (A;) 0.7975
Area of AC window 0.1 m?
Indoor Temperature (7;,) 25°C
Transmittance (U) 0.7 W/(m* K)
Digital signal processing 100 W
Power amplifier 103.09 W (38.8% eff)
Transceiver (RF) 100 W
Rectifier 100 W
Air conditioning Class A (2500W), Class B (1170W),
Class C (225 W)
Backhaul 60 W
Results and Discussion need for active cooling systems.
The results show that load However, in tropical and dry climate

dependent power consumption for the
BTS obtained with the highest at peak
load is 1.89 kW using highly efficient
power amplifier of 38.8% efficiency
without any active cooling. This type of
scenario is favored in regions with
continental or polar climates where the
average outdoor temperature is usually
a sub-zero temperature and there is no
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regions, active cooling is needed to
maintain the indoor temperature below
30°C, as such, the BTS power increased
to 2.12 kW, 3.06 kW and 4.39 kW
when class C, B and A active cooling
systems are used on the site
respectively, as shown in Fig 2. These
values are within the values obtained in
various literatures obtained in Table 3.

(10)



We also investigated the impact of
amplifier efficiency on the
overall power consumption of the BTS.
It was discovered that the active cooling
system have significant impact on the

power

FARUK et al.

the amplifier. Enormous energy could
be saved by deploying much smaller
base stations that would require less
cooling than striving for highly efficient
amplifiers.

power consumed when compared with

4.5

12.8% PA, Class B cooling
31.1% PA Class B coeling
38.8% PA Class B cooling
=% 33.8% P& Class C cooling
—¥r— 33.8% PA, No cooling

=—8— 38.3% PA, Class A cooling

0.4
Load factor, f

0

L 06 07 08 09

Figure 2: Power consumption of base station as a function of power amplifier efficiency and air

conditioning

Table 3: Power Consumption range for Macro base stations

Publications Power (W) Comments

Auer et al. (2011) 964.9-1350 2X2 10 MHz MIMO, 3 sector BTS with PAE of
38.8% and 31.1%.

Spagnuolo et al. 1700-4900 Measured hourly average power range based on six

(2015) MBS in Central Italy.

Deruyck et al. 1672.6 1TRX, 3 sector BTS with 12.8% PAE and 225 W

(2011) active cooling

Faruk et al. (2013) 5760-8580 Measured BTS site for MTN network in Nigeria.

Lubritto et al. (2011)  3000-4640

Site configurations including: 2G 9TRX
900BAND, 36TRX 1800BAND and 3G network
Measured BTS site for Vodafone, H3G, Telecom
and Wind networks in South, Center and North
Italy.

The impact of thermal transmittance
and change in outdoor temperatures on
the transmission load was also
investigated as presented in Fig 3. The

thermal transmitter, U , indicates the
rate of heat flow through the BTS
shelter as a function of change in
outdoor temperature. Higher
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transmittance indicates poor insulation.
Typical examples of materials are clay
bricks, concrete block and glass with U
values of 0.7 W/m®, 1.1 W/m* and 5.7
W/m? respectively. Indoor temperature
of 25°C was maintained, Fig 3 shows
that the heat flow into the shelter
increases with increase in change in
temperature and this varies as a
function of the material used for the

4500 T

shelter. In polar region where the
outdoor temperature is -25°C, the heat
flow is 0 W, while for tropical dry
climate of 40°C, the Qr is 315 W. At
1°C increase in outdoor temperature,
the resultant, 47 = 16 °C and the heat
flow through the shelter increases by
6.25% which subsequently demand for
more cooling.

U=0.7 W/Km? S
4000 | reeereees U=1.0 WKm2
----- U=1.5 W/Km?
3800 | coooens e & WK .t
_ 2
s000| T U=3.5WiKm +F
+  U=4.5 WKm? +F
2500 | —€— U=5.5 W/Km? + =¥
z + * w X
=, + ®
< 2000} + x X i
k.4 *-""
+F el .
1500 | x X ettt .
" x et *
ot " ——
1000 T T
500 Bt

3T [°C]

25

Figure 3: Heat Flux as a function of change in ambient and outside temperatures and

Thermal transmittance.

We examined how the thermal
transmitter U , and the change in
temperature & impact on the overall
power consumption of the BTS as
shown in Fig 4. In this scenario, we
assume BTS shelter with 0.7 W/m®
transmittance (Spagnuolo et al. 2015),
surprisingly; the climate factor ()

does not have significant effect on low
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active cooling systems such as 225 W
ACs. The effect could be noticeable on
high class cooling system where the AC
consume above 1 kW of power.
However, this is expected to manifest
even on low cooling systems when poor
insulators are used for the shelter (i.e.
U>1 W/m?).
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----- Class A coaling, =1
i i N I Class A coaling, =05
3_ —+— Class B cooling

| | | Class C cooling

1 [°Cl
Figure 4: Power consumption of 2X2, 3 sector MIMO BTS as a function of climate
factor () and the AC cooling class.
Figures 5 and 6 show the effects of atmospheric absorption and rain on mmWave
frequencies. In Fig 5, frequencies 57-64 GHz, 164-200 GHz, 320-330 GHz and 370-
390 GHz bands are more susceptible to severe oxygen absorption and water vapor
absorption.
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0 20 40 &0 B0 100120 140 160 180 200 220 240 260 280 300 320 340 360 380400

Frequency (GHz)

Figure 5: Atmospheric Absorption across mmWave Frequencies in dB/km
(Rappaport, 2011).
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Figure 6: Rain Attenuation in dB/km across Frequency at Various Rainfall Rates

(Zhao and Li, 2011).

We examined the occurrence
frequency of CMEs during solar cycle
23, sunspot number and the solar radio
flux are obtained from the world data
center of the National Centers for
Environmental Information (NOAA)
while CME occurrence is from
(Richardson and Cane, 2010). The
occurrence frequencies of these events
were plotted per year during solar cycle
23 (1996-2009) as shown in Fig.7. It
will be observed that the frequency of
occurrence is symmetric with the
occurrence of sunspot (SSN) and solar

radio flux (F.10). Solar radio flux also
correlates well with a number of
ultraviolet (UV) and visible solar
irradiance records. Many Ultra-Violet
emissions that affect the stratosphere
and ozone also correlate with the F10.7
index. From the perspective of solar
disturbances such as CMEs the
frequency of occurrence as in Fig 7
serve as a guide in knowing when to
expect the influence of extraterrestrial
disruptions to satellite when satellites
are deployed as prime option for small
cell backhaul.
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Figure 7: Symmetric Distribution of interplanetary coronal mass ejection (ICME) with
sunspot number (SSN) and Mean 10.7cm radio Flux during solar cycle 23 (1996-2009).
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Conclusions

This research establishes the effect
of climate change variables on energy
production and energy consumption of
telecommunication base stations. The
impact of climate change on energy
production was found to vary from one
country to the other. This also depends
on the level of development, the main
type of energy generation mechanism
and the mitigation and adaptation
measure that are in place. In terms of
energy consumption, energy demand of
base stations was found to increase with
increase in temperature due to cooling
requirement. Enormous energy could be
saved by deploying much smaller base
stations that would require less cooling
than striving for highly efficient
amplifiers.

This paper shows that with 1°C
increase in outdoor temperature, the
resultant heat flow through the BTS
shelter increases by 6.25% which
subsequently demand for more cooling.
The effect of this increase could be
noticeable on high class cooling system
where the AC consume above 1kW of
power. However, with low cooling
systems (<1kW), more heat will
dissipate when poor insulators are used
for the shelter (ie. U>1 W/m?).
Therefore, in order to minimize
excessive  energy  waste  from
conditioning, the BTS shelters should
be designed with good insulation and
material with low thermal conductivity.
The research shows the importance of
taking climate change variables into
consideration when planning next
generation cellular networks for
sustainable development.
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