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Abstract

Vehicle-to-Grid (V2G) technology can be used to interconnect electric or plug in hybrid vehicles with the power grid by either deliver-
ing electricity and level peak demands or by throttling their charging rate. Two types of wireless communications are required to a
V2G system. The communications between the Aggregator, an intermediate entity, and the Control Center which will be realized
through |EEE 802.16-2004 (802.16d) and between Aggregator and the Electric Vehicles which will be realized through vehicular
communications (IEEE 802.11p). In this paper the two wireless communication protocols, needed for the V2G system to operate, are
presented and evaluated, taking into consideration the energy consumption.

1. INTRODUCTION

V2G concept is based on the fact that most ve-
hicles are parked an average of 95 percent of their
time, so their batteries could be used to let electric-
ity flow from the vehicles to the power lines and
back. The introduction of V2G concept has been
the subject of several publications [1], [2]. Electric
vehicles can be connected to the electric network
either in the residences of their holders, either in
public spaces such as underground parking stati-
ons, airports, commercial centers etc., participating
this way in power market and more specifically,
depending their contract, to the peak power, ancil-
lary services and regulation power market.

|EEE 802.16-2004 (802.16d) WiMAX [3] allows
for an efficient use of bandwidth in a wide frequency
range and can be used as a last mile solution for
broadband internet access. IEEE 802.11p standard
is being considered as a promising wireless tech-
nology for enhancing transportation safety and pro-
vides safety related services like collision avoidance
and emergency breaking.

The main contribution from this paper is the en-
ergy consumption analysis and evaluation of IEEE
802.11p for the communication between the Aggre-
gator and the EVs. and WiMAX for the communica-
tion link between Control Center to Aggregator.

2.V2G ARCHITECTURE DESIGN

The V2G concept operates when a vehicle is
parked, plugged in to the electricity grid and acces-

ses a broadband connection. The V2G wireless
communications architecture is shown in Fig. 1.
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Figure 1. V2G Wireless Communication Architecture

The real time information is exchanged among
the Control Centre, the Aggregator and vehicles,
and the security requirements consist of source au-
thentication, message integrity, replay attack resis-
tance, and privacy protection. The V2G communi-
cation have the crucial requirements of fast authen-
tication and encryption/ decryption, high bandwidth,
low latency, interoperability, high reliability and ac-
curacy and non-restrictive distance limits [4].

3. WIRELESS PROTOCOLS

The |IEEE 802.16 standard was firstly designed
to address communications with direct visibility in
the frequency band from 10 to 66 GHz. The last re-
vision of this specification is better known as |EEE
802.16-2004. The WIMAX standard defines the air
interface for the IEEE 802.16-2004 specification
working in the frequency band 2-11 GHz. |IEEE
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802.11p standard is being considered as a promis-
ing wireless technology for enhancing transporta-
tion safety and provides safety related services like
collision avoidance and emergency breaking. At
first this includes data exchange between high-
speed vehicles and between the vehicles and the
roadside infrastructure in the licensed ITS band of
5.9 GHz.

AGGREGATOR

Figure 2. V2G IEEE 802.11p Communication scheme

4. ENERGY CONSUMPTION

The global Information and Communication
Technology (ICT) industry is a fast growing con-
tributor to the world wide greenhouse gas emis-
sions, currently it has a footprint of about 2%. More
importantly, this number is expected to grow drasti-
cally in the coming years. According authors at [5]
the energy consumption of terminals is negligible
with respect to the energy consumptions of the net-
works. Consequently, this study is focused on the
base stations since the terminals in vehicular com-
munications are placed in vehicles and powered
from their batteries.

The power consumption of the entire base sta-
tion in Watt will be:

Pel = nsector '(PEL/AMP + PEL/TRANS + PEL/PROC + PEL/RECT)
+PEL/MICRO + I:)EL/AIRCO (l)
with n the number of sectors in the cell,

sector
P:.,ave the power consumption of the power ampli-
fier, Pe rrans the power consumption of the trans-

ceiver responsible for receiving and sending of
signals to the terminals stations), Pg, proc the po-

wer consumption of the digital signal processing
responsible for system processing and coding,
P recr the power consumption of the rectifier,
Pemicro the power consumption of the microwave

link responsible for communication with the back-
haul network, Py ,arcothe power consumption of

the air conditioning.
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The values of the WiMAX and IEEE 80211.p ba-
se station equipment can be found in Table 1. The-
se values are retrieved from data sheets of various
manufacturers of network equipment.

Table 1. Power consumption for the equipment
of the base station

Equipment IEEE 802.16d | IEEE 802.11p
Power Amplifier 100 W 80 W
Transceiver 100 W 45W
Digital signal processing 380 W 300 W
Rectifier 80 W 80 W
Microwave link 0w 70w
Air conditioning 600 W 400 W

4.1. Range calculation

The next step for the determination of energy
consumption of the wireless access technologies is
to set up a link budget in order to relate the power
consumption with the maximum wireless range of
the base station. A link budget is the accounting of
all of the gains and losses from the transmitter,
through the medium (free space, cable, waveguide,
fiber, etc.) to the receiver in a telecommunication
system. Firstly, there is a need to calculate the ma-
ximum path loss PLmax (in dB) to which a transmit-
ted signal can be subjected while still being detect-
able at the receiver. To determine the maximum
path loss (PLmax) the parameters of [3],[6] were ta-
ken under consideration. Once the maximum path
loss PLmax is known, the range in metres by using a
path loss model can be determined

Firstly, a path loss PLmed function for WIMAX Er-
ceg C model and in continuation for 802.11p model
is given. For a given close-in reference distance d,

the median path loss (PL in dB) is given by the
following equation

PLyeo =A+10y|oglodi+s ford>d, (2)

0
where A = 20log,,(41dy/A), (A is being the wave-
length in m), y is the path-loss exponent with
y= (a-b’h,+c/h,) for h, between 10m and 80m (h,
is the height of the base station in m), d,=100m

and a, b, ¢ are constants dependent on the terrain
category. The path loss model with the correction
terms would be

PL_, =PL+APL, +APL, (3)

where PL is the path loss given in (2), APL; (in dB)
is the frequency correction term given by
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APL, = 6 logy, (f/2000) (4)

where f is the frequency in MHz, and APL, (in dB) is
the receive antenna height correction term given by

APL,=-10.8l0g,(h/2) (5)

for Categories A and B

APL,=-20l0g.(n/2) (6)

for Category C, where h is the receiver antenna
height between 2m and 10m. For the 801.11p, we
examine the case where the vehicle has no eye
contact with the Aggregator’s antenna, for example
when the EVs are parked in underground parking
stations. The log-distance path loss model is em-
ployed and the equation is:

PL,.p = PL, + 10y/ogdg +X, (7)

0

where pL,,_ is the total path loss measured in De-
cibel (dB), PL, is the path loss at the reference dis-

tance do, d is the length of the path, do is the refer-
ence distance, usually 1 km, y is the path loss ex-
ponent, Xq is the normal random variable with zero
mean, reflecting the attenuation caused by flat fad-
ing. In case of no fading, this variable is 0. In case
of only shadow fading or slow fading, this random
variable may have Gaussian distribution with stan-
dard deviation in dB, resulting in log-normal distri-
bution of the received power in Watt.

5. RESULTS

This section provides computation results in or-
der to evaluate power consumption with range de-
pendence of the two wireless communication proto-
cols in the V2G environment. In the most simple
situation, the base station uses only one antenna
for transmission and the mobile station uses only
one antenna for receiving. The number of sectors
was set to two Regarding the communication link
between the Aggregator and the Control Center, we
used the Erceg C model with the middle category
(Category B). The operating frequency was set at
3.5 GHz with % cycle prefix, 3.5 MHz channel band-
width, transmitter antenna height is 30m and we
considered 10m antenna height for receiver. The
shadowing margin which depends on the standard
deviation of the path loss model was found 12 dB.
For the link between the Aggregator and the EVs
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the operating frequency was set to 5.9 GHz with
400 ns RMS delay spread. Figure 3 shows the
power consumption of the base station (Pe) needed
from the electricity grid (in Watt) as a function of the
range R (in metres) for the 802.16d and 802.11p
technologies respectively. The power consumption
of Wimax is higher than the 802.11p because of the
different power consumption of the equipment and
the different range of the base station.
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Figure 3. Power consumption vs Range for Wimax
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Figure 4. Power consumption vs Range for IEEE 802.11p

6. CONCLUSIONS

This article presents the power consumption
evaluation of two different wireless communication
protocols enabling the Control Center-to-Aggregator
and the Aggregator-to-Evs communication respec-
tively. As a first step in the evaluation Fixed WIMAX
was explored for communication between Control
Center-to- Aggregator at 3.5 GHz. Erceg C model
was used to describe the path loss attenuation. As
a second step, 802.11p standard was tested in N-
LOS paths representing parked vehicles in under-
ground stations. Log-distance path loss model was
used to describe the path loss attenuation. Our
results have shown that the power consumption is
related to the coverage of their base stations and at
the maximum range is higher than the power con-
sumption at the minimum range.


http://en.wikipedia.org/wiki/Path_loss
http://en.wikipedia.org/wiki/Decibel
http://en.wikipedia.org/wiki/Decibel
http://en.wikipedia.org/wiki/Path_loss
http://en.wikipedia.org/wiki/Path_loss
http://en.wikipedia.org/wiki/Normal_random_variable
http://en.wikipedia.org/wiki/Mean
http://en.wikipedia.org/wiki/Flat_fading
http://en.wikipedia.org/wiki/Flat_fading
http://en.wikipedia.org/wiki/Shadow_fading
http://en.wikipedia.org/wiki/Slow_fading
http://en.wikipedia.org/wiki/Gaussian_distribution
http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Standard_deviation
http://en.wikipedia.org/wiki/Decibel
http://en.wikipedia.org/wiki/Log-normal_distribution
http://en.wikipedia.org/wiki/Log-normal_distribution

CEMA’12 conference, Athens, Greece

References

[1] P.Lopes, F.Soares, P. Almeida,‘Integration of Electric
Vehicles in the Electric Power System”, Proceedings of
the IEEE, Volume 99, Issue: 1 pp. 168 — 183, 2011

[2] Yonghua Song; Xia Yang; Zongxiang Lu; , "Integration of
plug-in hybrid and electric vehicles: Experience from Chi-
na," Power and Energy Society General Meeting, 2010
IEEE , vol., no., pp.1-6, July 2010

[3] IEEE std 802.16 -2004 (Revision of IEEE std 802.16-
2001, |EEE, Part 16: Air Interface for Fixed Broadband
Wireless Access Systems, 2004

[4]

[5]

[6]

11

Huaqun Guo, Fan Yu, W. C. Wong, Vivy Suhendra, and Y.
D. Wu.. "Secure wireless communication platform for EV-
to-Grid research". 6th International Wireless Communica-
tions and Mobile Computing Conference (IWCMC '10).
New York, USA

Margot Deruyck, Emmeric Tanghe, Wout Joseph, Luc
Martens ‘Modelling and optimization of power consump-
tion in wireless access networks’ ELSEVIER Computer
Communications 2036-2046.

|IEEE P802.11p/D0.26, Jan. 2006, “Part 11: Wireless LAN
Medium Access Control (MAC) and Physical Layer (PHY)
Specifications, Amendment 3: Wireless Access in Vehicu-
lar Environments



