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Fig. 3 The structure of a proposed EV dispatch module 
 
3.1 EV (and EV owner) part 

The ATD slot and initial SOC derive from this first 
part. 
1) Mobile apps 

A mobile app based on the Android, Apple or 
Windows (Phone) operating system (OS) was developed 
with a graphic I/O interface for EV owners. The app is 
installed on an owner mobile and provides options to set 
the ATD for EV charging. The ATD default value and 
estimated duration are available based on the initial SOC 
obtained from OBD-II and charging power level at the 
charger. 
2) OBD-II connector 

The SOC is obtained by the OBD-II connector and a 
Bluetooth communicator is installed at the connector to 
make it possible to transmit the SOC data to the mobile 
app and charger. However, the SOC data can also be 
transmitted to the charger by cable and thus a Bluetooth 
receiver is not essential in the charger. 

The above information is communicated to the 
database in the remote logic module. The structure of the 
database is discussed in the logic module part. 
3.2 Infrastructure part 
3) Charger 

The EV charger is installed at a fixed location and the 
charging power level is also fixed according to certain 
standards. When an EV is connected to the charger, the 
charger is able to identify the connection and send 
relevant information, such as EV connection node, power 
level, start time and SOC to the logic module. 
3.3 Logic module part 
4) Logic computer 

In this part, �� ��EVP l  is the actual EV charging power 

at time l and �� ��max
EVP l  and �� ��min

EVP l  are the maximum 
and minimum adjustable limits of EV charging power. 
When a large number of EVs are integrated on the load 
side, for example in future power networks, the 
maximum and minimum limits should also be considered 
for load control and DSM.  

If it is assumed that the same EV in Section 2.2 is used, 
and Scenario 3 in Fig. 1 is considered as the discrete 
charging profile, then �� ��EVP l , �� ��max

EVP l  and �� ��min
EVP l  

within the ATD can be shown as follows: 
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(1) 

where 0, 4, and 7 refer to the charging power at the start 
of each time interval. The unit is kW as shown in Fig. 2. 

If the EV is charging at 21:00 and 1:00, and the 
minimum limit is 0 the dispatch could reduce charging 
demand. The maximum limit remains at the power levels 
specified in [17] before the EV is fully charged. It 
decreases to 0 after being fully charged, meaning that the 
dispatch could not improve the load by EV charging 
demand. In this case, there is only one EV and the 
dispatch can only choose the charging power as 0, 7 or 4. 
With more EVs, the dispatch will be able to change the 
charging power to any value. 

If the EV is charging as in Scenario 2, the maximum 
limit remains at 7 and the minimum limit at 0 from 18:00 
to 05:00. At time 05:00, both the maximum limit and 
minimum limit will be 4 since the EV has to be fully 
charged by the end of the ATD. This means in practice 
that the power system dispatch is not able to change the 
EV charging power. 
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Fig. 9 Optimised charging profile for minimum payment with limits 

In Fig. 7, the optimised result is not a flat line. The 
peak-valley difference is 49 kW and the standard 
deviation is 39.7%, both as a consequence of the ATD, as 
in Fig. 6. Since the charging duration of each vehicle 
must be within its own ATD, this limits the optimisation 
result. 

In Fig. 8, the optimised curve and the maximum limit 
curve overlap in some areas, meaning there is no upward 
adjustable margin. In power system dispatch, this means 
that system dispatch is unable to augment EV charging 
demand at that moment. 

In comparison to Fig. 9 it can be concluded that when 
real-time EV charging demand changes (the system 
dispatch changes the EV charging demand), the 
adjustable margin also changes. In Fig. 9, the optimised 
curve reaches the peak at 23:00 since there are more EVs 
that start charging after 18:00 with short estimated 
charging duration and the electricity tariff after 22:00 is 
low. 

In comparison to previous studies [7, 8, 13], two more 
curves are obtained in Fig. 8 and Fig. 9, which are the 
maximum and minimum adjustable limits. The two 
limits provide decision-making support for practical 
power system dispatch or energy market management. In 
Fig. 8, for instance from 6:00 to 15:00, the energy system 
dispatch is able to adjust the EV charging demand with 
the adjustable margin to participate in DSM. 
Furthermore, taking 9:00 in Fig. 8 as an example, the 
optimised demand is roughly 50 kW, with a margin 
between 23 kW and 101 kW, which can be considered as 
an EV-charging-based energy system operating reserve 
for 1 hour long. Therefore, in terms of real application, 
the system dispatch is able to increase or decrease the EV 
demand to benefit from energy trading and power 
bidding. 

By using multi-objective optimisation of a flat EV 
charging profile and minimum payment, the peak will 
drop since the electricity prices from 22:00 to 06:00 are 
identical. 

In this case, the saving for a flat line objective is 57.3% 
of the maximum saving; and for minimum payment, the 
saving is 59.4% of the maximum. The calculated saving 
cannot reach a maximum due to the use of an ATD. 
When there is a maximum payment saving, the charging 
duration should be within the lowest electricity tariff 
duration, from 22:00 to 06:00, which is possible in any 
realistic evening period but not possible in this case since 
the ATD is generated randomly by a discrete uniform 
distribution function in MATLAB. 

An example of static and real-time tables are shown in 
the Appendix. 

Based on this simulation, it can be concluded that the 
proposed online algorithm is a feasible approach to solve 
the EV dispatch problem. The calculation results for EV 
charging power and maximum and minimum adjustable 
limits can be part of decision-making support for power 
system dispatch. In conjunction with an electricity tariff, 
savings of each vehicle can also obtained, which could 
feasibly motivate EV owners to participate in active 
dispatch. 
5.2.2 Computational efficiency 

In this study, the simulation was executed on a PC 
with Intel Xeon CPU E3-1220 v3 and 16 GB RAM. The 
calculation time is shown in Table 4 and its trend is 
shown in Fig. 10. 
Table 4 The calculation time of the online algorithm 
EV numbers Min payment 

calculation time (s) 
Flat line calculation time 

(s) 
1 0.332 0.390 

100 0.403 2.094 
1 000 0.733 5.357 
10 000 13.983 54.031 

500 000 619.427 2699.71 
1 500 000 1854.595 8098.21 

 

 
Fig. 10 Calculation time trend with respect to EV numbers 

From Table 4 and Fig. 10 it is apparent that calculation 
time increases with a rise in EV numbers; if the EV 
number is < 10 thousand, the total calculation duration is 
< 1 minute.  

There are two published sources which predict EV 
numbers in the UK (by 2020) as 500 thousand [4] and 
1.5 million [32]. With 500 thousand EVs, the calculation 
duration is approximately 10 minutes for a minimum 
payment objective and roughly 45 minutes for a flat line 
objective. When there are 1.5 million EVs, the 
calculation duration is approximately 31 minutes for a 
minimum payment objective and 135 minutes for a flat 
line objective. 

In EV dispatch, the practical objective for EV dispatch 
is usually combined with load profile [2, 7, 8, 10, 13, 30]. 
In the UK, load profile is normally published every 30 
minutes [33] or 15 minutes [34]. In day-ahead scheduling, 
a 1 hour interval is also considered [7, 13, 30].  

In this study, the computational efficiency is related to 
the number of EVs, discrete intervals and solution 
algorithm. When there are more EVs and shorter discrete 
intervals, the calculation time will be longer. Using more 
efficient meta-heuristic methods would improve 
computational efficiency [30]. By considering the (time) 
interval of the start time and tariff in this study, if the 
total operation time of the proposed EV dispatch module 
is within 1 hour, it can therefore be defined as feasible 
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for calculation within each time interval. 
The total operation time of the proposed EV dispatch 

module should also consider the mobile app time delay. 
The total operation time is discussed in next section. 
5.3 Mobile app time delay 

An Android mobile app was developed on the Eclipse 
Kepler platform to test the mobile app time delay. The 
communication time delay has not been included in this 
study. A PC (server) platform was used with Intel Xeon 
CPU E5-1620 0 and 8 GB RAM and the XAMPP server 
used as the database. The results are shown in Table 5. 
Table 5 Transmission time delay 
EV numbers Time delay 

(s) 
Total time for min 

payment (s) 
Total time for 

flat line (s) 
1 0.175 0.507 0.565 

100 0.235 0.638 2.329 
1 000 0.364 1.097 5.721 
10 000 4.024 18.187 58.235 

500 000 203.372 822.802 2903.085 
1 500 000 609.876 2464.471 8708.086 

 
In Table 5, the time delay is affected by network signal 

intensity, download and upload speed and CPU speed 
and RAM size. If a low EV penetration and limited use 
of the proposed app are assumed, the time delays of 
large-scale EVs are estimated by the message size and 
download speed. 

From Table 5 it can be determined that when EV 
numbers are < 10 thousand, the total time delay is < 1 
minute. With 500 thousand EVs, the total time delay is 
approximately 14 minutes for a minimum payment 
objective and roughly 48 minutes for a flat line objective. 
With 1.5 million EVs, the total delay time is 
approximately 41 minutes for a minimum payment 
objective and roughly 145 minutes for a flat line 
objective. Also, the total operation time for a single EV 
optimisation is only about 0.5-0.6 second. 

As discussed in Section 4, there are two operating 
processes in the proposed MRS2R online algorithm. The 
multi-EV reference process runs every time interval or a 
few times in a day. If it runs every time interval, that is 1 
hour in this study, the total operation time of the 
algorithm should be within 1 hour. However, currently, 
the proposed algorithm is not feasible for 1.5 million 
EVs and flat line optimisation (quadratic programming) 
objective. It is therefore proposed that the algorithm run 
2-8 times a day to work out a reference profile. 
Otherwise, a more powerful platform or more efficient 
solving algorithm should be adopted. 

The single-EV real-time response process runs when 
there is an EV connected to the grid, which is set as a 
request to the server for single EV optimisation. The total 
operation time is only 0.5-0.6 second which is short 
enough for the convenience of app users. 
6 Further discussions 
6.1 Influence of data security 

According to Fig. 3, there is capital and information 
flow through a mobile app. The security and privacy 
protection of monetary transactions and other sensitive 
data movement is beyond the scope of this paper. In 
terms of information flow, two parameters are 
transmitted, the initial SOC and the ATD.  

Many mobile applications offer a function to 
remember login credentials for ease of use, which means 

that the same operation can also be performed by 
illegitimate parties once a device is lost or stolen. The 
developed application has to contend with the same issue 
that the integrity of transmitted SOC and ATD data might 
be compromised in theft cases unless the user prefers to 
type in personal credentials each time. Several 
countermeasures can be implemented to address this 
issue which includes data-driven [35] and event-driven 
implicit authentication [36]. The chosen authentication 
module is able to operate transparently in the background 
and monitor the trust level of a user all the time. The 
server can determine whether to authenticate the user or 
not based on this trust level. 

Also, a compromise of data integrity is possible during 
communications, which is widely known as a 
man-in-the-middle (MiTM) attack [37]. A MiTM is 
usually conducted by the attacker in a LAN environment. 
Thus, strong encryption and mutual authentication 
techniques should be implemented to protect the integrity 
of data such as Transport Layer Security (TLS) and 
Pretty Good Privacy (PGP). 

By considering the optimised profile in Fig. 7, when 
the SOC and ATD data are secured and correct, an 
optimised result can be obtained.  

If the SOC data is changed to be smaller than its actual 
value, the battery might be over-charged after the SOC 
reaches 100%, which can be harmful to EV batteries, 
unless protected. If the SOC data is changed to be larger 
than its actual value, the EV charging will be incomplete, 
which would compromise owner requirements. 

If the ATD data is changed to be larger than the setting 
value, optimisation might be more flexible with greater 
savings. However, owners are not guaranteed to get their 
car fully charged when next trip starts. If ATD data is 
changed to be smaller than the setting value, dispatch 
flexibility will be suppressed. If the duration is set as 
only one interval, the charging power may be very high, 
resulting in negative effect on the load curve. 

If the integrity of the SOC and ATD are both 
compromised, for example 0% SOC and only 1 interval 
for the ATD, this means all connected EVs will receive 
1C [32] current charging at the same time. In particular, 
if the Northern Ireland (NI) power system load profile 
[33] in Fig. 11 is considered with all EVs charging at 
17:00, the load peak will be substantially increased. 

 
Fig. 11 NI winter load demand 

In Fig. 11, the peak-valley difference increase around 
90.4% from 1006.2 MW to 1916.18 MW, which would 
aggravate power flow as well as limit generator ramping. 
Moreover, in this situation, power system dispatch would 
be unable to adjust EV power and payment from EV 
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