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Abstract

This document contains description of an experimental software for solving optimization
problem OPT by randomized heuristic RH. The problem and the heuristic are described in
Deliverables 4.3 and 4.4. Problem OPT assumes fast-charging technology which is currently
in use in the city of Minsk, Belarus. The problem is to determine a fleet of electric buses,
places for charging stations and transformers, assignment of charging stations to the selected
places, assignment of charging stations to the transformers and assignment of charging stations
to the routes such that all electric buses can feasibly drive, the required traffic (inter-bus)
interval is maintained, and the output power of any transformer is not exceeded. The objective
is to maximize the total value, provided that the total capital cost and the total operating,
depreciation and energy cost do not exceed their upper bounds. The total passenger demand

satisfied by the electric buses is considered as the value to be maximized.
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1 Computer implementation of RH

Algorithm RH is implemented in C++ for Windows. It can be used as an executable file
mobopt.exe or as a DLL-file moboptdll.dll. These files can be used on a PC of a standard

configuration. Parameters of the command line for mobopt.exe are:
e Full name of directory with input data.
e Full name of directory with configuration file probl.ini.

For  example: d:/gn/soft/bat_dll/mobopt.exe  d:/gn/soft/mobility/mobopt/Minsk//
d:/gn/soft/mobility/mobopt, where d:/gn/soft/bat_dll is the directory with mobopt.eze,
d:/gn/soft/mobility/mobopt/Minsk/j is the directory with the input data, and
d:/gn/soft/mobility /mobopt is the directory with the configuration file probl.ini.

From Python, mobopt.eze can be executed in the following way:

import subprocess

argexe="d:/gn/soft/mobility /mobopt/bc/mobopt.exe’

argl="d:/gn/soft/mobility/mobopt/Minsk/}’

arg2="d:/gn/soft/mobility/mobopt/bc’

args = argexe + argl+ arg?2

p=subprocess. Popen(args, shell = False)

p.wait()

ret=p.poll()

File moboptdll.dll contains function MOBOPT, whose prototype is int MOBOPT(char *
dir,char * dir_ini), where dir is the full name of the directory with the input data and dir_ini
is the full name of the directory with the configuration file probl.ini. The return code of the
function MOBOPT is equal to 0 if the optimization was successful. In this case, all the output
information is placed into the file solution.out in the text format and in the file solution.json
in the JSON format in the directory dir. If the return code is not 0, then the corresponding
error information is placed into the file errors.out in the directory dir. An example of calling
the function MOBOPT from Python (32-bit) is given below.

import ctypes

mobDll=ctypes. WinDLL(" d:/gn/soft/bat_dll/moboptdll.dll")

from ctypes import *

pl=create_string_buffer(b" d: /gn/soft/mobility /mobopt/Minsk/}")

p2=create_string_buffer(b" d: /gn/soft/mobility /mobopt/bc" )

ret=mobDI. MOBOPT(p1,p2)

File probl.ini is used for setting the following parameters:
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e json — format of the input data, json € {0,1,2}, where
json = 0 if the input data are in the text format,
json =1 if the input data are in the JSON format in separate files,
json = 2 if the input data are in the JSON format in one file.

json = 2 is the default value.
e nit — maximum number of iterations of RH, nit = 10000 is the default value.
e max_time — maximum calculation time in seconds, maz_time = 600 is the default value.

e m — number of links of any charging station location with the transformers, m =1 is the

default value.
e w — control parameter w of the PSO method, w = 0.729 is the default value.
e fiP — control parameter ¢, of the PSO method, fiP = 1.49445 is the default value.

e fiG — control parameter ¢, of the PSO method, fiP = 1.49445 is the default value.

e nit_non — maximum number of iterations of RH without improving the objective function
value, nit_non = 200 is the default value.
e meth — type of execution, meth € {0,6,7,24,25,50,51,52, 53,54}, where
meth = 0 if the optimization is executed for all routes and e-buses,

meth = 6 if the optimization is executed for one route specified by the parameter

route,

meth = 7 if the optimization is executed for one route specified by the parameter

route and one e-bus specified by the parameter e — bus,

meth = 24 if the optimization is executed for the set of routes specified by the

parameter routes,

meth = 25 if the optimization is executed for the set of routes specified by the

parameter routes route and the set of e-buses specified by the parameter e — buses,

meth = 50 if no optimization is executed and only transformation of the input text

files to the separate json files is fulfilled,

meth = 51 if no optimization is executed and only transformation of the input text

files to a single json file is fulfilled,

meth = 52 if no optimization is executed and only files routesi.txt and eroutes.tzt are

formed,
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meth = 53 if no optimization is executed and only files routesi.txt and eroutes.tazt are

formed and transformed into separate json files,

meth = 54 if no optimization is executed and only files routesi.tzt and eroutes.tzt are

formed and transformed into a single json file,

meth = 0 is the default value.

route — short name of the route selected for conversion,

e ¢ — bus — short name of the e-bus type selected for conversion,

routes — list of short names of routes selected for conversion,

e ¢ — buses — list of short names of e-bus types selected for conversion.

Remark. GUI application (file moboptv.exe) is also available. The application supports

progress dialogue, viewing and printing of the intermediate optimization results.

2 Formats of input files

Two formats of the input files are implemented. One of them is the JSON format, see
http://www.json.org/index.html for the description, and the other is a simple text format. If
the input parameter json = 2, then the file problem.json is transformed into the following
files: probl.json, stations.json, buses.json, cbuses.json, nodes_st.json, graph.json, transf.json,
nodes_nm.json, nodes_ch_time.json, croutes.json, tdepots.json, busesi.json and buses2.json. If
the parameter form_ind in the file problem.json is equal to 0, then additional files routesi.json
and eroutes.json are created. Otherwise, only file routes.json is formed. After that, each of
these files is converted into the corresponding text file. Finally, the data from the text files
are imported and analysed for errors. If there are errors, then the information about them is

placed into the file errors.out in the directory specified by the parameter dir.

2.1 Input file in JSON format

If the input data are prepared in the JSON format in separated files, then their names must
be the following: probl.json, stations.json, buses.json, cbuses.json, nodes_st.json, graph.json,
transf.json, nodes_ch_time.json, tdepots.json, and routes.json, or routesi.json and eroutes.json.
File croutes.json is created only if there are routes already served by e-buses. File croutes.json
is created only if there are routes already served by e-buses. File nodes_nm.json is prepared
only if the sets N M, are non-empty. Files busesi.json and buses2.json are prepared only if the

sets By and By, respectively, are non-empty.
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File probl.json includes values of the following parameters: m — number of links of any
location with a new charging station with the transformer nodes, ucc — upper bound on the
total capital cost, uoc — upper bound on the total operating, depreciation and energy cost, dtp
— duration of the decisive time period, and form_ind — type of specification of eligible drive
indicators. If form_ind=1, then the eligible drive indicators are calculated. Otherwise, they are
taken from the file eroutes.json. For example:

{

"m': 2,

"ued”: 10000000,

"uod”: 5000000,

"dtp”: 180,

"form_ind": 1

}

File stations.json describes the set C' of charging stations and defines values of the following
parameters: fn_c — full name of the charging station type ¢, sn_c — short name, po_c — nominal
power of any station, cc_cap_c — capital cost of any station, cc_ope_c — operating and depreciation
cost of any station. For example:

{"¢": [

"fn_d": " Charging station 1",

"sn_d": "CS1",

"po_d": 200,

"ec_cap_d’: 250000,

"ce_ope_d’: 5000

}
I}

File buses.json describes the set B of e-bus types and defines values of the following param-
eters: fn_b — full name of the e-bus type b, sn_c — short name, cap_b — passenger capacity of any
e-bus, cv_cap_b — capital cost of any e-bus, and C_b — array of the short names of the eligible
charging stations. For example:

{ //B//., [{

"fn_b": " Vitovt Max Electro E433",

HSTLJ)H ; //E433//

"eap b': 153,

"ev_cap_: 475000,

" C,b” ; [// CS]I/]

}

I}
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File cbuses.json describes the set VC of the conventional vehicle types and defines values
of the following parameters: fn_b — full name of the conventional vehicle type b, sn_c — short
name, and cap_b — passenger capacity of any vehicle. For example:

{rver: |

"fn_b": " Diesel bus MAZ-103",

"sn b "M105",

"eap t': 100

¥

I}

File nodes_st.json describes the set N P of the parent nodes and defines values of the following
parameters: fn_p — full name of the parent node p, sn_p — short name, C_p — array of the charging
station types eligible for opening at p, nc_pc — array of the numbers nc,. of old charging stations
at p, uc_pc — array of the upper bounds uc,. on the number of charging stations of type c to be
opened at p. For example:

NP [

"fn_p”: " Vaneevad”,

"sn_p": "V,

"Cp': ["CST,

"ne_pd”: (1],

T p': [

¥

I}

File graph.json describes the set NN of the network GG and defines values of the following
parameters: fn_j — full name of the node j, sn_j — short name, sn_j_p — short name of the parent
node p(j), and type_j — type of the node (1 for depots, 2 for terminal stops and 3 for regular
stops). For example:

[N [

"fn_g’: " Vaneeva-Depot”,

"sn_g': " Vaneeva-D",

"sn_gp’: "V,

"type_y': 1

¥

I}

File transf.json describes the set T of transformer nodes and defines values of the following
parameters: fn_q — full name of the transformer node ¢, sn_g — short name, o_q — transformer
electrical output power, cb_q — transformer capital (building) cost, oo_q — transformer electrical

power that is used to supply old charging stations, sn_gp — — array of the short names of
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eligible non-transformer parent nodes p, and cl_gp — array of the costs of connection of eligible
non-transformer parent nodes p with the transformer node ¢q. For example:

{"EE": [{

"fn_q": " Vaneeva-Transformer 1",

"sn_q": " Vaneeva-T1",

"o_q": 800,

"eb ' 0,

"oo_q": 200,

"sn_qp”: ["V],

"elgp: (0]

¥

I}

If the parameter form_ind in the file probl.json is equal to 0, then the route set R is described
in the file routes.json. Otherwise, its description is in the files routesi.json and eroutes.json.

File routes.json defines values of the following parameters: fn_r — full name of the route r,
sn_r — short name, w_r — preference coefficient, ut_r — upper bound on the average length of
the traffic interval of all e-buses and conventional buses of any type, s.r — array of the short
names of the nodes in r, [_.r — array of the distances between the nodes in r, B_r — array of
the short names of the e-bus types eligible for the route, nbo_rb — array of the numbers nbo,;,
of old e-buses of type b serving the route, dm_rb — array of the single-charge ranges (maximal
single-charge travel distances) of e-buses of type b, ce_rb — array of the operating, depreciation
and energy costs cvyp , d_rb — array of the durations d,;, of any single cycle of any e-bus eligible
for the route, do_rb — array of the durations do,, of any single cycle of any old e-bus eligible for
the route, VC_r — array of short names of the types of conventional vehicles serving the route,
nvc_rb — array of the numbers nvc,;, of conventional vehicles serving the route, and doc_rb —
array of the durations dc,, of any single cycle of conventional vehicles serving the route. For
example:

{"Rr": [{

"fn_r": " Railway Station - DS Viasnjankd’,

"sn_r": "ALY,

w1,

"ut": 18,

"s”: ["Vaneeva-D" )" Kira-T"," Vias-T")" Kira-T"],

"I (7,9,9),

"B ["E488" ) E420" ) E321" ) E490"," T32100D" ) T42005D"],

"nbo_rb": [4,0,0,0,0,0],

"dm_rt": [15,20,30,25,16,15],
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" eerll': [268880,209520,209520,168400,209520,209520),
"d_rd': [60,60,60,60,60,60),

"do_rt": [72,72,72,72,72,72],

MVO: [P M103"" M1035"),

"nuc_rb”: 3,2,

"doc_rt": [60,60)

}

I}

Eligible drive indicators for each route are formed based on the arrays [_r and dm_rb.

File routesi.json defines values of the following parameters: fn_r — full name of the route r,
sn_r — short name, w_r — preference coefficient, ut_r — upper bound on the average length of the
traffic interval of all e-buses and conventional buses of any type, s_r — array of the short names
of the nodes in r, B_r — array of the short names of the e-bus types eligible for the route, nbo_rb
— array of the numbers nbo,, of old e-buses of type b serving the route, ce_rb — array of the
operating, depreciation and energy costs cvyp , d-rb — array of the durations d,, of any single
cycle of any e-bus eligible for the route, do_rb — array of the durations do,, of any single cycle
of any old e-bus eligible for the route, VC_r — array of short names of the types of conventional
vehicles serving the route, nvc_rb — array of the numbers nwvc,, of conventional vehicles serving
the route, and doc_rb — array of the durations dc,, of any single cycle of conventional vehicles
serving the route.

For example:

LR [

"fn_r": " Railway Station - DS Viasnjankad”,

"sn_r": AL,

w1,

"Tut_r": 18,

"s”: ["Vaneeva-D" " Kira-T"," Vias-T"," Kira-T"],

"I [7,9,9],

"B ["E438" ) E420" ) E321" ) E490"," T32100D" )" T42005D"],

"nbo_rb": [4,0,0,0,0,0],

"dm_rt": [15,20,30,25,16,15],

"ee_rb”: [268880,209520,209520,168400,209520,209520],

"d_rt": [60,60,60,60,60,60],

"do_rt": [72,72,72,72,72,72),

"VCA: ["M103" )" M1055"],

"nuc_rb”: 3,2,

"doc_rt": [60,60)
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}
I}

File eroutes.json defines the following parameters for each route: sn_r — short name of the
route r and arrays e_rb_1,....e_rb_n of eligible drive indicators for each e-bus type b_h, where n
is the number of e-bus types eligible for serving route r. The array e_rb_h is a 0-1 vector of
length k, where £ is equal to the number of stops in the route r minus 1. Element (4, j) of this
vector is equal to 1 if and only e-bus of type b_h can drive from stop ¢ to stop j of the route r,
provided that it is charged at stop <.

For example:

{"ER": [{

//877,,71/.' ”A]”,

e rb_1": [0,1,0,1,0,1,1,1,0],
e rb 2': [0,1,1,1,0,1,1,1,0],
e rb.3': [0,1,1,1,0,1,1,1,0],
e rbf": [0,1,1,1,0,1,1,1,0],
e rb §': [0,1,0,1,0,1,1,1,0],
erb_6": [0,1,0,1,0,1,1,1,0)

}
I}

File nodes_ch_time.json describes charging times for the set NP of the parent nodes and
defines: sn_p — short name of the parent node p, and ct_pbc — array of the charging times ct .,
ce€ Cp, be B,.. For example:

{"CT_NP": [{

"sn_p": "V,

"etopb_1": 6,6,10,6,40,30]

¥

I}

File croutes.json is formed if there are routes that are already served by e-buses. It describes
charging station types associated with nodes of each route served by e-buses. This file contains
the following information: sn_r — short name of the route, and c_r — array of the short names
of the existing charging station types associated with each node from 7. = (jo, j1,...,j.). If
no station is opened at a parent node of node jj, then string ”"-1” is used as the corresponding
name. For example:

{"co'

"sno: ALY,

e [MCS1") CS1") CS1"]

}

10
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I}

File tdepots.json describes the set N D of depot nodes and defines: sn_j — short name of the
tdepot

all e-buses assigned to the depot at nodej j € ND are in this depot. For example:
{7 [
"sn_j': " Vaneeva-D",
"t_depot_j’: 240
}
I}

File nodes_.nm.json describes sets NM, of “obligatory” nodes for an e-bus of type b and

depot node j, and t_depot_j — duration ¢ of a time interval of maximum length, in which

defines: sn_b — short name of the e-bus type b, and sn_b_j — array of the short names of the
nodes from NN such that if j belongs to r to be served by an e-bus of type b, then at least one
charging station of type ¢ € Cj, must be opened at parent node p(j). For example:

{"NM_Y": [{

"sn b "E433",

"sn_b_j": " Kira-D"," Vias-S"]

H

File busesi.json describes the set B; of e-buses with batteries which have enough capacity
to drive with a single charge at the corresponding depot during the day and defines sn_b — array
of the short names of the e-bus types from B;. For example:

{"B-1": {

"sn b ["E420"]

¥

ki

File buses2.json describes the set By of e-buses with one charge at the corresponding depot
and one charge at a non-depot node during the day and defines sn_b — array of the short names
of the e-bus types from B,. For example:

{"B.2": {

"sn b': ["E333"]

¥

ki

2.2 Input files in text format

If input data are prepared in the text format, then the following files must be pre-
pared: probl.txt, stations.tzt, buses.txt, cbuses.txt, nodes_st.txt, graph.tat, transf.txt, routes.tat,
nodes_ch_time.txt, and tdepots.txt. File croutes.txt is created only if there are routes already

served by e-buses. File nodes_.nm.tzt is prepared only if the sets N M, are non-empty. Files

11
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busesl.txt and buses2.txt are prepared only if the sets By and B, are non-empty, respectively.
Each file can include comments. The comments must start with the symbols // and be placed
in the beginning of the file. The main body of the file starts with a new line immediately after
the comments. Values of different input parameters are separated by the comma symbol.

File probl.tat consists of one row with the following values: number m of links of any new
charging station with the transformer nodes, upper bound ucc on the total capital cost, upper
bound woc on the total operating, depreciation and energy cost, duration dtp of the decisive
time period, and type form;nd of specification of eligible drive indicators. If form_ind=1, then
eligible drive indicators are calculated. Otherwise, they are taken from the file eroutes.tzt. For
example:

2,10000000,5000000,180,1

File stations.tzxt consists of one row for each element of the set C. Each row contains: full
name of the charging station type, short name of the charging station type, nominal power po,,
capital cost cct® and operating and depreciation cost cc?¢. For example:

Charging station 1,CS1,200,250000,5000

File buses.txt consists of two rows for each element of the set B. The first row contains:
full name of the e-bus type, short name of the e-bus type, passenger capacity capy, capital cost
cv;®. The second row contains the short names of the eligible charging stations for the e-bus
type. For example:

Vitovt Max FElectro E433,FE433,153,475000

CS1

File cbuses.txt consists of one row for each element of the set VC of conventional vehicle
types. FEach row contains: full name of the conventional vehicle type, short name of the
conventional vehicle type, and passenger capacity cap,. For example:

Diesel bus MAZ-103,M103,100

File nodes_st.tzt consists of 4 rows for each element of the set NP of parent nodes. First
row contains full name of parent a node p and short name of this node. Next rows contain
short names of the eligible charging station types, numbers nc,. of the old charging stations
and the upper bounds ucy.. For example:

Vaneeva, V/

CS1

1

4

File graph.tzt consists of one row for each element of the set NN. Each row contains: full
name of the node, short name of node, short name of the parent node and the node type (1 for
the depot node, 2 for the terminal node and 3 for the en route node). For example:

Vaneeva-Depot, Vaneeva-D, V, 1

12
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Kira-Terminal, Kira-T, Kira, 2

Ch.Ri-Stop, Ch.Ri-S,Ch.Ri,3

File transf.txt consists of 3 rows for each element of the set T'. The first row contains: full
name of the transformer, short name of the transformer, transformer electrical output power
04, transformer capital (building) cost ¢b, (0 if it has already been built), and already used
transformer electrical power oo, to supply old charging stations. The second row contains short
names of the non-transformer parent nodes eligible for linking with the transformer node. The
third row contains costs of connection of nodes in the second row with the transformer node (0
if the corresponding connection exists). For example:

Vias-Transformer 1, Vias-T1,800,0,200

Vias

0

If the parameter form_ind in the file probl.tzt is equal to 0, then the set R of the routes is
described in the file routes.tzt. Otherwise, its description has to be in the files routesi.tzt and
eroutes.tat.

File routes.txt consists of 12 rows for each route of the set R. The rows contain:

e row 1: full name of the route, short name of the route, preference coefficient w,, and

upper bound ut,.
e row 2: sequence 7, = (jo, j1,- - -, Jr) of short names of the nodes.
e row 3: distances between stops (nodes).
e row 4: short names of e-bus types eligible for the route.
e row 5: numbers nbo,, of old e-buses serving the route.
e row 6: maximal distance of e-buses eligible for the route, without recharging.
e row 7: operating, depreciation and energy cost cvyy”.
e row 8: durations d,.
e row 9: durations do,y.
e row 10: short names of conventional vehicle types serving the route.

e row 11: numbers nvc,, of conventional vehicles.

e row 12: durations dc,.

13
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For example:
Railway Station - DS Viasnjanka,A1,1,18
Vaneeva-D, Kira-T, Vias-T, Kira-T
7,9,9
E}33 E420,E321,E490,T32100D,T42003D
4,0,0,0,0,0
15,20,50,25,16,15
268880,209520,209520,168400,209520,209520
60,60,60,60,60,60
72,72,72,72,72,72
M103,M1035
3,2
60,60

File routesi.txt consists of 10 rows for each route of the set R. The rows contain:

e row 1: full name of the route, short name of the route, preference coefficient w,, and

upper bound ut,.
e row 2: sequence 7, = (jo, j1,-- -, Jr) of short names of the nodes.
e row 3: short names of e-bus types eligible for the route.
e row 4: numbers nbo,, of old e-buses serving the route.
e row 5: operating, depreciation and energy costs cviy .
e row 6: durations d,.
e row 7: durations do,y.
e row 8: short names of conventional vehicle types serving the route.
e row 9: numbers nvc,; of conventional vehicles.

e row 10: durations dc,y.

For example:
Railway Station - DS Viasnjanka,A1,1,18
Vaneeva-D, Kira-T, Vias-T, Kira-T
E}33 E420,E321,E490,T32100D,T42003D
4,0,0,0,0,0
268880,209520,209520,168400,209520,209520

14
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60,60,60,60,60,60

72,72,72,72,72,72

M103,M1035

3,2

60,60

The file eroutes.tzt consists of 1+ |B,| rows for r € R. The first row contains short name of
route 7. Each row from the next |B,| rows contains eligible drive indicators ei,(; jy, for route r
and each b € B,. Values ei,(; ;) are defined by a 0-1 matrix of dimension m x m, where m is
equal to the number of stops in the route minus 1. Element (7, j) of this matrix is equal to 1 if
e-bus of type b can drive to from stop ¢ to stop j of route r if it is charged at stop ¢, and it is
equal to 0, otherwise. For example:

Al

0,1,0,1,0,1,1,1,0

0,1,1,1,0,1,1,1,0

0,1,1,1,0,1,1,1,0

0,1,1,1,0,1,1,1,0

0,1,0,1,0,1,1,1,0

0,1,0,1,0,1,1,1,0

File nodes_ch_time.txt consists of 1 + |C,| rows for p € NP. The first row contains short
name of the parent node p. Each row from the next |C,| rows contains charging times ct,. of
e-buses at charging station of type c € C, for each b € (. For example:

V

6,6,10,6,40,30

File croutes.txt is created only if there are routes that are already served by the e-buses. It
describes charging stations that have already been opened at the nodes belonging to the routes
from R. It consists of two rows for each route. The first row contains short name of the route
r. The second row contains short names of the charging stations opened at the corresponding
parent node for each node from m,. = (jo, j1,...,j-). If no station is opened for some node j,
then symbols ”-1" are used as the short name. For example:

Al

CS1,051,-1

File tdepots.tat consists of one row for each element from the set ND of depot nodes. The
row for node j contains short name of the depot node and the duration t;lep " in minutes. For
example:

Vaneeva-D,240

File stops obl.txt consists of two rows for each set N M, of “obligatory” nodes for e-bus of

type b. The first row contains only the short name of the e-bus type b. The second row contains

15



B ot

P mT h elfope Y
73
[e]e) -
L &

short names of the nodes 7 € NN. If node j belongs to a route to be served by an e-bus of type
b, then at least one charging station of type ¢ € Cj, must be opened at node p(j). For example:

E433

Kira-D, Vias-S

File busesl consists of one row with short names of e-bus types from the set B; associated
with batteries having enough capacity to drive with a single charge at a depot during the day.
For example:

E}20

File buses2.txt consists of one row with short names of e-bus types from the set By associated
with batteries having enough capacity to drive with one charge at a depot and one charge at a
non-depot node during the day. For example:

E353

3 Formats of output files

Two formats of the output file are implemented. One of them is the JSON format, and the

second is a simple text format.

3.1 Output file in JSON format

Object Solutions defines output objects CR and X for each of the obtained solutions. The
object CR defines values of the following parameters: V' — total value V' (X), C'C — total capital
cost CC(X), and OC — total operating, depreciation and energy cost OC(X). For example:

{ "CR":{ "V': 1260, "CC": 7.88¢+006, "OC": 3.01224e+006 } '}

Object X defines values of the following parameters: R_X — routes selected for the intro-
duction of e-buses and their parameters, S — charging stations to be opened and transformers
to be built, and T" — power requirements for the transformers.

Object R_X defines values of the following parameters for each route r: r — full name of the
route, ATE_r — length of the traffic interval, Z_r — total passenger demand to be satisfied by
the new e-buses, NV_r — total number of new buses, B_r — full names of the e-bus types, NV_rb
— numbers of new e-buses of each type b, CH — nodes where new e-buses will be charged for
each route and e-bus type, t — recommended departure order for all the vehicles. For example:

{ "RX": [ { "":"Slavinskogo - Old Airport’, "ATE": 7, "Z.1": 1260, "NV_1":
16, "B.1": ["Vitovt Electro E420"," Model E321") Vitovt Mini FElectro E490"], "NV_rb":

[1,6,9], "CH': [ {"V':"Vitovt Electro E420", "Nbcr":[  {"c": " Charging station 1")j’:
Kazlova-Depot(Kazlova)},  {"d': "Charging station 1")7": " KalSlav-Terminal(KalSlav)"},
{"d": "Charging station 1")"{": " Aeral-Terminal(Aeral)"}} |, "': [ "ES321", "E490",
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"E490", "E321", "E490", "E490", "E321", "E490", "E321", "E420", "E490", "E490", "E321",
"E490", "E490", "ES321"]  } ]}

Object S defines values of the following parameters: p — full name of the parent node p, ¢
— full type names of new charging stations, NC_pc — numbers of new charging stations, L_p —
full names of transformer types to be connected with the parent node. For example:

{ 78" [ {"p": "Kazlovd","d": ["Charging station 1"],”NC_pc": [1], "Lp": ["Kazlova-
Transformer 1", Kazlova- Transformer 2'1} |}

Object T defines the list of full names of the types of new transformers. For example:

{ "T': [ "Vaneeva-Transformer 1", " Vaneeva-Transformer 2" | }

Object T'P defines values of the following parameters: ¢ — full name of the transformer type,

and TP_q — total transformer power requirement. For example:
{ "TP": [ {"{": " Vaneeva-Transformer 1", " TP_¢': 200}, {"q': " Vaneeva-Transformer
2/ "TP.¢": 200 | }

3.2 Output files in text format

All the obtained solutions are placed into the unique file solution.out. The output for each so-
lution includes: values V' (z), CC(z) and OC|(x); selected routes for the introduction of e-buses;
places for new charging stations and transformers; power requirement for each transformer.

For each selected route, the output is:

e Sequence of stops.

e Selected e-bus types.

e Numbers of new e-buses of each type.

e Total passenger capacity of new e-buses.

e Capital cost of new e-buses.

e Operating and energy cost of new e-buses.

e Conventional vehicle types remained in operation.

e Numbers of the remained conventional vehicles of each type.

e Average length of the traffic interval for all vehicles serving the route.
e Parent nodes at which new charging stations have to be opened.

e Recommended departure order of all the vehicles.

17
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4 Input files for Minsk case

4.1 Input file problem.json for Minsk case

"probl”:

//m//: 2,

"ucc”: 1e+007,
"uoc”: 5e+006,
"dtp”: 180,
"form_ind”: 1

bl
HSE%ECAO S//:

"fn_c”: "Charging station 1”,

//SH*C//: //CSl//
"po_c”: 200,
"ce_cap_c”: 250000,
"cec_ope_c”: 5000

}

I}

" I/

(TR

"th_b”: "Vitovt Max Electro E433",
"sn_b": "E433",

"cap_b”: 153,

"ev_cap_b”: 475000,
//Cib//: [//CSl//]

b

{

"tn_b”: "Vitovt Electro E420”,
”Snfb//: //E420//’

"cap_b”: 87,

"ev_cap_b”: 350000,

chb”: [//CSl//]

Y

{

"tn_b”: "Model E321",
"sn b "E321”,
"cap_b”: 83,
"ev_cap_b”: 400000,
//Cib//: [//CSl//]

Y

{

"fn_b”: "Vitovt Mini Electro E490”,
”SH,b/,: ,/E490/,,

"capb": 75,

"ev_cap_b”: 400000,

//Cib//: [//CSl//]
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{

"fn_b"”: "Trolleybus 32100D",
"sn b': "T32100D",

"cap_b”: 85,

"ev_cap_b”: 370000,

IlC,b//: [l/CSll/]

Y

{

"fn_b"”: "Trolleybus 42003D",
"sn_b": "T42003D",

"cap_b”: 85,

"cv_cap_b”: 400000,

IlC,bI/: [//CSl//]

}

I}

”{’V,%iglgs’f:{

"fn_b”: "Diesel bus MAZ-103",
"sn_b"”: "M103",

"cap_b”: 100

}

Y

{

"fn_b": "Diesel bus MAZ-1035",
"sn_b"”: "M1035",

"cap_b”: 160

b

{

"tn_b”: "Trolleybus model 420",
"sn_b": "T4207,

"cap_b”: 115

)

{

"fn_b"”: "Trolleybus model 333",
"sn_b": "T333",

"cap_b”: 170

}

I}

"charging stops”:
{ //NPH: [{

"fn_p”: "Vaneeva”,
//Sn,p/,: //v//,
//Cip//: [//CSl//]’
"ne_pc”: [1],
"uc_pc”: [4]

b

"tn_p”: "Kirava”,
”Snfp//: //j[{ira,//7
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chp”: [//CSl//]
"ne_pc”: [1],
"uc_pc”: 4]

b

"fn_p”: "Viasnjanka”
”Snfp//: //ViaS//
//Cip//: I://(jS]‘//jI7
"ne_pc”: [1],
"uc_pc”: 4]

b

"fn_p”: " Akvapark”,
”SH,pNI //Akva//’
//07 //: //CSl// ,
//ncp //[ 0 ]
pc”: [0],
"uc_pc”: [4]

b

/{/fn p//. //RKMc//
//Snip//., //RKMC//’
//C,b//:' [//CSl//] ’
"ne_pc”: (0],
"uc_pc”: [4]

b

{

"fn_p”: "Ch.Rinok”,
"sn_p”: "Ch.Ri"
I/C,p”: [//CSl//] ’
"ne_pc”: (0],
"uc_pc”: [4]

Y

"tn_p”: "Loshica2”,
"sn_p”: "Losh?2”,
//07 //: //CSl//
Ilncp //[ 0 :I,
-pc”: 0],
"uc_pc”: [4]

Y

"fn_p”: "Masukovscina”,

”SH p//, //Masu//
//C,i)/,:‘ [//CSl//] ’
"ne_pc”: (0],
"uc_pc”: [4]

—

{
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//fn p//, //V//
//Snip//., //VS’//
I/C,i:)”:' Ii//CSl,//]7
"ne_pc”: (0],
"uc_pc”: [4]

Y

{

"fn_p”: "DS Searjabrjanka”,
"sn_p”: "DS Sera”

//C,p//: [//CS]_//:I, ’
"ne_pc”: [0],

"uc_pc”: [4]

Y

"fn_p”: "AV Centralny”,
”SH p//, //AV Ca//
//Cii)//:‘ [//CSl//:I’ ’
"ne_pc”: (0],

"uc_pc”: [4]

)

"th_p"”: "YgoZapad”,
//Sn,p”: //Yzap//
//Cip//: [//CSl//] ’
"ne_pc”: (0],
"uc_pc”: [4]

b

"fn_p”: "Daugbrodskaja”,
”Snfp//: //Daug//

//Cip//: [//CSl//] ’

"ne_pc”: [1],

"uc_pc”: 4]

b

"fn_p”: "Siarova”,
”SH,pHI //Siar//
//Cip//_ [//CSl//?I
"ne_pc”: [1],
"uc_pc”: [4]

b

"fn_p”: "Druznaja”,
HSH,pH: //Druzll
//Cip//, [//(;181//]7
"ne_pc”: [1],
"uc_pc”: [4]

}

21



PLLTeN

Ee
. Edrope
5

Y

"tn_p”: "Karastojanovoy”,

//S]-,1 I:)//, //Kara//
chi)”:‘ [//CSl//],
"ne_pc”: (0],
"uc_pc”: [4]

Y

"tn_p”: "Kazlova”,
//Sn,p/,: //K//
//Cip//: [//CS’l//]
"ne_pc”: (0],
"uc_pc”: [4]

b

"fn_p”: "Suharevob”,
”Snfp//: //Suh5//
//Cip//: I://CSl//]’
"ne_pc”: 0],
"uc_pc”: 4]

b

{
"fn_p”: "Malinovka4”,
/,Snfp//: //Mal4/,7
//07 //: //CSl//
//ncp //[ 0 ]’
-pc”: [0],
"uc_pc”: [4]

b

"fn_p”: "Kalinovskogo”,
"sn_p”: "KalSlav”,
//Cip//: [//CSl//]’
"ne_pc”: (0],

"uc_pc”: [4]

b

"tn_p”: " Aeroprt 1”,
//SIl,p”: //Aeralll
I/C,p”: [//CSl//] ’
"ne_pc”: (0],
"uc_pc”: [4]

Y

"fn_p”: "Vesninka”,
”SIl,p”Z //Vsninll
//C,p//: [//CS 1//] ’
"ne_pc”: (0],
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"tn_p”: "Liabjagiy”,
”Snfp//: //Liab//
//Cip//: I://(jSl//]7
"ne_pc”: (0],
"uc_pc”: [4]

b

{

"fn_p”: "P1Y.Kolasa”,
"sn_p”: "PLY.Kol”,
//Cip//: [//CSl//:I7
"ne_pc”: (0],

"uc_pc”: [4]

b

"tn_p”: "Zdanovichi”,
//SIl,p”I //Zdan//
//C p//, [//CSl//:I’
//ng '//, 0 ’
-pc”: [0],
"uc_pc”: [4]
¥
I}

)
"stops”:

{ //NN//: [{

"fn_j": "Vaneeva-Depot”,

"sn_j"”: "Vaneeva-D”,
”Sl’Lj 7p//: //\///7
"type,j”: 1

Y

"tn_j": "Kazlova-Depot”,

"sn_j": "Kazlova-D”,
”Snfj 7p//: //K//’
thpe,j”: 1

Y

"fn_j”: "Kira-Terminal”,

//Sl’lfj//: NKira—T//,
”SILj,p”Z ”Kira”,
thpe,j”: 2

Y

"fn_j": "Vias-Terminal”,

"sn_j": "Vias-T",
”SH,']. 7p//: //ViaS//’
thpe,j”: 2
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}

b

"fn_j"”: " Akva-Terminal”,
"sn_j”: " Akva-T"

//SIl,j 7p//: //Akva// ’
"typej”: 2

b

{

"fn_j”: "RKMC-Terminal”,
”Snfj”: //RKMC_T//
//SIl,j,p”I //RKMC//7’
"type_j”: 2

b

{

"fn_j”: "Ch.Ri-Terminal”,
"sn i "Ch.Ri-T"
"sn_j_p': HCh.Ri”;
"type_j”: 2

b

"fn_j”: "Losh2-Terminal”,
"sn_j": "Losh2-T",
an,j,p’/’/: "Losh2",
type_j’: 2

b

"fn_j"”: "Masu-Terminal”,
"sn_j”: "Masu-T”,
"sn_jp": "Masu”,
"type_j: 2

b

"fn_j”: "DS Sera-Terminal”,
"sn_j”: "DS Sera-T",
"sn_jp”: "DS Sera”,
"type_j: 2

b

"tn_j": "YZap-Terminal”,
”Snfj " //YZap_T//

HSIl,‘]. 7p//: //Yzap// 7’
"type,j”: 2

Y

{

"fn_j”: "AV Ca-Terminal”,
"sn_j": "AV Ca-T",
an,j,p’/’/: "AV Ca”,
type_j’: 2
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}

b

"fn_j”: "Daug-Terminal”,
”Snfj”: //Daug_T//
//SIl,j,p”I //Daug//’
"typej”: 2

b

"fn_j"”: "Siar-Terminal”,
”Snfj”: //Siar_T//’
//SIl,j,p”I //Siar//’
"type_j': 2

b

"fn_j”: "Druz-Terminal”,
"sn_j”: "Druz-T",
//SIl,j,p”I //DIU_ZN,
"type_j”: 2

b

"fn_j": "Kara-Terminal”,
"sn_j": "Kara-T”,
"sn_jp": "Kara,
"type_j”: 2

b

"fn_j”: "Suhb-Terminal”,
“snj": "Suh5-T”,
xsn,j,p’/’/: "Suhb”,
type_j”: 2

b

"fn_j”: "Mal4-Terminal”,
”Snfj //: //Mal4_T//
"sn_j_p": "Mald” :
"type_j: 2

b

"fn_j”: "KalSlav-Terminal”,
"sn_j": "KalSlav-T",
"sn_j_p”: "KalSlav”,
"type,j”: 2

)
"tn_j": " Aeral-Terminal”,
"sn_j”: " Aeral-T",

HSILj,pNZ ”Aeral”,
"type,j”: 2
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}

b

"fn_j”: "Vsnin-Terminal”,
"sn_j”: "Vsnin-T”,
"sn_j_p”: "Vsnin”,
"typej”: 2

b

"fn_j”: "Liab-Terminal”,
" §": "Liab-T"
//SIl,j,p”I //Lia’b//’
"type i 2

b

{

"fn_j"”: "PL.Y .Kol-Terminal”,
"o i "PLY . Kol-T”,
"sn 3 p: "PLY.Kol",
"type_j”: 2

b

"tn_j": "Zdan-Terminal”,
"sn_j": "Zdan-T",
xsn,j,p’/’/: "7dan”,
type_j”: 2

b

"tn_j": "Vias-Stop”,
"sn_j": "Vias-S”,
//SIl,j,p”Z HViaS”,
"type_j: 3

b

"tn_j": "Vias-Stop-2”,
"sn_j": "Vias-S2",
//SIl,j,p”I HViaS”,
"type_j: 3

b

{

"fn_j": "Ch.Ri-Stop”,
"sn_j”: "Ch.Ri-S"”
"sn_j_p': //Ch.RiN’,
"type,j”: 3

Y

{

"fn_j”: "Ch.Ri-Stop-2”,
"sn_j”: "Ch.Ri-S2”,
"sn_jp": "Ch.Ri",
"type_j”: 3
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}

b

’{’fnj”: "V-Stop”,
”SH,j”I //V_S//
//Snfjfp”: //\///’7
"type_j”: 3

b

{

”fILj”Z ”V-Stop—Q”,
”Sn,j”: AV
HSIl,j,p”: AV ’
”type,j”: 3

b

{

"fn_j”: "AV Ca-Stop”,
"sn_j”: "AV Ca-S",
an,j,p’/’/: "AV Ca”,
type_j”: 3

b

{

"tn_j”: "AV Ca-Stop-2”,
"sn_j”: "AV Ca-S2”,
xsn,j,p’/’/: "AV Ca”,
type_j”: 3

b

"fn_j"”: "Druz-Stop”,
"sn_j”: "Druz-S”
HSIl,j,p”' //DI'UZ”’
"type_j: 3

b

"fn_j": "Druz-Stop-2”,
"sn_j": "Druz-S2”,
//SIL‘].,pNZ "Druz”,
"type_j: 3

I}
" tg%]nﬁ,f,(:)rﬁers’ .

"fn_q": "Vaneeva-Transformer 1”,
"sn_q": "Vaneeva-T1”,

"o_q": 800,

"ehq": 0,

"00_q": 200,

"sn_qp”': ["V//],

el _qp: [0]

Y
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"fn_q”: "Vaneeva-Transformer 2",
"sn_q": "Vaneeva-T2",

"o_q": 800,

"ehoq”: 0,

"00_q": 200,

"sn_qp”: [”V//],

el qp”: [0]

)

"fn_q”: "Kira-Transformer 17,
"sn_q”: "Kira-T1”,

"o_q": 800,

"eh_q": 0,

"00_q": 200,

"sn_qp”: [”Kira”],

"el_qp: [0]

b

"fn_q": "Kira-Transformer 2",
"sn_q": "Kira-T2",

"o_q": 800,

"ehq": 0,

"00_q": 200,

"sn_qp”": [”Kira”],

el_qp': [0]

b

"tn_q": "Vias-Transformer 1”7,
"sn_q”: "Vias-T1”,

"o_q": 800,

"eh.q”: 0,

"00_q": 200,

”SIl,qp”Z Iill\/'ialsll]7

el qp”: [0]

}

Y

"tn_q": "Vias-Transformer 2",
::sn,%”: "Vias-T2",

//07q :// 800,

//Cbiq//: gbo

0o_q": ,

"sn_qp”: [”Vias”],

el qp”: [0]

Y

"tn_q”: " Akva-Transformer 1”,
"sn_q”: " Akva-T1",

"o_q": 800,

"eb_q”: 200000,
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"00_q": 0
HSII,qp”Z [//Akva//]7
"cl_qp”: [5000]

}

b

"tn_q": " Akva-Transformer 2,
i : sn,%[’ ! :8,(/) ékva—TQ’ "

oq”: ,

"eh-q": 200000,

"00.q": 0,

an,q[%’.: [ Akva'],

clqp”: [5000]

Y

{

"tn_q": "RKMC-Transformer 1”,
"sn_q”: "RKMC-T1”,

"o_q": 800,

"eb_q”: 200000,

"00.q": 0,

"sn_qp”: [//RKMC//],

"cl_qp”: [5000]

Y

{

"tn_q": "RKMC-Transformer 2",
"sn_q: "RKMC-T2",

"o_q": 800,

"eb_q”: 200000,

"00_q": 0,

”SH,qp/,S [//RKMC//],

"cl_qp”: [5000]

b

"fn_q”: "Ch.Ri-Transformer 1”,
"sn_q "Ch.Ri-T1",

"o_q": 800,

"eh " 0,

"00.q": 0,

"sn_qp”": [//Ch.Ri”],

"cl_qp”: [5000]

b

"fn_q"”: "Ch.Ri-Transformer 2",
"sn_q”: "Ch.Ri-T2",

"o_q": 800,

"eh.q”: 0,

"00.q": 0,

"sn_qp”: ["Ch.Ri"],

"cl_qp”: [5000]

¥

Y
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"fn_q": "Losh2-Transformer 17,
"sn_q": "Losh2-T1",

"o_q": 800,

"ehoq”: 0,

"00.q": 0,

j : sn,qp,: / : ["Losh2”],

clgqp”: [5000]

)

"fn_q": "Losh2-Transformer 2",
"sn_q": "Losh2-T2",

"o_q": 800,

”cb,q”: 0,

NOO,qH: O,

"sn_qp”: [”LOShQ”],

"cl_qp”: [5000]

b

"fn_q": "Masu-Transformer 1",
"sn_q": "Masu-T1”,

"o_q": 800,

"ehq": 0,

"00.q": 0,

"sn_qp”": [//1\/[asu_//]7

"cl_qp”: [5000]

b

"tn_q"”: "Masu-Transformer 2",
"sn_q”: "Masu-T2",

"o_q": 800,

"eh.q”: 0,

"00.q": 0,

"sn_qp”: ["Masu”],

"cl_qp”: [5000]

Y

"tn_q": "V-Transformer 1”,
”SIl,q//I /I\/‘_’j[‘]_l/7

"o_q": 800,

"cb_q”: 200000,

”OO,q//Z 0

"sn_qp”: E//V//]

"cl_qp”: [5000]

Y

"tn_q": "V-Transformer 2",
//Sn,q//: //V_T2//’

"o_q": 800,

"eb_q”: 200000,
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//OO q//. O
//Sn:qp}/, E/IV//]
"cl_qp”: [5000]
}

b

"fn_q”: "DS Sera-Transformer 1”,
an,%”: "DS Sera-T1”,

o_q": 800,

"eh.q”: 0,

"00.q": 0,

an,q[%’.: ["DS Sera”],

clqp”: [5000]

Y

"tn_q": "DS Sera-Transformer 2",
an,(}”: "DS Sera-T2",

o_q": 800,

"eh.q”: 0,

"00.q": 0,

an,qplj/.: ["DS Sera”],

clgp”: [5000]

}

Y

"tn_q”: "AV Ca-Transformer 17,
"sn_q”: "AV Ca-T1”,

"o_q": 800,

"eb_q”: 200000,

"00_q": 0,

”SH,qp”: [//AV Ca//]’

"cl_qp”: [5000]

b

"tn_q": "AV Ca-Transformer 2",
"sn_q": "AV Ca-T2",

"o0_q": 800,

"eb_q”: 200000,

"00.q": 0,

"sn_qp”": [HAV Ca”],

"cl_qp”: [5000]

b

"tn_q": "YZap-Transformer 1",
xsn,%[”: "YZap-T1",

//Oiq :// 800,

//Cbiq//: 8’

oo_q": 0,

" ~ l/: I/YZ /!

"snqp”: ["YZap],

clqp”: [5000]

Y
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"tn_q": "YZap-Transformer 2",
::sn,(}”: "Y Zap-T2",

//07q :// 800,

//Cbiq//: 87

oo_q": 0,

" K //: //YZ "

//Sn qp//. [ P ]’

clgqp”: [5000]

)

"fn_q": "Daug-Transformer 1”,
"sn_q": "Daug-T1”,

"o_q": 800,

”cb,q”: 0,

"00_q": 200,

"sn_qp”: [”Daug”],

"el_qp: [0]

b

"fn_q": "Daug-Transformer 2",
"sn_q": "Daug-T2",

"o_q": 800,

"ehq": 0,

"00_q": 200,

"sn_qp”": [”Daug”],

el_qp': [0]

b

"fn_q": "Siar-Transformer 1”7,
"sn_q": "Siar-T1”,

"o_q": 800,

"eh.q”: 0,

"00_q": 200,

”SIl,qp”I [I/Siar//]7

el qp”: [0]

¥

Y

"fn_q": "Siar-Transformer 2",
::sn,%”: "Siar-T2",

//07q :// 800,

//Cbiq//: gbo

0o_q": ,

"sn_qp”: [”Siar”],

el qp”: [0]

Y

"fn_q”: "Druz-Transformer 17,
"sn_q”: "Druz-T1”,

"o_q": 800,

"ehoq": 0,

32



PLLTeN

Ee
. Edrope
5

"00_q": 200,
HSH,qp”Z I://Druzll]’
"elqp”: (0]

b

"fn_q”: "Druz-Transformer 2",
"sn_q”: "Druz-T2",

"o_q": 800,

"eh.q”: 0,

"00_q": 200,

"sn_qp'": ["DI“UZ”],

el_qp': [0]

Y

"fn_q": "Kara-Transformer 1”,
"sn_q”: "Kara-T1",

"o_q": 800,

"eh.q”: 0,

"00.q": 0,

"sn_qp'”: [”Kara”],

"cl_qp”: [5000]

Y

"fn_q": "Kara-Transformer 2",
"sn_q”: "Kara-T2",

"o_q": 800,

"eh_q": 0,

"00_q": 0,

”SH,qp”: |://j[{a)ra‘//j|7

"cl_qp”: [5000]

b

"tn_q": "Kazlova-Transformer 1”,
"sn_q": "Kazlova-T1",

"o_q": 800,

"eh " 0,

"00.q": 0

"sn_qp”": iHKH]v

"cl_qp”: [5000]

b

"tn_q": "Kazlova-Transformer 2",
"sn_q": "Kazlova-T2",

"o_q": 800,

"eh.q”: 0,

"00.q": 0

I/SIl,qp”I EI/K//:I’

"el_qp”: [5000]

}

Y
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"fn_q”: "Suh5-Transformer 1”,
::sn,(}”: "Suhb5-T1”,

o_q": 800,

"ehoq”: 0,

"00.q": 0,

" ~ //: //S h5//

//Sn qp//. [ . ]7

clgqp”: [5000]

)

"fn_q"”: "Suh5-Transformer 2",
"sn_q”: "Suh5-T2",

"o_q": 800,

”cb,q”: 0,

NOO,qH: O,

"sn_qp”: [”Suh5”],

"cl_qp”: [5000]

b

"fn_q": "Mal4-Transformer 1”,
"sn_q": "Mal4-T1”,

"o_q": 800,

"ehq": 0,

"00.q": 0,

"sn_qp”": [”Mal4”],

"cl_qp”: [5000]

b

"tn_q": "Mal4-Transformer 2",
xsn,%[”: "Mal4-T2",

o_q": 800,

"ehq": 0,

"00_q": 0,

" K l/: I/M 14//

Ilsn qu, [ “ ]7

clqp”: [5000]

Y

"fn_q": "KalSlav-Transformer 1”,
"sn_q": "KalSlav-T1",

"o_q": 800,

"eh_q": 0,

"00.q": 0,

"sn_qp”: ["KalSlav"],

"cl_qp”: [5000]

Y

"fn_q": "KalSlav-Transformer 2",
"sn_q": "KalSlav-T2",

"o_q": 800,

"ch.q”: 0,
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"00.q": 0

"sn_qp”: ["KalSlav”],
"cl_qp”: [5000]

}

b

"fn_q": " Aeral-Transformer 1”,
"sn_q”: "Aeral-T1”,

"o_q": 800,

"eh.q”: 0,

"00.q": 0,

"sn_qp'": [”Aeral”],

"cl_qp”: [5000]

Y

"tn_q”: " Aeral-Transformer 2",
"sn_q”: "Aeral-T2",

"o_q": 800,

"eh.q”: 0,

"00.q": 0,

an,qplj/.: ["Aeral”],

cl.gp”: [5000]

Y

"fn_q”: "Vsnin-Transformer 1”,
"sn_q”: "Vsnin-T1",

"o_q": 800,

"eb_q”: 200000,

"00_q": 0,

"sn_qp”: ["Vsnin”],

"cl_qp”: [5000]

b

"fn_q”: "Vsnin-Transformer 2,
"sn_q": "Vsnin-T2",

"o_q": 800,

"eb_q”: 200000,

"00.q": 0,

"sn_qp”": [”Vsnin”],

"cl_qp”: [5000]

b

"tn_q”: "Liab-Transformer 1”,
an,%”:ég’(’)%iab—Tl”,

oq": :

"cb_q": 200000,

"00.q": 0,

an,q[%’.: ["Liab"],

clqp”: [5000]

Y
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"fn_q”: "Liab-Transformer 2",
::sn,%”:8/(’)%iab—T2”,

oq”: ,

"cb_q”: 200000,

"00.q": 0,

an,qp,:/.: ["Liab"],

clgqp”: [5000]

)

"fn_q”: "PL.Y.Kol-Transformer 1”,
"sn_q”: "PL.Y .Kol-T1”,

"o_q": 800,

"eb_q”: 200000,

NOO,qH: O,

"sn_qp”: ["PLY.Kol"],

"cl_qp”: [5000]

b

{

"fn_q”: "P1.Y.Kol-Transformer 2",
"sn_q": "PL.Y.Kol-T2",

"o_q": 800,

"eh-q": 200000,

"00.q": 0,

"sn_qp”: ["PLY.Kol"],

"cl_qp”: [5000]

b

"tn_q": "Zdan-Transformer 1”,
an,%”:ég’(%dan—Tl”,

oq": :

"cb_q": 200000,

"00.q": 0,

an,q[%’.: ["Zdan"],

clqp”: [5000]

Y

"tn_q": "Zdan-Transformer 2",
"sn_q": "Zdan-T2",

"o_q": 800,

"cb_q”: 200000,

"00.q": 0,

"sn_qp”: [”Zdan”],

"cl_qp”: [5000]

}
I}
o

"fn_r”: "Railway Station - DS Viasnjanka”,
HSIl,I‘HZ //A]_//7
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"wa': 1,

"at x”: 18,

"s1": ["Vaneeva-D" "Kira-T" "Vias-T" "Kira-T"],

Ma”: 17,9,9],

"B ["EA33" "E420” "E321" "EA90" " T32100D" " T42003D"],
"nbo_rb”: [4,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [60,60,60,60,60,60],

"dorb”: [72,72,72,72,72,72],

"VC”: ['M103”,7M1035"],

"nverb”: [3,2],

"doc_rb”: [60,60]

}

b

"fn_r"”: "Railway Station - Akvapark”,

"sn_r”: "A119¢”

s 1, ’

"t x”: 26,

"s 1. ["Vaneeva-D" " Kira-T" "Vias-S”,” Akva-T" "Vias-S2” "Kira-T"],
" [7,9,4,4,9],

"Bx': ["EA33"'E420" "E321" "EA90" " T32100D" " T42003D"],
"mbo_tb”: [0,0,0,0,0,0],

"dm b’ [15,20,30,25,16,15],

"eerh: [268880,209520,200520,168400,209520,209520],
"drb”: [50,50,50,50,50,50],

"do_rb": [0,0,0,0,0,0],

"V ["M1035"),

"nverb”: (2],

"doc_rb": [50]
}

Y

{

"fn_r”: "Railway Station - RKMC”,

"sn_r”: " A190¢”

"wa': 1, ’

"t x”: 30,

"s1”: ["Vaneeva-D" " Kira-T” "Vias-S” "RKMC-T" " Vias-S2” "Kira-T"|,
"M [7,9,6,6,9],

"B ['E433" "E420" "E321” "E490" " T32100D" " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [60,60,60,60,60,60],

"do_rb": [0,0,0,0,0,0],

PO ["M103","M1035"),

"nve_rb”: [1,2],

"doc_rb”: [60,60]

}

b

"fn_r”: "Railway Station - Chervenskiy Market”,

37



Electric
Mobility

"I 17,5,5),

"By'; ["E433" "EA20" "E321" "EA90” " T32100D" " T42003D"),
"mhorb”: [0,0,0,0,0,0],

rdmrb”: [15,20.30,25.16,15),

"ce_rb”: [268880,209520,209520,168400,209520,209520],
rd b [40,40,40,40,40,40],

"dorb”: [0,0,0,0,0,0],

IIVC,I.//: [//T420//7//T333//]’

"nve_rb”: [2,5],

"doc_rb”: [40,40]

}

Y

"fn_r”: "Railway Station - DS Loshica-2",

”SIl,I'HZ //T6//

"wa': 1, ’

"at x”: 18,

"s1": ["Vaneeva-D" " Kira-T” ”Ch.Ri-S” "Losh2-T” ”Ch.Ri-S2" " Kira-T"],
Ma”: 7,5,4,4,5],

"By ['E433" "E420" "E321" "E490" " T32100D" " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb": [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [60,60,60,60,60,60],

"do_rb": [0,0,0,0,0,0],

HVCJ'H: [//T420”,”T333//],

"nverb”: [4,6],

"doc_rb”: [60,60]

}

b

"fn_r"”: "Railway Station - Masukovschina”,

/,SI’LI'HI //A69//

"yl 1, ’

"at x”: 22,

"s1”: ["Vaneeva-D" " Kira-T"” "Masu-T" " Kira-T"],
My [7,11,11],

"By ['E433" "E420" "E321" "E490" " T32100D" " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb": [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [80,80,80,80,80,80],

"do_rb": [0,0,0,0,0,0],

//VC,I'/,: [//M103/I]7

"nve_rb”: [5],

"doc_rb": [80]
}

Y

{
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"fn_r”: "Railway Station - DS Searjabrjanka”,

HSIl,I'HZ //T20//

"wa: 1, 7

"at x”: 18,

"s 1. ["Vaneeva-D" "Kira-T" "V-S""DS Sera-T","V-S2" "Kira-T"],
"a”: [7,5,4,4,5],

"Br”: ["E433""E420” "E321","E490” "T32100D”,"T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm b [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [80,80,80,80,80,80],

"do_rb": [0,0,0,0,0,0],

//VCJ.//: [//T420”,”T333”],

"nverb”: [2,5],

"doc_rb”: [80,80]

}

b

{

"fn_r”: "DS Searjabrjanka - DS YZapad”,

”SH,YHI //T36//

w1, ’

"atx”: 36,

"s1”: ["Vaneeva-D""DS Sera-T"”AV Ca-S")"YZap-T""AV Ca-S2","DS Sera-T"],
"y [7,5,13,13,5),

"B ["E433","E420""E321","E490” ”T32100D","T42003D"],
"mbo_rb”: [0,0,0,0,0,0],

"dm rb": [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb”: [130,130,130,130,130,130],

"do_rb": 0,0,0,0,0,0],

I/VC,I'”: [//T420//7”T333//],

"nve_rb”: [3,6],

"doc_rb”: [130,130]

¥

Y

"fn_r”: "AV Centralny - Masukovschina”,

”SIl,I'HI //A46//

"wa': 1, 7

"at x”: 18,

"s1”: ["Vaneeva-D"”AV Ca-T"Masu-T",”AV Ca-T"],
"x”: 17,9,9],

"Br”: ["E433""E420” "E321","E490” " T32100D”,”T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [70,70,70,70,70,70],

"do_rb": [0,0,0,0,0,0],

"CO”: ["M10357),

"nverb”: [2],

"doc_rb”: [70]
}

bl
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"fn_r”: "AV Centralny - Masukovschina”,

HSII,I'//Z //T58//

"wa: 1, 7

"at x”: 18,

"s1”: ["Vaneeva-D"”AV Ca-T""Masu-T",”AV Ca-T"],
"ax”: 17,9,9],

"B ["E433""E420” "E321","E490” " T32100D”,”T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [60,60,60,60,60,60],

"do_rb": [0,0,0,0,0,0],

”VCJ'H: [NT420”,”T333”]7

"nve_rb”: [2,2],

"doc_rb”: [60,60]

}

b

"fn_r": "Dolgobrodskaja - DS Siarova”,

”SH,I'HI //T59//

a1, ’

"ut_r": 26,

"s1”: ["Vaneeva-D" "Daug-T"”Siar-T" " Daug-T"],
"y [7,13,13],

"By ['E433" "E420" "E321" "E490" " T32100D" " T42003D"],
"nbo_rb": [7,0,0,0,0,0],

"dm b’ [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [80,80,80,80,80,80],

"do_rb": [92,92,92,92,92,92],

//VC,I'//Z [//T420//],

"nverb”: [2],

"doc_rb": [80]

}

Y

"fn_r”: "DS Drugnaja - Karastojanovoy”,

HSH,I'//Z //A38//

a1, ’

"atx”: 16,

"s1": ["Vaneeva-D" "Druz-T" "Kara-T","Druz-T"],
M’ [7,8,8],

"B ["E433" "E420" "E321" "EA90" " T32100D" " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [60,60,60,60,60,60],

"do_rb": [0,0,0,0,0,0],

PO [PM1037M1035"),

"nverb”: [1,2],

"doc_rb”: [60,60]

}
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Y

"fn_r”: "DS Drugnaja - DS Siarova”,

//SH,I'//Z //T43//

"wa': 1, 7

"at " 14,

"s1”: ["Vaneeva-D" " Druz-T" ”Siar-T” " Druz-T"],
Mo’ [7,7,7],

"B ["EA33" "E420” "E321" "EA90" " T32100D" " T42003D"],
"nbo_rb”: [4,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb”: [50,50,50,50,50,50],

"do_rb”: [56,56,56,56,56,56],

HVC,I'Hi [//T420”],

"nverb”: [2],

"doc_rb”: [50]

}

b

"fn_r”: "DS Karastojanovoy - DS YZapad”,

HSII,I'HZ //T40//

" 1 1 ’

"at x”: 28,

"s1”: ["Vaneeva-D" "Kara-T","Druz-S" )Y Zap-T","Druz-S2" " Kara-T"],
M’ [7,7,7,7,7],

"By ["E433" "EA20” "E321" "EA90" " T32100D" " T42003D"],
"mbo_rb”: [0,0,0,0,0,0],

"dm_th": [15,20,30,25,16,15],

"eerh: [268880,209520,200520,168400,209520,209520],
"d_rb": [100,100,100,100,100,100],

"do_rb": [0,0,0,0,0,0],

//VCJAII: [/lr]:\420/l’//’T333/l]7

"nverb”: [2,5],

"doc_rb”: [100,100]

}

Y

{

"fn_r”: "DS Drugnaja - DS YZapad”,

”SH,I'”Z //T63//

w1, ’

"atx”: 18,

"s1": ["Kazlova-D" "Druz-T""Y Zap-T" " Druz-T"],
"x”: 17,9,9],

"Br”: ["E433" "E420" "E321" "EA90" " T32100D" " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [60,60,60,60,60,60],

"do_rb": 0,0,0,0,0,0],

PO ["M103","M1035"),

"nve_rb”: [2,2],

"doc_rb”: [60,60]
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}

b

"fn_r”: "Suharveo - DS Drugnaja”,

”SH,I'”I //A5OC//

w1, ’

"atx”: 30,

"s 1. ["Kazlova-D”,”Suh5-T” ”Druz-T”,”Suh5-T"],
"y [7,15,15],

"By ["E433" "E420" "E321" "EA90" " T32100D" " T42003D"],
"mbo_rb”: [0,0,0,0,0,0],

"dm_rb": [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
”d_rb": [100,100,100,100,100,100],

"do_rh": 0,0,0,0,0,0],

"VCa: ['M1037,"M1035"],

"nve_rb”: [3,3],

"doc_rb”: [100,100]

}

Y

{

"fn_r”: "AV Centralny - DS Suharevo-5 7,

”SH,I'//Z //T7//

"wa': 1, ’

"t x”: 28,

"s1”: ["Kazlova-D” ”Suh5-T” AV Ca-T” Suh5-T"],
Mo’ [7,14,14],

"B ["E433" "E420” "E321" "EA90" " T32100D" " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [90,90,90,90,90,90],

"do_rb": [0,0,0,0,0,0],

HVCJ'H: [//T420”,”T333//],

"nverb”: [2,4],

"doc_rb”: [90,90]

}

b

’{’fn,r”: "DS Drugnaja - DS Suharevo-5 ",

HSIl,I'HZ //T9//

a1, ’

"at x": 26,

"s 1. ["Kazlova-D”,”Suh5-T” "Druz-T””Suh5-T"],
"y [7,13,13),

"By ["EA33" "EA20" "E321" "EA90" " T32100D" " T42003D"],
"mbo_rb”: [0,0,0,0,0,0],

"dm_rb": [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rh": [80,80,80,80,80,80],

"do_rh": 0,0,0,0,0,0],

//VCJA//: [/,T420,/,,/T333”],

"nverb”: [1,3],
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"doc_rb”: [80,80]
}

b

{

"fn_r"”: "DS Malinovka-4 - DS Drugnaja ”,

”SH,I'”I //A32C//

w1, ’

"at_r": 28,

"s 1. ["Kazlova-D"” "Mal4-T" "Druz-T" "Mal4-T"],
"y [7,14,14],

"By ["E433" "E420" "E321" "EA90" " T32100D" " T42003D"],
"mbo_rb”: [0,0,0,0,0,0],

"dm_rb": [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rh": [90,90,90,90,90,90],

"do_rb”: [0,0,0,0,0,0],

PO ["M103",M1035"),

"nve_rb”: [3,6],

"doc_rb”: [90,90]

ki

Y

"fn_r": "Slavinskogo - Old Airport”,

”SH,I'HZ //AlOO//

"wa': 1, 7

"at " 24,

"s1”: ["Kazlova-D” "KalSlav-T" " Aeral-T" "KalSlav-T"],
Mo’ [7,12,12],

"B ["EA33" "EA20” "E321" "EA90" " T32100D” " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [90,90,90,90,90,90],

"do_rb": [0,0,0,0,0,0],

PVCa: ['M103",/M1035"),

"nve_rb”: [3,6],

"doc_rb”: [90,90]

}

b

"tn_x”: "DS Kalinovskogo - Vesninka”,
HSH,I'HI //A91//

" 1 1, ’

"at x”: 40,

"s 1. ["Kazlova-D””Vsnin-T" " Vias-S" " KalSlav-T” " Vias-S2” "Vsnin-T"],
" [7,2,18,18,2],

”B,I'”i [HE42O”,”E321//,”E490”],
"nbo_rb”: 10,0,0],

"dm_rh': [20,30,25],

"eerh: [9520,9520,8400],

"drb": [140,140,140),

"do_rb": [0,0,0],

"VCa": ['M103”,"M1035"],
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"nve_rb”: [2,5],
"doc_rb”: [140,140]
}

b

"fn_r"”: "DS Siarova - Liabjagiy”,

”SH,I'”I //A73//

w1, ’

"at " 36,

"s 1. ["Kazlova-D” ”Siar-T" " Druz-S” " Vias-S" " Liab-T" " Vias-S2" " Druz-S2” " Siar-T"],
"y [7,7,9,2,2,9,7),

"Br": ["E433" "EA20" "E321" "EA90" " T32100D" " T42003D"],
"mbo_rb”: [0,0,0,0,0,0],

"dm_rb": [15,20,30,25,16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],

"d rb”: [120,120,120,120,120,120],

"do_rb”: [0,0,0,0,0,0],

"VCa: ['M1037,"M1035"],

"nve_rb”: [5,7],

"doc_rb”: [120,120]

ki

Y

"fn_r”: "DS Karastojanovoy - P1.Y.Kolasa”,

”SH,I'HI //T22//

"wa': 1, 7

"at " 12,

"s1”: ["Kazlova-D” "Kara-T” "PLY.Kol-T” "Kara-T"],
"’ [7,6,6],

"By ['E433",/E420" "E321" "E490" " T32100D" " T42003D"],
"nbo_rb”: [0,0,0,0,0,0],

"dm_rb”: [15,20,30,25.16,15],

"ce_rb”: [268880,209520,209520,168400,209520,209520],
"d_rb": [40,40,40,40,40,40],

"do_rb": [0,0,0,0,0,0],

HVCJ'H: [//T420H],

"nverb”: [3],

"doc_rb”: [40]

}

b

"tn_x”: "DS Karastojanovoy - Zdanovichi Station”,
”SH,I'HI //A44//

" 1 1 ’

"ut " 50,

"s 1. ["Kazlova-D” "Kara-T”,"Vias-S" " Zdan-T" " Vias-S2" "Kara-T"],
" [7,9,16,16,9],

”B,I'”: [HE420”,HE321//,”E490”],

"nbo_rb”: 10,0,0],

"dm_th': [20,30,25),

"eeth': [9520,9520,8400],

"d_rb": [100,100,100],

"do_rb": [0,0,0],
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"VCO": ["M103","M1035"),
"nverb”: [2,5],

"doc_rb”: [100,100]

¥

b

"fn_r”: "DS Karastojanovoy - Zdanovichi Health Center”,
”SH,YHZ //A136//

w1, ’

"atx”: 52,

"s 1. ["Kazlova-D" "Kara-T","Vias-S","Zdan-T" " Vias-S2" " Kara-T"],
"L [7,917,17,9),

//B,I'//Z [//]_3420//’//]_3321//’//13490//]7

"nbo_rb”: 10,0,0],

"dm_rb": [20,30,25],

"o Th!: [9520,9520,8400],

"d rb”: [110,110,110)],

"do_rb": [0,0,0],

"VCa: ['M1037,"M1035"],

"nve_rb”: [1,2],

"doc_rb”: [110,110]

¥

Y

"fn_r”: "DS Suharevo-5 - Kalinovskogo”,
I/SIl,I'HI //T38//

"wa: 1, 7

"at " 42,

"s1”: ["Kazlova-D” ”Suh5-T” "KalSlav-T””Suh5-T"],
Mo’ [7,21,21],

//B,I'”: [”E321//7”E490”]7

"nbo_rb”: 10,0],

"dm_rb": [30,25],

"ce_rb”: [9520,8400],

"d_rb”: [140,140],

"do_rb”: [0,0],

”VCJ'H: [NT420”,”T333//] ,

"nverb”: 16,8],

"doc_rb”: [140,140]

}

I}

i charging times”:
{ "CTNP": [{

”SH,pH: //vl/7

"ct_pb_1": [6,6,10,6,40,30]

”SILp”: //Kira//
"et_pb_1": [6,6,10,6,40,30]

b

{
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”SH,pH: IIViaS//’

"ct_pb_1": [6,6,10,6,40,30]

Nsn,p”: //Akva//
"et_pb_1": [6,6,10,6,40,30]

b

/{/SHpHZ //RKMC//
"ct_pb_1": [6,6,10,6,40,30]

b

'{’snp”: "Ch.Ri”
"et_pb_1": [6,6,10,6,40,30]

)

//SIl,p”: //Losh2//
"ct_pb_1": [6,6,10,6,40,30]

Y

HSILp”: "Masu”
"ct_pb_1": [6,6,10,6,40,30]

Y

/{,SHpHS s
"ct_pb_1": [6,6,10,6,40,30]

b

"sn_p”: "DS Sera”,
"ct_pb_1": [6,6,10,6,40,30]

b

’{/snp”: "AV Ca”
"et_ph_17: [6,6,10,6,40,30]

b

”SH,p//Z //Yzap//
"et_pb_1": [6,6,10,6,40,30]

Y

”SILp”Z /lDaugII
"et_pb_1": [6,6,10,6,40,30]

HSILp” : " Siar// ,
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"et_pb_1": [6,6,10,6,40,30]
}

b

”SH,p// : //Druzll ,

"et_pb_1": [6,6,10,6,40,30]

Ilsnipl/ - "Kara 7

"et_pb_1": [6,6,10,6,40,30]

//SIl,p”: //K//
"ct_pb_1": [6,6,10,6,40,30]

Y

HSILpH: "Suhb”
"ct_pb_1": [6,6,10,6,40,30]

b

”Sn,p”: "Mald”
"ct_pb_1": [6,6,10,6,40,30]

b

"sn_p”: "KalSlav”,
"et_pb_1": [6,6,10,6,40,30]

b

”sn,p”: "Aeral”
"ct_pb_1": [6,6,10,6,40,30]

b

”SIl,p” : llvsninll ,

"et_pb_1": [6,6,10,6,40,30]

//SIl,p”I //Liab//
"ct_pb_1": [6,6,10,6,40,30]

Y

{

"sn_p”: "PLY Kol”,
"ct_pb_1": [6,6,10,6,40,30]
}

Y

”SH,pHZ nzdan”
"ct_pb_1": [6,6,10,6,40,30]
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HSH I.//, :llAlll
//C,IT”: .[//CS]-I; //CSl// /lCSl/l]
}

b

”SH I./l, IIT59/1
//C,IT”: .[1/0811/ }/CSl// /lCSl/l]
}

b

llsn r//, //T43//

/1071}/: Tl/CSll/ ’//CSl/l /lCSl//]
}

I}

"depots”:

{ //ND//: [{

"sn_j”: "Vaneeva-D”,
"t_depot_j”: 240

Y

"sn_j": "Kazlova-D",
"t_depot_j”: 240

[}
}

4.2 Input text files for Minsk case
4.2.1 File "probl.txt”

This file consists of one row containing parameters m, ucc, uoc and dtp. The row is
2,1e+007,5e+006,180,1

4.2.2 File "stations.txt”

This file consists of one row containing parameters Full name, Short name, Nominal power,
Capital cost and Operating cost for each charging station type. For Minsk case, there is a
single charging station type and the corresponding row is

Charging station 1,CS1,200,250000,5000

4.2.3 File "buses.txt”

This file consists of two rows for each e-bus type. The first row contains parameters Full name,
Short name, Passenger capacity and Capital cost for each e-bus type. The second row contains
parameters Short name of charging station 1, ..., Short name of charging station n. For Minsk
case, there are six e-bus types and the corresponding rows are:

Vitovt Max Electro E433,E433,153,475000
CS1
Vitovt Electro E420,E420,87,350000
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CS1

Model E321,E321,83,400000

Cs1

Vitovt Mini Electro E490,E490,75,400000
CS1

Trolleybus 32100D,T32100D,85,370000

CS1
Trolleybus 42003D,T42003D,85,400000
CS1

4.2.4 TFile "cbuses.txt”

This file consists of one row for each conventional vehicle type. The row contains parameters
Full name, Short name and Capacity. For Minsk case, there are four conventional vehicle types
and the corresponding rows are:

Diesel bus MAZ-103,M103,100

Diesel bus MAZ-1035,M1035,160

Trolleybus model 420,T420,115

Trolleybus model 333,T333,170

4.2.5 File "graph.txt”

This file consists of one row for each stop. The row contains parameters Full name, Short name

and Type€ {1,2,3}, where 1, 2 and 3 denote depot, terminal and en route stop, respectively.

For Minsk case, the corresponding rows are:
Vaneeva-Depot,Vaneeva-D,V,1
Kazlova-Depot,Kazlova-D,K,1
Kira-Terminal,Kira-T,Kira,2
Vias-Terminal,Vias-T,Vias,2
Akva-Terminal, Akva-T,Akva,2
RKMC-Terminal RKMC-T,RKMC,2
Ch.Ri-Terminal,Ch.Ri-T,Ch.Ri,2
Losh2-Terminal,Losh2-T,L.osh2,2
Masu-Terminal, Masu-T,Masu,?2
DS Sera-Terminal, DS Sera-T,DS Sera,2
YZap-Terminal,YZap-T,YZap,2
AV Ca-Terminal, AV Ca-T,AV Ca,2
Daug-Terminal, Daug-T ,Daug,2
Siar-Terminal,Siar-T,Siar,2
Druz-Terminal,Druz-T,Druz,2
Kara-Terminal Kara-T,Kara,2
Suh5-Terminal,Suh5-T,Suhb,2
Mal4-Terminal, Mal4-T Mal4,2
KalSlav-Terminal, KalSlav-T ,KalSlav,2
Aeral-Terminal,Aeral-T,Aeral,2
Vsnin-Terminal, Vsnin-T,Vsnin,2
Liab-Terminal,Liab-T,Liab,2
P1.Y.Kol-Terminal,P1.Y.Kol-T,P1.Y.Kol,2
Zdan-Terminal,Zdan-T,Zdan,2
Vias-Stop,Vias-S,Vias,3
Vias-Stop-2,Vias-S2,Vias,3
Ch.Ri-Stop,Ch.Ri-S,Ch.Ri,3
Ch.Ri-Stop-2,Ch.Ri-S2,Ch.Ri,3
V-Stop,V-5S,V,3
V-Stop-2,V-52,V,3
AV Ca-Stop,AV Ca-S,AV Ca,3
AV Ca-Stop-2,AV Ca-S2,AV Ca,3
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Druz-Stop,Druz-S,Druz,3
Druz-Stop-2,Druz-S2,Druz,3

4.2.6 File "transf.txt”

This file consists of three rows for each transformer. The first row contains parameters Full
name, Short name, Transformer power, Capital cost and Used power. The second row contains
short names of parent nodes connected with the transformer. The third row contains connection
costs for the parent nodes in the second row. The cost is equal to zero if the corresponding
connection exists. For Minsk case, the three rows for each transformer are:
Vaneeva-Transformer 1,Vaneeva-T1,800,0,200
)Y

0
Vaneeva-Transformer 2,Vaneeva-T2,800,0,200
v

0

Kira-Transformer 1,Kira-T1,800,0,200
%(ira

Kira-Transformer 2,Kira-T2,800,0,200
%{ira

Vias-Transformer 1,Vias-T1,800,0,200

P)/ias

Vias-Transformer 2,Vias-1T2,800,0,200
B/ias

Akva-Transformer 1,Akva-T1,800,200000,0

Akva-Transformer 2,Akva-12,800,200000,0
Akva

5000
RKMC-Transformer 1,RKMC-T1,800,200000,0
RKMC

5000
RKMC-Transformer 2,RKMC-T2,800,200000,0

Son' <
Ch.Ri-Transformer 1,Ch.Ri-T'1,800,0,0

Colrb(%{l
Ch.Ri-Transformer 2,Ch.Ri-T2,800,0,0
Ch Ri

5000
Losh2-Transformer 1,Losh2-T1,800,0,0
Losh?2
5000
Losh2-Transformer 2,Losh2-T2,800,0,0
Losh?2
5000
Masu-Transformer 1,Masu-T1,800,0,0
Masu
5000
Masu-Transformer 2,Masu-T2,800,0,0

V-Transformer 1,V-T1,800,200000,0

\Y

5000

V-Transformer 2,V-T2,800,200000,0
v

5000

DS Sera-Transformer 1,DS Sera-T1,800,0,0
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ra-Transformer 2,DS Sera-T2,800,0,0
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a-Transformer 1,AV Ca-T1,800,200000,0

Ot
==

Ca-Transformer 2,AV Ca-12,800,200000,0

&000-"
YZap-Transformer 1,YZap-T1,800,0,0

YZap-Transformer 2,Y Zap-T2,800,0,0
YZap

5000
Daug-Transformer 1,Daug-T1,800,0,200

Daug

0
Daug-Transformer 2,Daug-T2,800,0,200
Daug

0

Siar-Transformer 1,Siar-T1,800,0,200
(S)iar

Siar-Transformer 2,Siar-T2,800,0,200
Siar

0
Druz-Transformer 1,Druz-T1,800,0,200
Druz

0
Druz-Transformer 2,Druz-T2,800,0,200
Druz

Kara-Transformer 1,Kara-T1,800,0,0

Kazlova-Transformer 1,Kazlova-T1,800,0,0

K
5000
Kazlova-Transformer 2,Kazlova-12,800,0,0

T

000
Suh5-Transformer 1,Suh5-T1,800,0,0
Suhb

5000
Suh5-Transformer 2,Suh5-T2,800,0,0

S000
Mal4-Transformer 1,Mal4-T1,800,0,0

Mal4
5000
Mal4-Transformer 2,Mal4-T2,800,0,0
Mal4

5000
KalSlav-Transformer 1,KalSlav-T1,800,0,0
KalSlav

5000

KalSlav-Transformer 2,KalSlav-T2,800,0,0
KalSlav

5000

Aeral-Transformer 1,Aeral-T1,800,0,0
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5000
Aeral-Transformer 2,Aeral-T2,800,0,0

SO
Vsnin-Transformer 1,Vsnin-T1,800,200000,0

500"
Vsnin-Transformer 2,Vsnin-T2,800,200000,0

300"
Liab-Transformer 1,Liab-T1,800,200000,0

Liab
5000
Liab-Transformer 2,Liab-T2,800,200000,0

Liab
5000
PLY .Kol-Transformer 1,P1.Y.Kol-T1,800,200000,0

PLY Kol

5000

PLY .Kol-Transformer 2,P1.Y.Kol-T2,800,200000,0
PLY.Kol

5000

Zdan-Transformer 1,Zdan-T1,800,200000,0

Zo60
Zdan-Transformer 2,Zdan-12,800,200000,0

Zdan
5000

4.2.7 File "routes.txt”

This file consists of 12 rows for each route. The 1-st row contains parameters Full name, Short
name, Preference coefficient and Upper bound on the traffic interval length for the route. The
2-nd row contains sequence of short names of nodes eligible for opening a charging station on
this route in the format: Short name of depot, Short name of terminal 1, Short names of en
route stops, Short name of terminal 2, Short names of en route stops, Short name of terminal
1. The 3-rd row contains distances between stops according to the sequence of stops in the
2-nd row. The 4-th row contains short names of e-bus types eligible for this route. The 5-th
row contains numbers of old e-buses operating on this route according to the sequence of e-bus
types in the 4-th row. The 6-th row contains single charge ranges of e-buses according to the
sequence of e-bus types in the 4-th row. The 7-th row contains operating and depreciation
costs of e-buses according to the sequence of e-bus types in the 4-th row. The 8-th row contains
durations of a single cycle of new e-buses without the charging time, according to the sequence
of e-bus types in the 4-th row. The 9-th row contains durations of a single cycle of old e-buses
including the charging time, according to the sequence of e-bus types in the 4-th row. The
10-th row contains short names of conventional vehicle types serving the route. The 11-th row
contains numbers of conventional vehicles serving the route according to the sequence of vehicle
types in row 10. The 12-th row contains durations of a single cycle of conventional vehicles
according to the sequence of vehicle types in row 10. For the Minsk case, the twelve rows for

each route are: .
Railway Station - DS Viasnjanka,A1,1,18

Vaneeva-D,Kira-T,Vias-T,Kira-T

7,9,9
E433,E420,E321,E490,T32100D,T42003D
4,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
60,60,60,60,60,60

T72,72,72,72,72,72

M103,M1035

3,2
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60,60

Railway Station - Akvapark,A119c¢,1,26
Vanfeva—D,Kira—T,ViaS—S,Akva—T,Vias—S2,Kira—T
7,9,4,4,9
F433,£420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
50,50,50,50,50,50

0,0,0,0,0,0

12\/11035

50

Railway Station - RKMC,A190e,1,30
Vaneeva-D,Kira-T,Vias-S,RKMC-T,Vias-S2,Kira-T
7,9,6,6,9
F433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
60,60,60,60,60,60

0,0,0,0,0,0

M103,M1035

1,2

60,60

Railway Station - Chervenskiy Market, T5,1,10
Vaneeva-D,Kira-T,Ch.Ri-T,Kira-T

7,5,5
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
40,40,40,40,40,40

0,0,0,0,0,0

T420,T333

2,5

40,40

Railway Station - DS Loshica-2,T6,1,18
Vaneeva-D,Kira-T,Ch.Ri-S,Losh2-T,Ch.Ri-S2,Kira-T
7,5,4,4,5
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
60,60,60,60,60,60

0,0,0,0,0,0

T420,T333

4.6

60,60

Railway Station - Masukovschina,A69,1,22
Vaneeva-D,Kira-T,Masu-T,Kira-T

711,11
F433,£420,1321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
80,80,80,80,80,80

0,0,0,0,0,0

15\/[103
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Railway Station - DS Searjabrjanka,T20,1,18
Vaneeva-D,Kira-T,V-S,DS Sera-T,V-S2 Kira-T
7,5,4,4,5
F433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
80,80,80,80,80,80

0,0,0,0,0,0

T420,T333

2,5

80,80

DS Searjabrjanka - DS YZapad,T36,1,36

Vaneeva-D,DS Sera-T,AV Ca-S,YZap-T,AV Ca-S2,DS Sera-T

7,5,13,13,5
E433,E420,E321,E490,T32100D, T42003D
0,0,0,0,0,0

15,20,30,25,16,15
263880,209520,209520,168400,209520,209520
130,130,130,130,130,130

0,0,0,0,0,0

T420,T333

3,6

130,130

AV Centralny - Masukovschina,A46,1,18
Vaneeva-D,AV Ca-T ,Masu-T,AV Ca-T
7,9,9
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
70,70,70,70,70,70

0,0,0,0,0,0

1%/[1035

70

AV Centralny - Masukovschina, T58,1,18

;/aneeva—D,AV Ca-T,Masu-T,AV Ca-T
,9,9

F433,£420,E321,E490,T32100D,T42003D

0,0,0,0,0,0

15,20,30,25,16,15

268880,209520,209520,168400,209520,209520

60,60,60,60,60,60

0,0,0,0,0,0

T420,T333

2,2

60,60

Dolgobrodskaja - DS Siarova,T59,1,26

Vaneeva-D,Daug-T,Siar-T,Daug-T

7,13,13

F433,E420,E321,E490,T32100D,T42003D

7,0,0,0,0,0

15,20,30,25,16,15

268880,209520,209520,168400,209520,209520

80,80,80,80,80,80

92,92,92,92,92,92

”21“420
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DS Drugnaja - Karastojanovoy,A38,1,16
Vaneeva-D,Druz-T ,Kara-T,Druz-T

7,8,8
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
60,60,60,60,60,60

0,0,0,0,0,0

M103,M1035

1,2

60,60

DS Drugnaja - DS Siarova,T43,1,14
Vaneeva-D,Druz-T,Siar-T,Druz-T

7,77
E433,E420,E321,E490,T32100D,T42003D
4,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
50,50,50,50,50,50

56,56,56,56,56,56

”21“420

50

DS Karastojanovoy - DS YZapad,T40,1,28
Vaneeva-D,Kara-T,Druz-S,YZap-T,Druz-S2,Kara-T
7,0.,7,7,7
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
100,100,100,100,100,100

0,0,0,0,0,0

T420,T333

2,5

100,100

DS Drugnaja - DS YZapad,T63,1,18
Kazlova-D,Druz-T,Y Zap-T,Druz-T

7,9,9
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
60,60,60,60,60,60

0,0,0,0,0,0

M103,M1035

2,2

60,60

Suharveo - DS Drugnaja,A50c,1,30
Kazlova-D,Suh5-T,Druz-T,Suh5-T

7,15,15
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
100,100,100,100,100,100

0,0,0,0,0,0

M103,M1035

3,3
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100,100

AV Centralny - DS Suharevo-5 ,T7,1,28
Kazlova-D,Suh5-T,AV Ca-T,Suh5-T
7.14,14
F433,£420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
90,90,90,90,90,90

0,0,0,0,0,0

T420,T333

2.4

90,90

DS Drugnaja - DS Suharevo-5 ,T9,1,26
Kazlova-D,Suh5-T,Druz-T,Suh5-T

7,13,13
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
80,80,80,80,80,80

0,0,0,0,0,0

T420,T333

1,3

80,80

DS Malinovka-4 - DS Drugnaja ,A32c,1,28
Kazlova-D,Mal4-T Druz-T,Mal4-T

7,14,14
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
90,90,90,90,90,90

0,0,0,0,0,0

M103,M1035

3,6

90,90

Slavinskogo - Old Airport,A100,1,24
Kazlova-D,KalSlav-T,Aeral-T ,KalSlav-T
7,12,12
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
90,90,90,90,90,90

0,0,0,0,0,0

M103,M1035

3,6

90,90

DS Kalinovskogo - Vesninka,A91,1,40

Kazlova-D,Vsnin-T,Vias-S,KalSlav-T,Vias-S2,Vsnin-T

7.2,18,18,2
£420,£321,5490
0,0,0

20,30,25
9520,9520,8400
140,140,140
0,0,0
M103,M1035
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2.5

140,140

DS Siarova - Liabjagiy,A73,1,36
Kazlova-D,Siar-T,Druz-S,Vias-S,Liab-T,Vias-S2,Druz-S2,Siar-T
7,7,9,2,29.7
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
120,120,120,120,120,120

0,0,0,0,0,0

M103,M1035

5,7

120,120

DS Karastojanovoy - P1.Y.Kolasa, T22,1,12
Kazlova-D,Kara-T,P1.Y.Kol-T ,Kara-T

7,6,6
E433,E420,E321,E490,T32100D,T42003D
0,0,0,0,0,0

15,20,30,25,16,15
268880,209520,209520,168400,209520,209520
40,40,40,40,40,40

0,0,0,0,0,0

3T420

40

DS Karastojanovoy - Zdanovichi Station,A44,1,50
Kazlova-D,Kara-T,Vias-S,Zdan-T,Vias-S2,Kara-T
7,9,16,16,9

E420,E321,E490

0,0,0

20,30,25

9520,9520,8400

100,100,100

0,0,0

M103,M1035

2.5

100,100

DS Karastojanovoy - Zdanovichi Health Center,A136,1,52
Kazlova-D,Kara-T,Vias-S,Zdan-T,Vias-S2,Kara-T
7,9,17,17,9

E420,E321,E490

0,0,0

20,30,25

9520,9520,8400

110,110,110

0,0,0

M103,M1035

1,2

110,110

DS Suharevo-5 - Kalinovskogo,T38,1,42
Kazlova-D,Suh5-T,KalSlav-T,Suh5-T
7,21,21

E321,E490

0,0

30,25

9520,8400

140,140

0,0
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T420,T333
6,3
140,140

4.2.8 File "nodes_st.txt”

This file consists of 4 rows for each element of the set NP of parent nodes. First row contains
full name of parent a node p and short name of this node. Next rows contain short names of
the eligible charging station types, numbers nc,. of the old charging stations and the upper
bounds uc,.. For the Minsk case, the 4 rows for each parent node are:

Vaneeva,V

CS1

1

Kirava,Kira

CS1

1
Viasnjanka,Vias
?S 1

4
Akvapark,Akva
gS 1

4
RKMC,RKMC
Cs1

4
Ch.Rinok,Ch.Ri
gSl

4
Loshica2,Losh2
(()781

Masukovscina,Masu

CS1

0

4

V., VS

CS1

]

DS Searjabrjanka,DS Sera
6381

4
AV Centralny,AV Ca
gSl

4
YgoZapad,YZap
gSl

4
Daugbrodskaja,Daug
CS1

1

Siarova,Siar

CS1

1

4

58



Electric
Mobility

Druznaja,Druz
1CSl

Karastojanovoy,Kara
6381

4
Kazlova,K
6381

4
Suharevob,Suhb
(()?Sl

4
Malinovka4,Mal4
gS 1

4
Kalinovskogo,KalSlav
gS 1

4
Aeroprt 1,Aeral
gS 1

Vesninka, Vsnin
(()73 1

4
Liabjagiy,Liab
CS1

4
P1Y .Kolasa,P1.Y.Kol
gSl

4
Zdanovichi,Zdan
(C)?S 1

4

4.2.9 File "nodes_ch_time.txt"”

This file consists of 1 + |C)| rows for p € NP. The first row contains short name of the parent
node p. Each row from the next |C,| rows contains charging times ct,. of e-buses at charging
station of type ¢ € C, for each b € (3. For the Minsk case, these rows are:

v
6,6,10,6,40,30
Kira
6,6,10,6,40,30
Vias
6,6,10,6,40,30
Akva
6,6,10,6,40,30
RKMC
6,6,10,6,40,30
Ch.Ri
6,6,10,6,40,30
Losh2
6,6,10,6,40,30

Masu
6,6,10,6,40,30
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,10,6,40,30
Sera
10,6,40,30

Ca
,6,10,6,40,30
YZap
6,6,10,6,40,30
Daug
6,6,10,6,40,30
Siar
6,6,10,6,40,30
Druz
6,6,10,6,40,30
Kara
6,6,10,6,40,30
K
6,6,10,6,40,30
Suhb
6,6,10,6,40,30
Mal4
6,6,10,6,40,30
KalSlav
6,6,10,6,40,30
Aeral
6,6,10,6,40,30
Vsnin
6,6,10,6,40,30
Liab
6,6,10,6,40,30

Y

b

OV O

6,6,10,6,40,30

4.2.10 File "croutes.txt”

This file is created because there are routes that are already served by the e-buses. It describes
charging stations that have already been opened at the nodes belonging to the routes from R.

It consists of two rows for each route. The first row contains short name of the route r. The
second row contains short names of the charging stations opened at the correspondmg parent

node for each node from m. = (jo, j1,...,j-). If no station is opened for some node ji, then
symbols ”-1" are used as the short name. For the Minsk case this file is:

Al
CS1,CS1,CS1
T59
(S1,CS1,CS1
T43
CS1,CS1,CS1

4.2.11 File "tdepots.txt”

Thia file consists of one row for each element from the set ND of depot nodes. The row for
node j contains short name of the depot node and the duration tdep °" in minutes. For the Minsk

case it is:
Vaneeva-D,240

Kazlova-D,240
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5 Output files for Minsk case

5.1 Output file solution.json for Minsk case

"Solutions”: [{

//CR//: {

"V 2763,

"CC": 9.855e4006,
"OC": 4.96888e+006},
//X//: {

//R7X//: [

{

//I.//: l/Al/l)

"ATEx": 9,

"7 1" 612

”NVIH

//BO I_l/ [//E433/l]

"nv_rb”: [4],

//B,I'” [IIE433/1]

//NV b/l

AN [ 4],

{/lb//, .//E4331/ IINbC I./l.[

{/l /l. l/CSl// /;j/l ,/VE;ne.eVa— ( l/}7
{/l . l/CSl// 3 /l ,/Klra T(Klra)ll}’
{/l . l/CSl//’/l']// HVIaS (VlaS)”}]}

Y
//t// .

//E433//’//E433//’//E433//’//E433//’//E433/l’//E433//’//E433//’1/E433/l]
}

Y

{
//r//: //’]:‘59//7
"ATE2": 11,
"7x": 153,
"NV1”: 1,
”BO,IA”: [//E321//]’
"nv_rb”: [7],
//B,I'//: [//]_3433//]7
"NV_rb”: [1],
//CVJ.//: [//T420H],
::Ié\gl,/rb”: 1],
{//b//: '//:IiEl433//’ //Nbcir//:[
"N nncn, N 1
{"¢"”: "CS1")"j": "Vaneeva-D(V)"},
" //: //CSl// //'//: //D _T D "
{//C//. 7 //’//J-//. " -au_g ( al/l/g) }’
{"¢": "CS1""j": "Siar-T(Siar)" }|}
J,
//t//:
"EA33""EA33" "EA33" "EA33" " T420","E433" "EA33" "E433" /EA33"]
}

b

{

61



PLLTeN

T
. Edrope
5

//I.//: //T43//7

"ATEx": 10,

"7, 1 298,

"NVx”": 2,

//Boir//: [//E321//]7

"nv_rb”: [4],

”B,r”: [HE433”,”E490//],
"NV_rb”: [1,1],

" ",

{915 .”%)433”, "Nber”:|
{”C”: //CSl//’//j//: //Vaneeva_D< )//}7
{”C”: //CSl//’//j//: ”SIaI'—T(SlaI')H}]}
’{//b//: //E490//’ //Nbcir//:[

{”C”: //CSl//’//j//: //vaneeva_D< )//}7
{”C”: //CSl//’//j//: //Slar_T(Slar)//}]}

Y
//t// .

//E433//,//E433”,HE420”,//E433N,//E433//,,/E433”]
}

Y

{

//r//: //’1"20//7

"ATEx": 12,

"7 1005

"NV 7,

//B,I"//I [//E74L33//’//E420//]’

"NV_rb”: [6,1],

;:CV,IZ):N [””{420”],

7 Gl 1,

{//b//: '//E433//’ //Nbcir//:[

{IIC//: //CSl//’//j//: ”Val’leeva—D(V)”},

{"¢": "CS1"j": "DS Sera-T(DS Sera)”}|}
7{//‘b//: ,/E42O//7 ”NbC,I‘”Z[

{//C//: //CSl//’//j//: //\/'a":n-ee‘[aJ_D(\/')//}7

{c"; "CS1”§": "DS Sera-T(DS Sera)""}]}
],

//t//:
//E433//’//E433/l7//T420//7IIE433//’//E433//7//E420//7//E433//’//E433//]
}

b

/{/r//: //T40//

"ATE_x": 14,

"Zx": 765,

"NV 5

//Bir//: [//E74:33//j|
"NV_rb”: [5],

"CV_x”: ["T420","T333"],
"nverb”: [1,2],

//CH//: [

{//b//: //E433// ”NbC,I'”Z[
{”C”: //CSl//,//j//: //\/a"rlee\/a)_D<\/)//}7
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{11810y Mo T (G,
]{ " "CS1")"i": "YZap-T(YZap)"}]}

”t”:
/,E433,/,//T333”,,/E433//,”T420,/,//E433”,,/E433//,”T333,/,NE433”]

}

]

/’/S//: [

{//J‘//: //DS Sera////C//: [//CSTLH],”NCﬁjC”: [1]7
", §": ['DS Sera-T1”,'DS Sera-T2"]}
{//j//: ”YZ&p”,”CHI {HéSl//]’”NijC”: [i],
"Lj": ["YZap-T1""YZap-T2"]}

{//j//: //Siar// ”C”: [//7081//] ”NC,_].C;,I [1]}
/{,//j//.;/ //ISara//’//C//:”[i:CSl//]7//1\{p7jcll: [1]’
Lj": ["Kara-T1”Kara-T2"]}

;/T//: [

]

;/TP//: [

{"1": "Vaneeva-T1", "TP_i": 200}

7{”i”: "Vaneeva-T2", "TP_i": 200}
{7 "Kira-T1", "TP_i": 200}
[, "Kira-T2", "TP_i": 200}
{"i"; "Vias-T1”, "TP_i": 200}
(71" "Vias-T2", "TPi": 200}
{"i". "DS Sera-T1”, "TP_i": 200}
{"i": "DS Sera-T2", "TP_i": 200}
[, "YZap-T1", "TP_i": 200}
"1 "YZap-T2", "TP_i": 200}
{"i": "Daug-T1", "TP_i": 200}
["i": "Daug-T2", "TP_i": 200}
{"i": "Siar-T1", "TP_i": 200}
{7 "Siar-T2", "TP_i": 200}
{"i": "Druz-T1", "TP_i": 200}
{"i"; "Druz-T2", "TP_i": 200}
{"i": "Kara-T1", "TP_i": 200}

[, "Kara-T2", "TP_i": 200}
]
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5.2 Output text file solution.out for Minsk case

Value=2763
Capital cost=9855000

Operating cost=4968880

Route <Al1>

Stops: <Vaneeva-D(V)> <Kira-T(Kira)> <Vias-T(Vias)> <Kira-T(Kira)>
Total passenger capacity of new e-buses=612

Length of the traffic interval=9

The required length of the traffic interval=18

E-bus <kE433>
he number of new e-buses=4
Capital cost of new e- buses—190000()

Operating and energy cost of new e-buses=1075520
Bus is charged at:

Station type <CS1> at node <Vaneeva-D(V)>
Station type <CS1> at node <Kira-T(Kira)>
Station type <CS1> at node <Vias-T(Vias)>

The number, of old e-buses <F433>=4
The order of departures

es/es/es/es/es/es/esles
T PP PP R S P R
COCOCRCRCOCOCE0
ISR

Route <T59>
Stops: <Vaneeva-D(V)> <Daug-T(Daug)> <Siar-T(Siar)> <Daug-T(Daug)>
Total passenger capacity of new e-buses=153
Length of the traffic interval=11

The required length of the traffic interval=26

E-bus <E433>
he number of new e-buses=1
Capital cost of new e-buses=475000

Operating and energy cost of new e-buses=268880
Bus is charged at:

Station type <CS1> at node <Vaneeva-D(V)>
Station type <CS1> at node <Daug-T(Daug)>
Station type <CS1> at node <Siar-T(Siar)>

1 <T420> with total passenger capacity=115

The number of old e-buses <E433>=7
The order of departures

PR S S o B B
COCORDCICOCICD
SO TaTCoT0

PP Dl eI S

W
QO
W

Route <T43>

Stops: <Vaneeva-D(V)> <Druz-T(Druz)> <Siar-T(Siar)> <Druz-T(Druz)>
Total passenger capacity of new e-buses=228

Length of the traffic interval=10
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The required length of the traffic interval=14
E-bus <E433>

The number of new e-buses=

Capital cost of new e-buses= 475000

Operating and energy cost of new e-buses=268880
Bus is charged at:

Station type <CS1> at node <Vaneeva-D(V)>
Station type <CS1> at node <Siar-T(Siar)>

E-bus <E490>
e number of new e-buses=1
Capital cost of new e-buses=400000

Operating and energy cost of new e-buses=168400
Bus is charged at:

Station type <CS1> at node <Vaneeva-D(V)>
Station type <CS1> at node <Siar-T(Siar)>

The number of old e-buses <E433>=4
The order of departures

3
Route <T20>
Stops: <Vaneeva-D(V)> <Kira-T(Kira)> <V-S(V)> <DS Sera-T(DS Sera)> <V-S2(V)>
<Kira-T(Kira)>
Total passenger capacity of new e-buses=1005
Length of the traffic interval=12
The required length of the traffic interval=18

E-bus <E433>
he number of new e-buses=6
Capital cost of new e-buses=2850000

Operating and energy cost of new e-buses=1613280
Bus is charged at:

Station type <CS1> at node <Vaneeva-D(V)>
Station type <CS1> at node <DS Sera-T(DS Sera)>

E-bus <E420>
he number of new e-buses=1
Capital cost of new e-buses=350000

Operating and energy cost of new e-buses=209520
Bus is charged at:

Station type <CS1> at node <Vaneeva-D(V)>
Station type <CS1> at node <DS Sera-T(DS Sera)>
1 <T420> with total passenger capacity=115

The order of departures

gs/es|es/eslesilesles!
P PP PP R P P
I YT IR
OSSO

1433
Route <T40>

Stops: <Vaneeva-D(V)> <Kara-T(Kara)> <Druz-S(Druz)> <YZap-T(YZap)> <Druz-
S2(Druz)> <Kara-T(Kara)>

Total passenger capacity of new e-buses=765

Length of the traffic interval=14

The required length of the traffic interval=28

E-bus <E433>
he number of new e-buses=5
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Capital cost of new e-buses=2375000

Operating and energy cost of new e-buses=1344400
Bus is charged at:

Station type <CS1> at node <Vaneeva-D(V)>
Station type <CS1> at node <Kara-T(Kara)>
Station type <CS1> at node <YZap-T(YZap)>

1 <T420> with total passenger capacity=115

2 <T333> with total passenger capacity=340

The order of departures

E433 . .
New charging stations

Charging stations at node <DS Sera>
Type <CS1> number=1

Capital cost of stations=250000
Operating cost of stations=5000

Connected to transformers: )
<DS Sera-T1> (cost of connection=5000)

<DS Sera-T2> (cost of connection=>5000)
Charging stations at node <YZap>

Type <CS1> number=1

Capital cost of stations=250000
Operating cost of stations=5000

Connected to transformers:
<YZap-T1> (cost of connection=5000)

<YZap-T2> (cost of connection=>5000)
Charging stations at node <Siar>
Type <CS1> number=1

Capital cost of stations=250000
Operating cost of stations=5000
Charging stations at node <Kara>
Type <CS1> number=1

Capital cost of stations=250000
Operating cost of stations=5000

Connected to transformers:
<Kara-T1> (cost of connection=5000)

<Kara-T2> (cost of connection=5000)
Transformer power demand
<Vaneeva-T1> power=200
<Vaneeva-T2> power=200
<Kira-T1> power=200
<Kira-T2> power=200
<Vias-T1> power=200
<Vias-T2> power=200
<DS Sera-T1> power=200
<DS Sera-T2> power=200
<YZap-T1> power=200
<Y Zap-T2> power=200
<Daug-T1> power=200
<Daug-T2> power=200
<Siar-T1> power=200
<Siar-T2> power=200
<Druz-T1> power=200
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<Druz-T2> power=200
<Kara-T1> power=200
<Kara-T2> power=200
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