Calculation of LV and MV electricity grid with
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- Arc Flash analysis according to IEEE 1584-
2018.

- Calculation reports.

~| - Generation of single-line and multi-line dia-
grams or functional diagrams related to auxi-
liary elements of the devices, on DWG and PDF
files, compatible with CADelet, Eplus and iDEA.
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Extended Networks with Distributed Genera-
L tion from Renewable Energy Sources (RES)
O A calculation model has been implemented to
conduct a comprehensive study of extended
networks, particularly those with distributed
generation, whether it be from wind or photo-
voltaic sources.

The model takes into account the dissipative
and reactive elements of the lines, as well as
managing capacitor banks and shunt reactors.
«| Naturally, wind generator units are included,
with three types, as well as guided and control-
led definition of photovoltaic generators. For
the latter, an automated process is provided to
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Ampere Evolution is the software for calcula-
ting extended electricity networks, with distri-
buted generation from RES, wind and
photovoltaic sources. Calculates LV and MV net-
works, alternating and direct, according to CEl
64-8, 11-17, 17-1, CEI EN 62271-100, IEC 60364,
60909, 61660-1, 61936-1 and international
standard NF C 15-100 (French), UNE 20460
(Spanish), BS 7671 (English), NBR 5410 (Brazi-
lian), NFPA 70: NEC (American).

Includes EGlink for integration into the BIM en-
vironment with Autodesk-Revit®.

Main features

Ampeére Evolution is an extension of Ampere
Professional and it maintains all its features,
summarized below.

- Management of job orders.

- Saving and sharing projects in EG Cloud.

- “Multi-project” mode for collaborative work
between multiple operators or on complex net-
works.

- HV/MV/LV supply from one or more connec-
tions.

- Synchronous and asynchronous generators and
UPS.

- Sizing of the ground network.

- Guided definition of panels and overtempera-
ture verification.

- Definition of users, import from CAD, multiple
editing.

- HV/MV/LV transformers with continuous or di-
screte automatic regulation, TWT, Zig-Zag, ac-
cording to EU n.548/2014.

- Analysis of the harmonic profile.

- Definition of the network with uprights, joints
and parallels.

- Network configurations and analysis.

- Variable frequency and AC/DC, AC/AC and
DC/AC converters.

- Sizing of LV cables according to EU regulation

Integrations

CADelet Impianti, Eplus: electrical system engineering.

no. 305/11 for CPR cables.

- Calculation of MV faults, with 67 or 67N type
directional protections and calculation of the
total UE earth voltage on the primary of MV
transformers in fault conditions.

- Balancing of single-phase loads.

- Automatic grid power factor correction.

- Sizing with busbars.

- Motor starting with VFD inverter.

- AC and DC storage systems.

- Power dissipated by the network.

- Archive with over 93,000 protective equip-
ment with complete features.

- Use of electronic releases with ANSI/IEEE
C37.2 functions.

- Assignment of mechanical opening times of
MV circuit breakers.

- Calibration of MV releases according to CEl EN
62271-100 (CEI 17-1).

- CT, VT and Zero Sequence CT measurement
and protection transformers in MV (direct and
indirect), with saturation checks according to
CEl 0-16 for CT and Zero Sequence CT and dy-
namic analysis on all

guide the correct selection of photovoltaic pa-
nels, associable inverters, and the definition of
connections and sectionalizations for the pho-
tovoltaic array.

Longitudinal and transversal grid’s elements
The calculation model considers the longitudi-
nal elements of the lines, both resistive and in-
ductive, which typically exhibit their influence
on extended networks beyond kilometers.
Additionally, the capacitive transversal ele-
ments of the network are taken into account,
calculating their contribution to the total cir-
culating currents.

This allows for the balancing of reactive po-
wers, typically inductive, of the loads.

Active and reactive powers

The active and reactive powers dissipated
along the lines due to the resistances and in-
ductances of the cables and transformers are
calculated. To the powers (P, Q) absorbed by
the loads, the line powers (Pr, Qr) are added,
representing the total powers (P+Pr, Q+Qr) cal-
culated at the upstream node of each load and
supply.

These powers are used for advanced study of

types of fault current.

- Check lines and protec-
tions, check the interrup-
ting capacity according to
EN 60947 or EN 60898 and
any  cost-effectiveness

Power supply
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@ Consider Capacitor Banks BC
8 Consider Shunt Reactors RS
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criterion.
- Verification of the maxi-
mum voltage drop when

o d and
P/ Curve: Over-cccitotion and Under-excitation fimits equal to Q = 35% Pnd (Wind and Photovoltaic Type 1and 2)
8 P/Q curve: minimum limit in over-excitation equal to Q = 30% Pnd (photovoltaic Type 1; wind Type 2)

Power threshold Pd below which reactive power is not guaranteed (grey filled area) [% of Pnd]

limits

(JP/Q curve: minimum limit in over-excitation equal to Q = 20% Pnd (Type 1 wind turbines)

starting the motors.

- MV/LV selectivity.

- Fault conditions accor-
ding to IEC 60909 and IEC
61660-1 standards for di-
rect current.

V/Q Curve: Minimum V/Vnom [%]:

Type of generator/inverter regulation

V/Q curve calculated at % of Pnd [3%]:

V/Q Curve: Under-excitation Limit [%]:

Capability curve tracking quality: <Sufficient>

% - V/Vnom maximum [%}: 110 “

(O Synchronous regulation, recommended for systems that use only one type of curve

© Asynchroneus regulation, recommended in the presence of mulfiple curve types (lenger calculation times)

. \ =
- Calculation of overtem-
perature in panels accor-

35 - Over-excitation limit [%]: EN) -
Capability curve P/Q \d
( Capability curve V/Q [}
Conce

CADelet Professional: electrical system and wiring diagrams engineering.

CADelet Schemi, iDEA: wiring diagrams for industrial automation.




\
Photovoltaic module
Photovoltaic module: |REC SOLAR REC305MPBlack | Select... -
Rated power: 305 Wp| Surface: 1,67 m* Properties
Use power optimizer
[# Huawer sunzoooP-375W ~] Properties
Inverter
SR Min: . s :
Number of modules: z Total surface: 2839 m* Power: 5,19 kWp
i #8" Configuration wizard {
Inverter: [HUAWEN sUN2000-5KTL-L1 | Manual sel.
Number of inverter: = +|[— Maximurm usable inputs: 1 - Properties
Trackers: Inv. 1
) Nr. of tracker String 1 String 2
E ric checks Optimizers in series 9% B
Voltage: v Parallel strings 1% =
Current: V, String maximum voltage F20,0V 7200V
Modules number 9 9
Powen v
[[]Same configuraticn for all inverters
Sizing result
Total modules: Rated power: 5 kKW Options
Peak power: 5,49 kWp
@ Protections
Total modules weight: 324 kg Sizing rate: 107.4 %
[l Storage

the capability curve when it's necessary to con-
sider the network contribution as the load va-
ries throughout the day, from idle to full load.

Propagation of capacitive currents

In modeling reality, a decision was necessary to
strike a balance between ensuring accurate
voltage drop calculations and currents seen by
protections, while also ensuring fair propaga-
tion of currents in interconnected networks.
Therefore, a capacitance model called pi-greco
is used: it is assumed that capacitance, unifor-
mly distributed along the line, is concentrated
in two half-value capacitors positioned at the
ends of the load.

There are exceptions:

« in terminal loads, all capacitance is placed
upstream of protections to ensure that (P, Q)
represents only the load power;

« in distribution loads connected to the supply,
all capacitance is placed downstream. Thus,
protections read total currents, and the supply
provides the total value for connection points
and capability curve calculations.

Wind turbine

Three types of wind turbines are envisaged,
each with an electrical model defined accor-
ding to the specifications of standard CEl EN
60909.

These models enable the calculation of short-
circuit currents for asynchronous generators,
doubly fed asynchronous generators, and full-
size converter generators.

Photovoltaic generator

A guided procedure allows for the complete de-
finition of the photovoltaic generator. From a
vast database, photovoltaic modules can be se-
lected, and based on the desired peak power
or available surface area, the optimal inverter

is chosen to meet the electrical coupling con-
ditions, with proposals for various resulting
string solutions. It is possible to define the
field segmentation and the type of cables and
protections to be used. Then, the definition
proceeds to the protections on the DC and AC
side (general device, interface device, and re-
lated protection) with the introduction of pro-
tections against external overvoltages (SPD).

Inverter configuration

The selection of the inverter is carried out with
criteria for energy and economic optimization.
It is coupled with the strings, analyzing various
possible combinations based on the characteri-
stics of the trackers

mounted on the inverter.

be step-regulated, therefore constituting a sin-
gle bank with fixed reactive power. The desi-
gner can create multiple similar loads with
different reactive power values and insertion
powers, but they are independent of each
other.

Shunt reactors

Shunt reactors are managed as a variant of in-
ductive loads. In particular they have a discon-
necting active power, which triggers the
opening of the reactor's protection when this
threshold is exceeded and re-engages when the
active power absorbed at the supply level re-
turns to a lower value. Additionally, these in-
ductances cannot be step-regulated, therefore
constituting a single shunt reactor with fixed
reactive power. The designer can create multi-
ple similar loads with different reactive power
values and insertion powers, but they are inde-
pendent of each other.

P/Q and V/Q capability curves

The software manages P/Q capability curves
for generators and inverters, according to the
manufacturer's model, with point-based cur-
ves, parameterized in voltage and tempera-
ture.

The P/Q and V/Q capability curves of the plant
(according to Terna's attachments A.17 and
A.68) is calculated at the connection point
based on the curves of each generator, the in-
fluence of loads present in the network, and
takes into account the influence of the longi-
tudinal and transversal parameters of the net-
work, namely resistances, inductances, and
capacitances, as well as the losses incurred by
transformers. Additionally, if present in the
network, capacitive and inductive loads used
for automatic compensation of reactive powers
will be considered, defined as capacitor banks
and shunt reactors.

Export P/Q and V/Q capability study table to
xls file.

A homogeneous layout of
the strings is assigned for

each individual tracker.
Search filters by manu-
facturers and types are
available.

Capacitor banks
Capacitor banks are ma-
naged as a variant of ca-

pacitive loads. In
particular, to comply

with Terna's regulations,
they have an active in-

sertion power that trig- 0.3
gers the closure of the
bank's protection when

this threshold is excee-
ded, and disconnects it

when the active power
absorbed at the supply

level returns to a lower

value. Additionally,

Data; 18/07/2024
e Responsabile: Paolo Banchi
Capability curve V/Q Cliente: SUNBSON
Power fed into the grid Working limit values  Capability curve V/Q
Maximum active power [\W] 1160,47 At active power Pnd [kw]: 1168,2{1180,0
Power supply: Maximum reactive power Q [%]: 62,1
Active power P [KW]: 1160,44 Minimum reactive power Q [%]: -66,53
Reactive power Q [KVAR]: 42,94 Over-excitation limit [%]: 30
Power factor: 0,998 Under-excitation fimit [%]: -35
vivnom
1.1
1.05
QfPrd
; h
+
0,30
0.95
09
Uniits with active Capability curve seen by the supply
Unit(Panel) Capability curve sn[kval Pnlkw] Cos(f)
T1_1 (IW_CAMPO_1) DS SG-HX 5G350HX PF Mode 356,27 250 1
T1_1(INV_CAMPO_3) MDS SG-HX SG350HX Q(t) Mode: 356,27 310 1
Ti_1 (IW_CAMPO_2) D5 SG-HX SG350HX Q(t) Mode 356,27 300 1
T1_1 (IW_CAMPO_4) MDS SG-HX SG350HX Q(t) Mode: 356,27 320 1

these capacities cannot

System requirements: Computer with 3 GHz or higher processor.
At least 8 GB RAM. Hard disk with at least 6 GB free space. 1024x768 screen resolu-
tion. USB port, mouse, printer or plotter.

64-bit 0.S. Windows 10 or 11.






