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Background and justification
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O01. Introduction

Objectives

1. To define a mathematical model that represents the dynamics of a photovoltaic system.

2. To analyze the operational principles of traditional Maximum Power Point Tracking
(MPPT) algorithms and identify more sophisticated control algorithms, in such a way
that the PV system can mantain active power reserves.

3. To propose new and more advanced PV system control techniques, so that they can
contribute to specific objectives of power system operation and control.

4. To validate experimentally the proposed techniques via Hardware in-the-loop (HIL).

14th Mediterranean Conference on Power Generation, Transmission Distribution and Energy Conversion, Athens, Greece, 3 - 6 November 2024
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02. Evaluation of conventional
photovoltaic MPPT algorithms

 More than 70 review papers between 2015 and 2020.

* No systematic methodology for developing, testing and compare MPPT algorithms.
o Different PV system configuration.
o Different types of simulation: switched vs state-space models.
o Different irradiance dynamic test procedures.

Table 2.1 Classification of Photovoltaic MPPT Algorithms Based on their Operational Principles (Xingshuo Li, Q. Wang, et al.|2019).

Algorithm References Strong Points Drawbacks
Femia et al. Easy implementation Steady-state oscillations
Hill Climbing Elgendy, Zahawi, and Atkinson 2015
Safari and Mekhilef 2011 Reduced cost MPPT Drift

Alajmi et al. 2011
Fuzzy Logic Control  Xingshuo Li, Wen, Hu, and Jiang|2019 Performance in variable conditions Require extensive knowledge of the system
Tang et al. 2017

Curve fitting Blanes et al. 2013 High accuracy Need for specific measurements
MPP Locus J.-C. Wang et al. 2011 Fast tracking speed Insufficient tracking accuracy
Brito et al.|2013 . . .
Beta Jain and Agarwal 2007 Adaptive step size Need for parameter tuning
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02. Evaluation of conventional
photovoltaic MPPT algorithms

o Different PV system configuration.

The PV array with just the DC-DC conversion stage is

Table 2.2 Comparison of the proposed methodology with the methods proposed in

enough to test the performance of the MPPT algorlthm' Batzelis, Anagnostou, and Pal 2018 and Xingshuo Li, Wen, Hu, Du, et al.
2021.
o Different typeS of simulation: switched vs State'Space Method Algorithms Dynamic Tests Methodology
models. Batzelis, Anagnostou, and Pal 2018 P&O EN50530 State-space
FS-P&O
State-space modeling runs faster and has applicability to Xingshuo Li, Wen, Hu, Du, et al. 2021 VS-1C EN50530 Experimental
any software. HS-3
P&O Stepped
. . ) ) Proposed DFE-P&O EN50530 Simplified
o Different irradiance dynamic test procedures. O e S State-space
dP-P&O Day-by-day

The use of three dynamic tests provides deeper
performance analysis of the algorithms.
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02. Evaluation of conventional photovoltaic MPPT algorithms
State-Space Model of the PV system

PV Array - Single Diode Model Boost Converter
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02. Evaluation of conventional photovoltaic MPPT algorithms
State-Space Model of the PV system
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02. Evaluation of conventional photovoltaic MPPT algorithms

Results of the stepped dynamic simulation - Zones 1 and 2
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02. Evaluation of conventional photovoltaic MPPT algorithms
Results of the Day-by-day simulation
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03. Curtailed operation of photovoltaic systems

Motivation

* PV production is decoupled from grid frequency.

PMPP

e Solar resource is, to a certain extent, difficult to
predict.

PRES
* In order to provide ancillary services, different

approaches have been proposed in the literature:
using Battery Energy Storage Systems (BESS) or by
power curtailment methods.
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03. Curtailed operation of photovoltaic systems

Table 3.1 Existing and proposed methods for estimating environmental conditions while
operating suboptimally.

Estimation Operation Controlled

Method

Outputs Side Variable

- R e— MPP .
Batzelis, Kampitsis, and Papathanassiou 2017 Right PV Power
P —V curve

Sangwongwanich, Yang, Blaabjerg, and Sera 2017 MPP Left PV Voltage

A. F. Hoke et al. 2017 MPP Right PV Voltage

Xingshuo Li, Wen, Zhu, et al. 2019 MPP Left Duty cycle

MPP Left
Proposed PV Voltage

P —V curve Right
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03. Curtailed operation of photovoltaic systems

Non-linear Least Squares Curve Fitting

RsRsh [Sexp (RsRsh(Iph+Is)+Rsthv)
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where 0 = {Ln, Is,n, Ry, Rsn} and f(Vpw s, 0(G, Teenr)) is:
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03. Curtailed operation of photovoltaic systems
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03. Curtailed operation of

photovoltaic systems

Photovoltaic voltage control
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03. Curtailed operation of photovoltaic systems
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04. Photovoltaic Power Ramp-Rate Control

Photovoltaic PRRC via power regulation

T T T T T T
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* PV voltage control introduces
undesired power peaks.

- -
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«  When irradiance suffers major
drops, the PV system cannot
follow the power reference.

Power (W)
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* PV power regulation is more
suitable for PRRC strategies.
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04. Photovoltaic Power Ramp-Rate Control

PV system under study - System identification
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04. Photovoltaic Power Ramp-Rate Control

PV system under study - System identification
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04. Photovoltaic Power Ramp-Rate Control

Proposed photovoltaic PRRC
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04. Photovoltaic Power Ramp-Rate Control
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Proposed photovoltaic PRRC - Simulation results

Case Study 2

0
2500 r—r5e5 = 800 T—ap-p&0 ]
= —PRRC-5% ~ || ——PRRC - 5% J
% 2000 f{ ——PRRC - 10 % 1 8 800 T hRRe 10
5 ——PRRC-20 % £ 400 [| ——PRRC - 20% 1
2 1500 £ 200 L~~~ Ramp limit
o g rmm AT YT MH—m-—oe -
- 1000 £ 0
S0 s NN YN B R Yl T
[al g -200
500 L L L L L L L L L L L % '400 C L L L L L L L L L 1 -
10 20 30 40 50 60 70 80 90 100 110 Ay 10 20 30 40 50 60 70 80 90 100 110
Time (s) Time (s)
a) b)
4 : 1500 : : ‘
——dV,- 5% —AP-5%
V- 10% ——AP-10%
9 2 1 — AP - 20%
< ———dV,- 20% < 10007
S : g
=0 A
s < 500
-2
L L L L L L L L L L L 0 I 1 1 L |
10 20 30 40 50 60 70 80 90 100 110 10 20 30 40 50 60 70 80 90 100 110
Time (s) Time (s)
c) d)
15 ‘ 1200 ———— 55
Real S
1 \E 1000f = = Estimated 14 :
. % 800 Rel. Error . é
"‘23 05F 1§ 600 e
ol Mode - 5% i _g 400 E
Mode - 10% B o]
Mode - 20% g 2007 /\ “ ! ?;
-0.5 = 0 0
10 20 30 40 50 60 70 80 90 100 110 10 20 30 40 50 60 70 80 90 100 110
Time (s) Time (s)
e f)

14th Mediterranean Conference on Powe

TRANST ‘

Ramp-rate Max. Ramp Max. Ramp Number of Average of
Method
limit (W/s) (4+) (W/s) () (W/s) violations  curtailment (%)
dP-P&O N/A 827.0 -321.5 28 0.0
Proposed (5% res.) 100 100.0 -321.5 11 10.0
Proposed (10% res.) 100 100.0 -264.4 3 14.2
Proposed (20% res.) 100 100.0 -100.0 0 23.2
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05. Photovoltaic systems in-the-loop

Methodology
Host PC
e It consists in a cyber-physical testbed for
co-simulation real time dedicated to
analyze PV systems.

—‘ Ethernet
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* The cybernetic layer is formed by control
and communication elements, and the
software used to control the physical layer.

Typhoon HIL signals
: : @ 2 1/0 Anal
* The physical layer involves the hardware sigrlll:lso ¢
used in the testbed. /
. 1T/O Analog
signals =
Oscilloscope Connection board
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05. Photovoltaic systems in-the-loop

Experimental validation of the proposed
photovoltaic PRRC via power regulation
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Thanks!

Do you have any questions?

info@transitproject.eu

https://transitproject.eu/

PO
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