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ABSTRACT

Photovoltaic (PV)-Diesel microgrid system is coesétl

as an efficient solution to help reducing operatmost
and pollution emission on islanded sites, which are
initially supplied by diesel generator plant. Indar to
ensure system’s stability face to PV production
intermittency, technical solutions such as designin
advanced control strategy or adding energy storege

be considered. To evaluate the benefits of thalséiens
simulation and experimental test are carried out.

Two study cases are considered in simulation. ke f
system is a 100kW-scale and the second systeril\4/10

scale. Each case represents a multi-gensets system

combined with a PV production. Simulations are Hadd
with respectively rule-based and advanced controbf
period of 43 days with different daily PV profiles.
Indicators such as undistributed energy (UNE), fuel
consumption and operating time are computed foheac
simulation. Sensibility analysis is performed fdfedent

PV installation rates. Experimental testing has rbee
carried out on the smaller system. From these stydi
benefit values of advanced control and storageegysh
terms of system operation cost and stability watydar
PV-Diesel system are demonstrated as well as storag
system sizing dependence on system design andetora
management strategy.

INTRODUCTION

In a previous work, it has been shown that using
advanced control strategy with PV short term foséca
allows to have operation cost gain compared to-rule
based control strategy in a hybrid system withtatage
[1]. Simulations of typical PV day profiles also
highlighted that in case of rule-based control, iagld
storage helps to improve PV production penetratide,
reduce system operation cost and better warratgrays
stability. As storage system is expensive, miningzi
storage size can offer an interesting economicfiistfier

the total system cost. Storage system sizing haveke
into account system’s configuration, such as genset
rated power, PV penetration rate and also systerrao
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strategies.

In this work, in order to evaluate and comparedhin
obtained by storage system and advanced contral to
PV-Diesel system, additional simulations are cdroat
with more PV profiles and study cases. The studgsa
represent two system size levels in which technical
requirements are different.

SYSTEM DESCRIPTION

The architectures of two studied system are simdar
described in the Fig.1. Each system is composéureé
diesel generator, one PV system, one storage systdm
loads. The systems are managed by a centralizedEn
Management System (EMS). The sizing of different
elements such as maximum load power, PV peak power
and genset nominal power in the system in casedl an
case 2 are given in Table 1. Gensets main chaistater

of each case are provided in Table 2.

TT T

Figure 1 PV-Diesel systems architecture

As described in Table 1, system case 1 represesmsakh
scale power system, which can be found in a sjpecifi
electrical installations such as farm, military,
telecommunication or community sites. In such syste
power supply quality requirement can be conside®d
of a medium level which means that power supplytmus
be continuous for most of time, but short and bare
interruptions are allowed. On the contrary, a syste
represented by case 2 with much higher power scale
(more than 10 MW) are usually installed for big
industrial sites. In function of industrial proceg®wer
supply continuity can be highly critical and no
interruption tolerance. In this case, the power toalse
ensured at any moment.
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PmaxL oad PVPeak PmaxPRP Genset
System 50 kWp; 100 kWp;
case 1 100 kw 150 KWp 3 X 32 kW
System 12.5MW;
case 2 MW osmwiaz.smw | 3 X8IMW
Table 1 Power sizing of two system cases
PmaxESP | PminPRP | Tstart_ | Tstart. | T_min_
Genset Genset cold hot ON
System 3X35 3X9.6
case 1 kw kW 10s 10s 0
System| 3X9.8 3X27
case 2 MW MW 6 mn 6 mn 60 mn

Table 2 Main characteristics of gensets in two systases

In Table 2, several of the main characteristicsthef
diesel generators used in two system cases aedl,list
where:

- PmaxESP Gense&t Emergency Standby Power (ESP) -
the maximal power which can be provided by genset,
during a limited duration per year;

- PmaxPRP Gensds Prime Power — nominal power
which can be provided by genset during unlimited
running hours;

- PminPRP Genseis minimal recommended running
power of genset, which is usually fixed as 30% raf t
nominal power;

- Tstart_coldandTstart_hofare respectivly starting delay
from a “cold” state and “hot” state

- T_min_ONis the minimal operation duration of genset
for each starting. This constraint limits the numbé
gensets state change during a period, which ierfett
their maintenance.

Beside those parameters which are important for PV-
Diesel system simulation, genset modelling in the
plateforme SPIDER, developed in CEA-INES [3] takes
into account genset fuel consumption data. Thierdas
normally provided by manufacture datasheet under a
table format with several measured points. Intextioh
between those points is done in order to computsage
consumption at any situation.

Storage system is Li-lon technology electrochemical
battery, modelled such a way that it can be scalabl
according to the battery nominal power and energy
capacity.

Control methods

PV-System EMS contains two-levels control strucase
described in the Figure 2, with:

- High level control using forecast data such as
PV production forecast and load forecast to
compute genset dispatching planning;

- Operational control level with power sharing
between production units such as PV
production, gensets and storage.

Similar as our previous works, 2 modes of systentrob
were implemented and tested for each study case:

- S1 - rule-based strategy which only operational
control level implemented. In this mode, gensets
power sharing is carried out simply based on net
load power, which is the difference between the
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initial load and PV production. Results in [1]
showed that with this method, fuel consumption
is optimal. However, in case of high PV
integration rate, system power unbalanced
situation may happen.

- S2 — advanced strategy with two levels fully
implemented. In the planning level,
optimisation is carried out using PV-short terms
forecast data in order to compute gensets
dispatching. In a base of operational control
time step of 10s, planning computation is
launched every 2mn for upcoming hour, or
whenever an event happens.

Control with SteadyEye

Genset Unit

Pl ntrol

o B _Q_ Comitmment for the
next hour

PV forecasts —
Load forecasts

Genset states meas. (e
measures =t PV Pac meas.

> set points
PV load meas.

Figure 2 2-leves control system

PV data

43 days of PV profiles are tested. Those profiles
represent various weather conditions during a yeaar
sunny days, days with mixed condition and very djou
weathers. Some examples are illustrated in Figure 3

1 —— 1
PV production, p.u
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Figure 3 Different PV daily profiles

Absolute values of PV production are scaled with
PVPeak values in Table I.

PV production forecast [4] is obtained using a skgger
installed on site. The camera takes hemispheritogtaf
the sky every minute. These images are
automatically sent to a server or a local PC Jimii#t-in
Power over Ethernet connection. Using image prangss
algorithms in conjunction with a cloud mass movemen
forecast and physical models, the state of thedobmwer

is forecasted for a very short term along with plent’s
production.

then
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The percentiles from 10% to 90% (cf.Figure 4) are
provided in addition to the mean expected power P50
(and/or irradiation level — GHI) as confidence sators.
Calculation of percentiles are mainly based on clou
movement uncertainty. The use of the confidenaaat
(for instance: P20-P80) allows to anticipate risk o
irradiation/production drops. The proposed conteties
on the percentile P20.

Pactual Pforecast

Figure 4 PV forecast percentiles

STORAGE SYSTEM SIZING

Simulations are firstly carried out on systems with
storage in order to analyse and compare contratiegly
influence according to PV integration rate in eatkthe
two systems. The study performs simulations wittP¥3
daily profiles containing various typical days.
Comparisons between S2- advanced control strated)y a
S1- rule-based control strategy are carried outdbas
the following main indicators:

- Undistributed energy (UNE): this indicator
point out systems’ continuity of service and
their stability. UNE is expressed on energy
guantity and period.

- Fuel consumption and genset operation period:
those indicators represent the main part of
energy cost in islanded PV-Diesel system.

Secondly, storage is added with various size tdeac
simulation. The purpose of adding storage is toidma
complementary service to the strategy S1 such aeran
that this combination can offer the same performaas
the strategy S2.

SIMULATION ANALYSIS

Some examples of daily simulation are showineur !
Sour ce du renvoi introuvable..

Indicators computations from simulations reconfirm
conclusions of previous works:

- Strategy S2 based on planning optimization
using PV short-term forecast data offer a good
technical-economical compromising with
reduced UNE indicators compared to strategy
S1;

- Interms of fuel consumption and gensets
operation time, the two strategies are almost
equivalent;

The benefits of strategy S2 are increased as well a
with high PV integration rates and with big sizeveo
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system.

Figure 5 day simulation with S2 control

Figure 6 illustrates some results on system of 2asdth

a PV peak power of 100% and 150% of the maximal loa
power PV _rate= 1 or 1.5). In those graphs, system
stability UNE indicator is computed for differerdises:

S2 and S1- rule-based control strategy withoutagter
and then S1 control strategy with storage system of
various sizing, from 20% to 100% of PV peak power.

It can be observed that, in such case of high R¥ ra
integration, using S1 strategy bring to high UNEiqa
around 2% of total operation duration which
considered as highly critical constraint for sudystem.
This UNE period is essentially due to gensets slaigy
while PV production rapid decreasing or load insieg
periods. Using S2 strategy with PV forecast helps t
predict PV variation events, adapt gensets dispajcio
that UNE is avoided. Hence, with this strategy UNE
period is strongly reduced, down to 0.1% of total
operation duration. Adding storage during gensett st
transition period in case of S1 strategy is alseféinient
option, as showed by the same figure. For all casts
storage, storage energy capacity is sized in otder
provide its maximal power during three successive
genset starts. One can see that UNE is reducec whil
storage maximal power increases. RM-rate of 1 or
1.5, a storage with a maximal power of 409°0f Peak
Power i.e. 10MW and 15MW respectively, can help the
system controlled by S1 strategy to get the samg ON

is

S2 strategy. Storage nominal capacity values
corresponding for those cases are 3MWh and 4.5MWh
respectively.
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Figure 6 Comparison in terms of undistributed engugyiod
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EXPERIMENTAL TESTS

In the second step, experimental test in laboratsry
carried out to validate control algorithms impleradion
on study case 1, i.e. 100kW-scale system. Tesermsyst
diagram is showed in and some test results in Eigur

EMs
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ACBus
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PV Emulators (24 kW)

Inverter (25 kW)

Energy Storage System
100 kWh with (+/- 33 kw)

1
[
1
1
1
1

Load bench (125 kVA)

Figure 7 Test system configuration

PV emulators have been used to perform similar
conditions as simulation studies. UNE situatiorvidg

to a black out with S1 strategy is reproduced asvsd

in Figure 8. Event at 360 s combining a load insire;
and PV drop has strongly increased the net loadeval
Genset 2 is called for start at this moment butnguits
state transition, power balancing is lost, driviogenset

1 shut down and to stop all the system. Test uSiag
strategy then storage addition to the system asdinee
condition show the advantages of these solutiorgoto
through high variation events, as showed in Figlre
Indeed, during genset 2 start transition periodragfe
discharges to help genset 1 keeping system prauhicti
load balance (from 360s to 390s). After this permute
genset 2 is ON, storage power discharge is stoppdd
the system continue to operate with the two gensets
production.
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Figure 8 Test with S1 strategy, UNE apparition
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Figure 9 Test with S1 strategy and storage

CONCLUSIONS

In this work, the stability challenge of hybrid Pesel
system is studied through simulations and experiaten
tests. Advanced control and storage system integrat
solutions are successively considered which show
benefits in terms of system stability face to P\d &ad
high variations. Sensibility analysis are carriag by
simulation with variation on system sizing, PV
integration rate and PV production profiles. Sterag
sizing with stability criteria is studied in ordercompare
the combination of storage and rule-based conerdus
the use of advanced control with PV forecast data.
Although more complete studies with better stodbast
analysis of PV production and PV forecast reli&piire
needed, those results allow to have good indicaiars
values that storage or advanced control can bring t
hybrid system operation.

For the next step, combination between advancetiaion
and storage will be studied and further investayaton
economic benefits of these options will be discdsse

REFERENCES

[1]T.-P. DO, F. BOURRY, and X. LE PIVERT, 2017
“Assessment of Storage and Photovoltaic Short-term
Forecast Contribution to Off-grid Microgrid Operatj”
ProceedingdEEE PES ISGT Europe 2017,ID 1243.

[2] Standard 1SO-8528-1:2005

[3] F.Bourry, 2016, “Benefits from short-term
photovoltaic power forecasts for microgrid openatio
International Conference on Solar Technologies &
Hybrid Mini Grids “, Frankfurt.

[4] Steadysun, Fiche Steady Eye, Online, Available:
-http://steady-sun.com/wp-content/uploads//Fiche-
SteadyEye-A4-EN-20160614.pdf

Page 4 /4



