H%*MER International SIEMENS
MICROGRID Conferen lngenuity for Ufe

EE%E[@

-~ Homer Simulation with Digital

3

- Twin Microgrid Controller

3 Dino Ablakovic - Senior Solutions Architect

AR e ol

SIEMENS AG - Germany

siemens.com/digitalgrid




Microgrid Controller SIEMENS
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Main functions:

Genset, PV and BESS control
Islanding/Grid connection
Tie line control

Operation modes - Dispatch

A
Tariff monitoring and supervision—=: |
Monitoring and Archive @ n_

Event Alarms

User Interface (SCADA) |
Web and Remote connection Microgrid Controler
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Microgrid Controller Digital Twin

SIEMENS

Digital Twin
A digital twin is a virtual $
representation of a physical

product or process :f_
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Microgrid Control Hierarchy

SIEMENS
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Tertiary Control )
Import/Export Microgrid MG Demand
Control Dispatch Response -
Load Generation Load
Forecast Forecast Management
Microgrid Controler —
Secondary Control Fast /Periodic
Sequence of Frequency Voltage
Automatic Feeder Automation & , Protocol fi 1
. Power Quality
Islanding & Emergency Load . _ L 154
o Shed Analysis Conversion '
Resynchronization ] )
— Automation Systems
Primary Power System Equipment —
Very Fast = -
Coupling Breakers Meters Disconnect " I = .
Breaker Switches e

Primary
Controller — RT Simulator
" Very Fast
PV Diesel Fuel CHP Energy Building Primary Controlers
Cell Storage Mgmt

Very Fast

Distributed Energy Resources
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Digital Twin - Dispatch Algorithm SIEMENS
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Microgrid Controller Dispatch Algorithms in Homer
Cycle Charging
Load Following
Generator Order
Predictive
Combined (Load following or Cycle Charging)
Custom Microgrid Controller Digital Twin
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Digital Twin - Dispatch Algorithm

[ Bus balancing with backiracking ]

Compute sum of all loads for every bus

as well as minimal and maximal power of all components, § = 0 CONTROL OF BATTERY 1
T T 1 #include "MatrixComplFloatSolwer.h"
\T1_MODE_B % 2
T1_ton_s
e . B #include <complex>
JEATL_AUTIVE_PUITR_WAX_[KD] _ 4
JRATI_ACTIVE_PIER_ MR (k0] .
AT 30r_[1] 5 int
Yes Lo g cieee TS 6 MatrixComplFloatSolver::setupMatrixComplFloatSolver ()
D61_RELATIVE GENERATTOR_[Ly 7 91
JDG: RELATIVE GEWCRATIOR [Ly. 00010 't'itiiitiinriiirpnririerrinrriersy
Gt _RELATIVE_RENERATIOR_[Lps "' 1" "'/ ttitiiiieiie it 8
[ e 9 loadInputFile("InputFile.txt");
076 SELATIVE VENDRATION [y 10
:EljiiiiiiiijiiiiiiﬁZZ:KI 11 /* allocate and init memory used by host matrixX[width0] [height0]*/
o e 12 cl uint inputSizeVector = numofMatrices * 3 * 2 * sizeof(cl float);
_ i1 . oxity li 48 BT _MODE_B_LOW_SOF_LET Threshold_[11-0NGETH 13 - -
t=i+1, nt - i in priority list iiili::Z’Si:ij?i;i?iii;i;Z'f;ﬂi,‘i:ﬁi‘in 14 vectorU = (cl float *) malloc(inputSizeVector);
LT T C T e e ‘ 1 —
S PATL_THELIROLD_ (11 [ -
D% _tpinnning Fezezve VP (W] 16 if (vectorU==NULL)
C_P_TOTAL_FED_[xi] !
JRTL_30C_Seupoine VPPER_cELR 0 Uy : 17 B {
Balance current bus with connected components based on priorities ot —oredated 3 .0) IS ETTRETTR TR RRTRTEN Rt P 18 sampleCommon->error ("Failed to allocate host memory. (matrixx)");
o 8 - - - - T_0E_seheiuled oy |
+ Produce missing power while respecting setpoint restrictions imposed R e L e L HHE 19 return SDK FAILURE;
by previous dispatch of other buses LTt seneiuisd besmsine_ToIEID 20 - 1}
. SRS TETETT e 21
» If not pDSSI-b_lE.. . . PSR e R 22 /* allocate and init memory used by host matrixX[width0] [height0]*/
— Produce missing power with all available components at bus, ] ERRRERERI - 23 cl uint inputSizeBytes( = numOfMatrices * dimension * sizeof (cl_float);
[Pt C_DERK_SEAUTNG_INPENT_ILACK. (03
Ioce_pmax_ _twpurT_sTarx, ! =
ignoring additional stpoint restrictions I 24
_ E = e = e Ve 25 matrixX = (cl float *) malloc(inputSizeBytes0);
DzEn:rufE h!glm 1:nnrt_'.r affected bus, starting with that, add ?]I 22858 chcanacasanaas Ny o |
buses with higher priority than the cument bus to the backiracking MR N R ; omtary eragaare va o E fa v T IT T
list ,—W' C++ source file length : 47.296 lines: 1.769 Ln:1 Col:1 Sel:0|0 Windows (CRLF)  UTF-8
et eagaivere o v [ g et [ e

Cuorrent bus = next bus in backiracking list

Fig. 2. Phase 1: Bus Balancing Algorithm with Backtracking
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Microgrid Controller
Digital Twin

(Dispatcher)

HOMER API

Models
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B (l'l) ? HOMER Pro Microgrid Analysis Tool x64 3.13.3 (Pro Edition) ﬂ
FILE LOAD COMPONENTS RESOURCES PROJECT HELP

paXEROQarioTRAfL O ™ O |[EMENS

Home Design Results  Library = Controller Generator PV Wind Storage Converter Custom Boiler Hydro Reformer Electrolyzer Hydrogen Hydrokinetic Grid Thermal Load , ug,&b\u f{y «for (,"{Q
Vi Turhine Tank Controller
ew
Delete Copy To add a new component, start by copying an existing one. Import...

.

4 Components SIEMENS MicroGridController - this item is in your library.

4 Controller Defaults | Capabilities

HOMER Cycle Charging Name: SIEMENS MicroGridController Last Modified: 10/7/2019 8:47:42 AM
HOMER Load Following

HOMER. Pro Matlab Link

Abbreviation: MGC

HOMER Generator Order Manufacturer: Siemens AG

HOMER Combined Dispatch 1 Notes:

SIEMENS MicroGridController Siemens Microgrid Controller in Homer is a Digital twin component whcih simulates the

HOMER Predictive dispach algorithm of real SICAM AB000 Microgrid Control Application of Siemens AG
> Generator
[ Storage Requires one minute timestep
[ py External Controller
© Wind Turbine @ External DLL Details
> Converter [+
> Custom ; ;

File Name: MGCX64.dIl Processor Floating Point

> Hydroelectric Architecture Instructions %
> Hydrokinetic Id: 98d88f80-675f-40f8-9b80-5915d07b8694 | New Id x86 (®) x64 #) MNone SSE AVX AVX2

> Thermal Load Controller
) . Search path for additional libraries (DLL's):
[ Boiler

[> Reformer

[> Electrolyzer

> HydrogenTank = Unrestricted © Siemens 2020




) l; HOMER Pro Microgrid Analysis Tool 64 3.13.3 (Pro Edition)

_ LOAD COMPONENTS RESOURCES PROJECT HELP
N OaTiPdREfke 0@ OF 0

Home Design Results  Library  Controller Generator PV Wind Storage Converter Custom Boiler Hydro Reformer Electrolyzer Hydrogen Hydrokinetic Grid Thermal Load
Mo Turhins Tank Contraollar

SCHEMATIC DESIGN

Take Tour
_ CONTROLLER @ Name: | SIEMENS MicroGridContro  Abbreviation: | MGC
Setup Assistant
CAPABILITIES Cost
Min Max Capital Replacement

Component Bus

Qty Qty (%) ($)
10  AC 0.00 0.00
AC Lifetime

AC time (years): 25.00
AC
AC Maximum Renewable Penetration [J&]:

AC
AC RE Self Consumption

Add/Remove HOMER Cycle Charging HOMER Load Following SIEMENS MicroGridController

REQUIRED CHANGES Generator

(1) Add a load PV
—, WindTurbine
@ Add a power source

Storage
@ Add a renewable energy source Grid

Converter
Hydroelectric
Hydrokinetic AC

Hydrogen

Grid: Priority Rank:
HydrogenTan

Electrolyzer Hydrogen Generator: Priority:

Remove

Copy To Library

Reformer Hydrogen

Configuration
Boiler

ThermalLoad(

Th |
erma 1 Delete

[T T s R s Y s Y o T s Y s [ s s T o T s s |

Thermal

Storage Target Discharge Period [h]:

Siemens Microgrid Controller in Homer is a Digital twin component whcih
simulates the dispach algorithm of real SICAM A8000 Microgrid Control ¥ Storage Preferred Rest State 'Empty’
Application of Siemens AG

Grid: Storage Charge Threshold [€/kWh]:

Generic
homerenergy.com

Grid: Storage Discharge Threshold [€/kWh]:

Grid: Demand Charge Limit [kW]:

¥ Priority: Electric Bus




IB ("l) q HOMER Pro Microgrid Analysis Tool [DemoProject-Diesel-PV-BES5-MGC.homer]* x64 3.14.2 (Pro Edition)
FILE COMPONENTS RESOURCES PROJECT HELP

ﬁx‘k':‘:-iiiﬁﬁﬁ.r'

Home Design Results  Library

Electric #1 Electric #2 Deferrable Thermal #1 Thermal #2 Hydrogen Calculate

View

Summary Tables Graphs Calculation Report
Compare Economics 0 Column Choices...
Optimization Results - =
i Left Double Click on a particular system to see its detailed Simulation Results, Categorized Overall
Architecture Cost Syster
. .. | PV 500kWGen SMUD_GUS_M NPC CDE Operating cost Initial capital Ren Frac

o ogr BB f QINOUS_230kW/453kWh Dispatch
Tt Y ¥ 230kW/as3kwh ¥ 0P Dispateh ¥ @ ¥ (" @ T U @ ¢ M SR T @ Y
L B - 500 1 099,999 MGC $2.{]3M $D.1E4 $29,209 $1.65M 849
m : ER ﬁI 500 500 1 999,999 MGC $2.14M $0.173 $26,498 $1.80M 84.9
m ER j 500 1 099,999 CC $2.15M $0.154 $38,883 $1.65M 76.6
ol ] j 500 1 999,999 LF $2.15M $0.154 $38,883 $1.65M 76.0
aF o BB T 500 500 1 099,999 CC $2.27TM £0.163 $36,173 $1.80M 76.6
m _:"'L BB T 500 500 1 099,999 LF $2.27TM $0.163 $36,173 $1.80M 76.6
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‘ Time Series Detail Analysis

Hourly | Monthly | Profile | DMap | Histogram | CDF | DC |

Display pre-set plot: | Power Sources v

Values:
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200

100

kW

Date: 7/23/2007 10:00:00 AM

(%) Legend

.Total Electrical Load Served

.Grid Purchases

.Generic 500kW Fixed Capacity Genset Pov

Detailed View

-

.Generic flat plate PV Power Qutput
.Storage_23(}ka453kWh Input Power

@ All Data Series

-100

-200

-300

You are viewing plot. Power Sources

Make Default Delete
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Benefits vs Challenges SIEMENS

Ilz\gbv\uc\'y -foruft
Benefits

Digital Twin replicates the dispatch of a real Microgrid controller delivering same KPIs

Digital Twin is a software product tightly related to the real product in the lifecycle
Digital twin can be used for prototyping

Challenges
Simulation results are still mostly dependent on the input data
Compatibility of Homer and Digital Twins
Limited ability to simulate the effects of RT Control on the Dispatch Algorithm

Different development platforms of real product and digital twin
Versioning, Maintenance, Certifications
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Dino Ablakovic

Senior Solution Architect - Microgrid

dino.ablakovic@siemens.com
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