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VPP
Virtual Power Plant

HEMS
Home Energy Management System

FEMS
Factory Energy Management System

V2G
Vehicle-to-Grid

BEMS
Building Energy Management System

XEV
Electric Vehicles

CEMS
Cluster/Community Energy Management System 2
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Requirement Product

System
requirements System
analysis M BSE integration
Architecture Model-Based Systems Engineering test
design & analysis
: HIL
Control algorithm MBD simulation

design
Model-Based Design

Rapid control
prototyping (RCP)

Static/Dynamic
code analysis

SIL/PIL

simulation

RCP: Rapid Control Prototyping

SIL: Software-In-the-Loop

Embedded Code PIL: Processor-In-the-Loop
Generation HIL Hardware-In-the-Loop
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Turbines on a wind farm.
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“Accurate modeling is essential not only for planning
investments but also to detect situations that can cause an
outage.

With MathWorks tools, we can simulate power electronics,

mechanics, and control systems in ONE envir onment,

and our models respond like the turbines we have in the field.”

— Hydro-Québec
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Tenfold increase in productivity

Reduced software testing time by 2/3
Complete projects 2 times faster

KPls improved by 30% or more

1.5 to 2 times more efficient than hand coding
Reduce new project resources by 50

Reduced nearly $2 million per year

50% reduction in development time

66 months less labor, 50% less validation time

Reduce development time by up to 15

Reduced development time by more than 6 months

5X increase in productivity
40% reduction in development time

Halve development time, minimize design iterations

Reduces time required for authentication by 30
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Development time reduced by 40%, 0 warranty issues reported 2

Development efficiency doubled, design updates in one day 21
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Predict and optimize HVAC MBD Reduces Energy Automated Code Generation
enerqy for large buildings Management System Control Shortens Plant Energy
Develop algorithms Software Development Time by Management System
S More Than 50% Development Time
Building IQ Murata Manufacturing Musashi Seimitsu Industry

EXIPO EXIPO EXIPO

Development of storage battery Energy Management System for HIL simulator for power systems with
energy management control using VPP with model-based design distributed power supply models and
model predictive control Simulink application examples

Panasonic DAIHEN Fuji Electric
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How Tata Steel saved 40% Shanghai Electric Builds and Deploys How Siemens Energy Enables

energy on cooling towers Cost-Saving Enterprise Software for the Global Energy Transition

: Planning and Designing Distributed
through software algorithms Energy Systems

TATA Steel Shanghai Electric Siemens Energy

Carneqie Clean Energy Designs Model-Based Design Accelerates ABB, Deltamarin, and VTT
and Builds the World’s First Energy Management System Simulate and Optimize Ship
Operating Wave Farm Development Enerqy Flows '

Carnegie Clean Energy EVLO ABB, Deltamarin, and VTT
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Remaining charge

Char/Discharging
power command
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DC Load
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Optimization Toolbox#E{# T MILPfE4r8s ( mixed-integer linear programming solver )

homeConsPow homeConsPow
homeGenPow # homeGenPow
bPowCmd1
P d . t . f. I buyPrice
sellPrice
vehicUse vehicUse
vehicConsEne | vehicConsEne
Prediction
- | MPC_HORIZON_PARAM |—> MPC_HORIZON_PARAM 4 bPowCmd2
hemsmpc
| MPC_SLACK_PARAM |—b MPC_SLACK_PARAM
_J | MPC_HOME_LIMIT_PARAM |—b MPC_HOME_LIMIT_PARAM
| MPC_BATT_LIMIT_PARAM |—> MPC_BATT_LIMIT_PARAM
- | MPC_EFF_PARAM |—b MPC_EFF_PARAM
costf——
[ binit1
vBattE
2 ) | binit2
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%% Mixed Integer Linear Programming MILP

bPouCmdl = @; %#ok<*NASGU> % Vehicle battery charging/discharging power command
bPouCnd2 = @; % Home battery charging/discharging power command

cost = @; % Objective function cost in optimization

intcon = [2*N41:3*N,6*N+1:7*N,11%N+1:12*N]; % Number of element related to integer design variables

options = optimoptions('intlinprog', 'CutGenMaxIter', 10, % CutGenMaxIter = 10 (default)
‘CutGeneration', 'basic’, ... % CutGeneration = 'basic' (default)
'IPPreprocess’, 'basic',... % IPPreprocess = 'basic’ (default)
'RootLPAlgorithm', 'primal-simplex’, ... % RootLPAlgorithm = 'dual-simplex' (default)
'TolGapRel', le-2, ... % TolGapRel = le-4 (default)
'TolGapAbs', @, ... % TolGapAbs = @ (default)
"MaxNodes', le2, % MaxNodes = le7 (default)
‘LPMaxIter', 3ed, % LPMaxIter = 3ed (default)
"Display’, 'none');

[xOpt,fval] = intlinprog(f, intcon, A, B, Aeq, Bea, LB, UB, options);

% Extract charging/discharging command bPowi = bPowChari + bPowChari

bPouCmdl = [zeros(1,N),zeros(1,N),zeros(1,N), ...
zeros(1,N),[1,zeros(1,N-1)1,[1,zeros(1,N-1) 1, zeros(1,N), zeros (1,N), ...
zeros(1,N),zeros(1,N),zeros(1,N), zeros(1,N),zeros (1,N) ] *xOpt;

bPouCmd2 = [zeros(1,N),zeres(1,N),zeros(1,N), ...
zeros(1,N),zeros(1,N),zeros(1,N),zeros(1,N),zeros (1,N), ...
zeros(1,N),[1,zeros(1,N-1)],[1,zeros(1,N-1)],zeros(1,N),zeros(1,N)]*x0pt;

cost = fval;
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