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Fossil Fuels are the Main Sources of Energy
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Energy security issue:

This energy source is limited and finite.

» Environmental issues: .
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Residential buildings have a considerable potential for:
Decreasing cost of energy use,

Increasing energy efficiency, and

Decreasing the carbon footprint by including renewables.

The building sector is responsible for 30% of global greenhouse gas emissions.

The building sector consumes about 40% of total energy.
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O What is a Smart Home?

» A smart home (SH) is defined as a well-designed structure with sufficient access to assets, data,
communication, and controls for improving the occupants’ quality of life through convenience and
reduced costs.

U

Energy Resources of a SH

» A SH can include different energy resources such as:
= Photovoltaic (PV) panels, and

= Diesel generator.

» Also, a SH might have an energy storage like:

= A Dattery, or

= Aplug-in electric vehicle (PEV), and

= Access to the local distribution company (DISCO)
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Energy Scheduling:

The operation of energy resources to produce energy at the lowest cost to reliably serve the load
considering the technical constraints of the energy resources.

The important question for energy scheduling of a SH is:
At every time step of the operation period,

How much energy to use from the available energy sources such as diesel generator (DG), renewables
(PV panels), and energy storage (battery),

How much energy to purchase/sell from/to the DISCO to supply the demanded energy of the SH so that
the daily energy consumption cost of the SH is minimized.
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O The Uncertainty and Variability Issues of the Problem States:

> Power of a renewable energy resource such as PV panels is uncertain that makes the problem a
stochastic optimization problem.

» Power of the PV panels is variable that change the problem into a dynamic (time-varying) optimization
problem.
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Fig. 1. The real solar irradiances for one day recorded in Clemson, SC 29634, USA in July 2014.

d The Economic and Technical Constraints

» The economic and technical constraints of energy sources of SH change the problem into a mixed-
Integer nonlinear programming (MINLP) problem.
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O Stochastic Optimization
>

Value of error

The Proposed Approach

The uncertainty issue of the problem states is addressed by the stochastic optimization.

Gaussian distribution function

Fig. 2. (a): Predicted data, measured data, and value of prediction error (b): Redundancy of the prediction errors respect to the value of
the prediction errors. (c): Gaussian probability density function related to the prediction errors.

= Forecasting value of uncertain states of the problem (solar irradiance) over the optimization time horizon.

= Modeling uncertainty of the predictions by defining appropriate scenarios for the estimated solar irradiance (p).
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O Power Model of PV Panels
» The output power of the PV panels is a nonlinear function of the estimated solar irradiance (p ).

( 2
PPV (p) < ¢
PPV=< pSXpC
PPVX% p>pC
\

= p“ issolar irradiance in the standard environment set as 1000 W/mz2.
= pCis certain solar irradiation point set as 150 W/mz2.

= PPV indicates the rated power of the PV panels.
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J Model Predictive Control

» The variability issue of uncertain states of the problem (solar irradiance) is addressed by applying
model predictive control (MPC) approach.

» MPC is capable of controlling a multi-variable constrained system by taking the control actions from
the solution of an online optimization problem and predicting the system behavior repetitively.

<«—— (Optimization time horizon —»

Current Target
time  time

t t+1 t+2 t+nt
t+1 t+2 t+3 t+nt+1
t+2 t+3 t+4 t+nt+2

Fig. 6. The concept of the applied MPC with nt as the number of time steps in the optimization time horizon and five
minutes as the duration of each time step.
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Optimization Tool

The discrete variables of the problem include:

Status of the DG (x2¢) in every time step of the optimization time horizon.

Status of the battery of the PEV (xP£V) in every time step of the optimization time horizon.

xPG XEG
i, _
{XPEV ... xPEV }'Vt €T, T={1,-,n
t E+n,

The continuous variables of the problem include:

Value of power of the DG (PP%),

Value of generated or consumed power of the battery of the PEV (PFEY),
Value of transacted power with the local DISCO (P¢"4) through the grid.

DG DG

Py Pt+nT

PFEY e PEEY L VEET
Grid Grid

Py Pt+nT
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Optimization Tool
The problem is a mixed integer nonlinear (MINLP) problem.

A combination of genetic algorithm (GA) and linear programming (LP), GA-LP, is applied to solve the
energy scheduling problem of each SH.

The GA deals with the discrete variables of the problem.

The GA addresses the nonlinearity of the problem (problem is changed to a linear problem).
The LP deals with the continuous variables of the problem.

The LP quickly finds the globally optimal solution. Do PRV

t+1]0/1§0/1]0/1
t+2|(0/1§0/1]0/1

0/1 §0/1]0/1

t+ng |o/1 Jo/10/1
Fig. 3. The structure of a chromosome in the applied GA-LP.
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L CLEMSON The Proposed Approach
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Fig. 4. The complete configuration of the proposed approach.
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O Objective Function

= Minimizing value of the stochastic forward-looking objective function over the optimization time
horizon is the aim of every SH.

min Fit =minZFtFL XQpi, t€T
pEV

QLY € {0.1587, 0.3413, 0.3413, 0.1587}

= Forward-Looking Objective Function:

ng
FFL = ZFHT,t €T
=1
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O Objective Function

. {[C{"_DG] + [Cf_DG] + [(1 — xtP_Gl) X xf?G X CSTU_DG] + [x?—% x (1 — x%)G) X CSHD_DG]}
. =

+[3€va X CSW_PEV] + [PtGr‘id X Tté)lSCO]

» The time step objective function includes different cost and benefit terms such as:
= Fuel cost of the generator,

= Carbon emission cost of the generator,

= Start up cost and shut down cost of the generator,

= Switching cost of the battery,

= Cost or benefit due to power transactions with the energy market.
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O Objective Function

CE o)+ [€/P] + [(1 = xPC) x xPC x ¢STU-PE] + [xPC x (1 — xP¢) x ¢SHD-DE
F o= t t
=

+[3€va X CSW_PEV] + [PtGrid X Tté)lSCO]

» The fuel cost function and carbon emissions function of the DG are quadratic polynomials.
Ci "¢ = %P x (2f x (PF)? + 2§ x (Pf) + 25)

CFP% = 2P x B x (af x (PEY? + 25 x (PO) + 2E)

> Herein, B% is the value of penalty for carbon emissions.
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O Objective Function

[CFPO] + [CF-P0) + [(1 — xPG) x xPG x ¢STUPE] + [xPC x (1 — xPC) x ¢SHP-PE]
Fy = +[4PEV x ¢SW-PEV] 4 [P Grid 5 ] ISCO]

> If the status of the DG in the previous time step (x25% ) and current time step (x2¢) are 0 and 1,
respectively, the DG has been stated up.

[(1 _ X ) X x 2 DG X CSTU_DG]

> If the status of the DG in the previous time step (x2%) and current time step (x2¢) are 1 and 0,
respectively, the DG has been shut down.

[XPS, x (1 — xPC) x CSHP-DE]
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O Objective Function

[CFPC] + [CF-PC] + [(1 = xP€) x xPE x CSTU-PE] + [xP6 x (1 — xP€) x CSHP-PE]
Fe = +[£PEV x CSW-PEV] 4 [pSTid 7Té)mco]

> If the status of the battery of PEV in the current time step (x'£") is the same as the previous time step
(xFEY), the switching indicator is zero; otherwise, it is one.

e 0 A5 =Xl
o
1 XfEV:/—'XPEV

» The value of switching cost of the battery of a PEV is determined based on the value of total
cumulative ampere-hours throughput of the battery (§7£") in its life cycle and the value of the initial

ice of the battery (PrPEV),
pric y (Pr=") .y PEV

CSW PEV _—
gPEV
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Objective Function

[CFPC] + [CF-PC] + [(1 = xP€) x xPE x CSTU-PE] + [xP6 x (1 — xP€) x CSHP-PE]
Fe = +[4PEV x CSW-PEV] 4 [pSrid x ] ISCO]

The price coefficient ¢ (= 0.8) Is applied by the local DISCO to determine the price of selling power to
the DISCO by a SH based on the net energy metering (NEM) plan.

In the NEM plan, the SH can deliver its extra power to the grid and sell it to the local DISCO at a lower
price compared to the purchasing price from the local DISCO.

T/L_DISCO B T[IIE)ISCO P Grid >0
¢ —
® X T[tlf)ISCO PtGTld <0

Herein, P¢"'? > 0 means the SH purchases power from the local DISCO and P¢"*¢ < 0 means the SH
sells power to the local DISCO.
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(d Technical Constraints of the Problem

» Supply-demand balance of the SH
PETId 4 PPV 4 (xPEV x PPEV) 4 (xP€ x PPS) = D}

> Power limits of the DG
pbG < pPG < pDG

» Minimum up/down time limits of the DG

AtDG_ON > MUTDG,AtDG—OFF > MDTDG
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1 Technical Constraints of the Problem
» Power limits of the battery of PEV

— PPEV < PLPEV < PPEV

» State of charge limits of the battery of PEV
DODFPEV < socPEV < 100

» Disconnection of the PEV from the SH

xtEV = 0,t € {Atpep_arr)

» Full charge constraint for the battery of the PEV before departure

SOCFEY =100

tpep ~—
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O Primary Data of the Problem

S S
. Diesel Generator (DG)

TABLEI

THE TECHNICAL DATA OF THE DIESEL GENERATOR.

m Photovoltaic (PV) Panels Parameter Value Parameter Value
Smart Home s zi (¢/kWh) | 0.00491 P27 (kW) >
MD=—=_() Plug-in Electric Vehicle (PEV) z§ (¢/kWh) 7.85 PG (KW) 20
P — zk (g) 0 MUT®% (min) 10
—“'\'_E 4 I ] Electrical Distribution Grid zF (kg/kWh?) 0.0008 [ MDT"® (min) 10
O—0-C ¥ zF (ke/kWh) 0.61 CTUBE () | 100
— zZ (kg) 0 CSHBDG (¢ 100
Fig. 5. The configuration of the case study in the second paper.
* ' ' ' ' TABLEII
30 L= Electricity price proposed by the local DISCO | THE V' ALUE OF PARAMETERS OF THE PROELEM.
= 25| } N, 288 PFEV (K'Wh) 10 PrfE¥ (&) | 200,000
= t Smin | Cap " (KWh) 30 FPEV(AR) | 10,000
=2 20 T T, 12 DODTEY (9%) 20 g7 g 3
E" 156 i @ 0.8 sar:%; (%a) 100 n, 30
E ool i BE (¢/kg) 1 50C; " (%) 20
— 010,
c i PF7 (kW) 10 Mpepirr 16.17
% 50 100 150 200 250 300

Time step (five minutes)

Fig. 6. The electricity price proposed by the local DISCO at every time step of the operation period.
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O Primary Data of the Problem
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Fig. 7: The load demand of the SH at every time step of the operation period.
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Fig. 8: The power pattern for the PV panels in a cloudy day (Clemson, SC, USA, in July 2014) at every time step of
the operation period.
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L Problem Simulation
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Fig. 9: The optimally scheduled power for the sources of the SH at every time step (five minutes) of the operation
period (one day).

TABLEIIL
THE OPERATION COST OF THE SMART HOME ($/DAY) BEFORE AND AFTER
ENERGY SCHEDULING.
Before After
scheduling scheduling
Operation cost (%/day) 311 208
Operation of the battery 0 125
of the PEV (%) )
Operation of the DG (%) 0 52.6
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Conclusion

It was proven that energy scheduling has a considerable potential for decreasing the daily operation
cost of the SH.

By application of MPC with five-minute time scale, the DG was able to adjust its output power within
the small time step (five minutes).

However, it was noticed that performance of the battery of the PEV as the energy storage was limited
due to the short optimization time horizon (12 time steps, equal to one hour).

Therefore, application of a multi-time scale MPC with short and long time scales are suggested as the
extended work of the current study.

Multi-time scale MPC is capable of simultaneously having vast vision for the optimization time horizon
and precise resolution for the problem variables.



s i

THANK YOU

ANY QUESTIONS?

|
ﬂ

. »



