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Introduction Design Challenges and Design Methods in Literature A Simple Test Example of HRES
Utilization of renewable energy sources such as wind and Design challenges: olar PV Load Energy Management Policy (EMP) Decision Tree
solar can overcome environmental threats associated with - Weather forecasting DC Bus
fossil fuels. But expensive power producing and storage . Optimal component selection and operational strategies \ $0C, i 500, v
components are required to harness and store renewable Diesel Generator Battery ¢
energy. In addition renewable sources are intermittent, thus Literature design methods D 0 (del of D =1 (deel o
unreliable when used independently. . A Typical Meteorological Year (TMY) ignores weather variability . Random inputs in each hour: Power from g = 0 (drecel off) hag =1 (ciesel on)
. Metaheuristic optimization methods are slow and do not guarantee solar panel and power demand. I w, ' w, + Py
_ o : : L. : : : 50 K+ T S{]Gk T SGG&H - SQG& T
1000 Solar Radiation Variation an optimal solution. Additionally, the optimal solution cannot be . Evaluate the system on hourly basis ¢ ¢
N l l N ﬂ l | formally verified via gradient information. . Update the state of the system at the end
o of each hour
i lgnoring weather variability and using unreliable optimization methods o | v
5::5 >00F | ﬂ ' during designs stages may result in sub-optimal designs which can lead ~ EMP o!euspns in each hour
= J to underperformance of the systems during real operating conditions. . Decide diesel generator status: ON/ 1
& {_\ ,_\ /\ OFF based on threshold SOC_D 800, ., = 800, ,||50C,,; = 0.95{|50C;; = 0.15
| |\ 4 | . .. , : ' ' ,
0 . Keep the battery’s state of charge in the _ _ _
) T T 10 200 250 Research Objective & Problem Approach re_lz ne o “nzits oo 985(” L, =1L,  ||lhy=LL, ||LL,, =LL +(015-S00,,)
Time(h) pre-sp 0, 7270
, | Gradient optimization of HRES considering weather variability Total cost at the end of hour N
Hybrid Renewable Energy Systems (HRES) combine N
different renewable sources, storage components and/or ) — + _
e o e tomponen Weather data= TMY RandorTmess | - L(C,S0Cs, w) = ](C, SOCy) + ¢ (noise) LO,w)=BC+ 6, Y D, + BLLy
conventional sources 1o improve reliability ahd decrease . Gradient optimization method: Stochastic Approximation k=0
capital and operational costs.
. . . ( N \
_— ch_l Optimal Comppr_\er\t Size and Energy Management J(C,SOCp) = E[L(C,SOCp, w)] ‘min B 5,C + f, N D, + B,LLy
1 Policy (EMP) that minimize the expected capital and operational SR k=0 /
ety ) Flactrlyzer costs while simultaneously satisfying the power demand reliably.
T " P g Observation on differentiability of the expected value cost function:
nergy Management " Simulation-Optimization Approach . N . -
j & Policy J( Nitfary hisik Guess comp. . Discontinuities are introduced by EMP decisions
| £ | T E | I ———— cives and EMP . Discontinuities may disappear under expectation
‘ "#ﬂl—;o,-e;,;-' Il' Function for one fixed scenario Expected value cost function
. Fuel-cell stack 3400: L : : . —
Renewable Conventional (10" |
Resources Resources Storage options R andom System 3300 - 12
Ene_rgy Management Policy (I_EI\/IP). weather data Optimizer : 3200 Average 10° 3 1.1 \\\\\k\\\\\\\\\\\\\\
Logical set of rules used to decide when and how 2 3100 S
each component should be used. S > g
P 20
Applications of HRES: . P 08: Y
HRES are used on a small scale to power off-grid T ptimal comp. | | | | | 30
. . . . demand sizes and EMP 280Q", 04 06 08 1 -
commercial or residential buildings, remote areas such P basal Thrashold SO0 740 Ckwh)
as Islands, remote villages, and telecommunication
sites. They are also used on large scale. Stochastic Approximation (SA) Preliminary Results: SA vs Metaheuristics Future Work
As opposed to deterministic gradient Method Optimal Solution Time eMathematically understand
12 T ———.—] optimization, SA accepts stochastic [C(KWh), SOCp] (min) and determine necessary
1L —withnoise| (.. random/noisy) gradient values, GA (30.0, 0.77) 15 min conditions to ensure
0.5 i and finds an optimal solution of the differentiability of the
_ ik - corresponding differentiable PSO (30.0, 0.85) 6 min expected value cost function
“f%%f%ff' ' —— N e T 5 ° expected value function.
L g 0.5 SA (29.4, 0.82) 1.5 min e|mprovements on stochastic
Al 9k+1 = —akY];(é’k) approximation, application to
/' a more complex systems and
15, > 3 A Stochastic Approximation outperformed Genetic more comparisons with

Step-size Noisy gradient Algorithm (GA) and Particle Swarm Optimization (PSO) metaheuristics
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