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Challenges in Grid Integration of Renewable Energy Wind (Onshore & Offshore) & Solar (Concentrating & Photovoltaic) Identification of Candidate Wind-Solar Sites, HECS ID Tool
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Wind-Solar MW Resource Assessment Model (MWRAM?) Mathematical Formulation Sample Results & Applications of MWRAM

Wind Model Here, e Parameters Variation
. . — Wi Weibull(A,, k,): Beta(a,, * Hourly combined output (p.u.)
e oy Wind Power B, = fi(wind speed v,) 7 Welbul! seale parameter oullidefo): Betalaw fo
or specified location ~ bUll(A k ) -
for specified locat ve~Wel £+ k = Weibull shape parameter
y * Solar Power P, = f,(solar cloud cover C;); V.. = Turbine Rated speed

Pool the data into groups for different

seasons j — C.~Beta(a e " -1
Winter, Spring, Summer & Fall t ( L 'Bt) VCL Turbine cut-in speed

T *Wind and solar power output can be modeled using V., = Turbine cut-out speed

Cluster data based on similar time transformation of variables. P, = Turbine Rated Power
intervals t (1-hour segments) . .
Transformation Theorem: T = Number of turbines

Y y *Let x be a random variable with pdf = f,.(x) and Pnax = Rated Capacity of wind farm
Estimate Estimate =TP
cdf Fx (x ) T

parameters K;, A, parameters o, Pje

for wind speed for cloud duration *y be another rv with y = g(x) Solar Model Variation of the Mean Reserve Requirements for

Weibull pdf model Beta pdf model HGI’C,

x\Ai ! d
fy ) =X Il where g'(x) = 9%) and x; C = cloud cover fraction

. Sites A, B and C for 20% penetration level.
“lg' ()l dx

Wind Farm Solar Park are all the real roots of y; = g(x;) a = Beta shape parameter Pr=>Prp~p Ower export; P <Prp~ power import
parameters ; l; i ; parameters . 5 Yi = giXi f = Beta shape parameter Case II/ III give minimum reserve requirements for
*Hybrid ECS Output = f;(wind power, solar power); A, = Solar Collector area the different sites; leads to suitable sizing.

Pp(t) = B, (t) + Fs5(t) H,, 0 = Maximum DNI

. . Nnet = Net efficiency of STECS
— f:r — — ftr — Locations and Cases Studied PS. = Rated Capacity of solar

Farm Power Output Park Power Output park — T]nethaxAC
for season j, hourt for season j, hour t CF —
PHJJ PSj,t

| . ] *Integrated Hybrid Model
Model for Wind+Solar Hybrid .E(PHt) — E(PWt) + E(PSt)

Power Output;ﬂ}i‘ season j, hour t cIf0 < E(PW,) < E(PW,,4,) & 0 < E(PS;) < E(PS,,4x)
" *0 < E(PH;) < E(PWpax + PShax)

Transformation Module

Annual Average Capacity Factors for Sites A, B, C
Energy Output (MWh)

Rated Power of Plant (MW)XHours in interval (h)
For preferred case selected, the CF allows ranking
the shortlisted locations in terms of resource

potential.
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