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for risk analysis In power systems
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Introduction & Motivation Comparison results
* Accurate risk assessment of power system operations crucial for decision Demand not served (DNS)
makers such as transmission system operators to ensure a stable and reliable
supply of energy to customers and prevent component overloads or even Case 1: without initial failures Case 2: with initial failures
blackouts due to cascading failures DNS differance {Manchester - OPA) 1 cErage BRSIANErERce 1
* Computational cost of power flow simulations, in particular cascading failure 1 08 1- 0.8
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analysis, increasing with increasing model complexity
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Exclusive use of more expensive modelling methods not necessarily needed if
similar conclusions can be drawn from the output of a less complex model
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— Comparison of the AC OPF-based Manchester model with the computationally
less expensive DC OPF-based OPA model to determine if and under what 40 .
circumstances the two models lead to diverging results
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Cascad 11 g fal I ure m Od el 11 9  Manchester model predicting more input conditions with DNS>0 in Case 1
* OPA model indicating higher average DNS in Case 2 except at very high T and f
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Both the Manchester model and the OPA model were created for cascading
failure analysis and are modified to incorporate external influencing factors, i.e., Overall risk of operation R (Case 2)

* variable demand (by multiplying all bus loads by a factor f) > Computed by multiplying the joint probability P(T, f) by the expected DNS at a certain

* temperature dependent transmission line capacities (dynamic line rating) temperature T and demand level f

, , _ , , , > P(T, f) determined from an empirical joint PDF based on historic data
In each simulation the following sequence of actions is carried out:

DNS; ... DNS at contingency i

Assume maximum i
Define ambient temperature T, load N— { ossible load sheddin _ D . _ ) Nfail . . : -
vel fang itial e failore(s) e ; 9 R(T,f)=P(T,f)- ) DNS(T,f)-(0.01) 0.01 ...single line failure probability
—»  Converged? - ] . .
l ~OMERRE - l ‘ Neq - humber of line failures
Any - :
. L : < overloaded “>N Determine the amount Overall risk of load shedding (Manchester Model) Overall risk of load shedding (OPA Model)
Determine the dynamic line rating S~ lines? ” of load shedding 5 B 2 De-d
multiplier x 4>{ Solve the AC/ DC OPF ' e |
, A Y 2.0e-4 2.0e-4
l Mark overloaded 4 1.5e-4 o 1.5e-4 o
line(s) as failed Save output variables, |‘7 1.5e-4 .3 1.5e-4 =
Update the pow_er systen_wltopology Update the power e.g. DNS, line failures, 1.0e-4 | I | E 1.0e-4 E
and operating conditions system topology power flows 0.504 iy ° 0.56-4 2
LU " 1.0e4 1 1.0e-4 =
0, | 0., o
D IC i | 1 £ 1.8 2
ynamic line rating - -
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Dynamic line rating is determined as a function of solar irradiance g, ambient
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temperature T,,,;, and maximum tolerable line temperature T};}5*. Using the demandlevel[1 06 © = 55«0 0 1O 20 % o demand level [ 06 4 20 100 S
equation of thermal equilibrium the highest possible current flow through a Temperature [C] Temperature [C]
conductor at reference conditions can be computed:  OPA model predicts elevated risk for a larger fraction of the input space (1024 vs. 593 out
of 2376 points) due to higher average DNS at lower temperature and demand levels
natural convective cooling ~ radiative cooling  solarheating T, = 20°C * elevated risk area includes almost all points identified by the Manchester model
[(Ty0))’ Pcom,(Tref, ZZ}{;’C) + Pmd (Tref, l’Z},féx) Psun(qref) rmax _ goc « for those points, the Manchester model shows noticeably higher risk values than the OPA
— line
ref E(Trefl . model
resistivity of the conductor at reference temperature Qrer = 900 ) L Ine Crmca“ty
The relative decrease or increase in ampacity w.r.t. the reference conditions is most frequently failed lines (by ID) immediately after an initial failure
then computed by the ratio x = I(Tamb)/I(Tref).
Manchester Model 10 11 23 28 18 17 12 5 7 6
case stu dy OPA Model 11 23 28 10 18 3 17 36 37 29
o - | Overlap (indep. of rank) 100% 20%
Power flow simulations based on the IEEE- Empirical joint probability density of T and f f SR ¢ vulnerable lines (if the order i ected)
. . . . t overlap in the five most vulnerable lines (if the order is neglecte
24 bus RTS at different operating points: 9i12 pertet
e conformity rapidly decreasing beyond that
parameter min max o
ambient % 0.12+ 0.08%
T |°C] -30 40 in2°Csteps S o9 | S :
temperature el S o e Conclusions
bus load 8 \‘\\“‘\\\ g

0.03 - 10.04

f[%] 50 180 in2% steps
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(w.rt. base load) 0. e * |dentification of the same five most critical lines by both models
1.8 10.02
Case 1: noinitial line failures considered e, s  OPA model results indicating larger area of elevated risk than Manchester
Case 2: study including initial line failures domandiovel 1 ¢ Tomperatre €] model in Case 2
* Manchester model assigning significantly higher risk within the detected area
Definition of random line failures  Manchester model showing higher fraction of DNS>0 points in Case 1

In addition to assessing the zero-failure-case
» consideration of all the possible single line failures (38) ACknOWIGdgem ent

e sampling of 961 (n-k)-contingencies with k>1 o _
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