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Why Differentiated Reliability?
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Differentiated reliable services

 Reliability = Service/Product
= Delivery service with higher reliability level.
= Resilience service
* Available Technologies for Enhancing Reliability
= Advanced communication and control systems
= Network reconfiguration by switching devices, (such as circuit
breaker, recloser, sectionalizing switch or normally closed
switch, tie switch or normally open switch)
= Distributed Generation (DG)
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Information flows
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Information

* DG
= Supply function of backup power
= Maximize profit of selling backup power
* DisCo
= Supply function of reliability service
= Maximize no. customers receiving high reliability
* REP
= Demand functions for backup power and delivery services
« DSO
= (Clear transaction based on the information from DG,
DisCo, DSO
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Communication setup for reliability

e DSO-DG-1:1, pg, Prs

e DG-1-DSO: Py, pr, Prs

« DSO-DG-2:1, pg, Prs

e DG-2-DSO: P, pr, Prs

* DSO - DisCo: EU, Py, e,

* DisCo—-DSO: U, ppy

« DSO-REP-1: A, Pr, Prs» Poy

* REP-1-DSO: U, WTP(ppy), Ps, WTP(Pg , Prs)
e DSO-REP-2:A, pr, Prs» Pox

e REP-2— DSO: U, WTP(ppy), Pr, WTP(pr , Prs)
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Communication setup for reliability

* REP-1-EU-1: A
* EU-1-REP-1: WTP,
* REP-1-EU-3: A
* EU-3—REP-1: WTP,
* REP-2—EU-2: A
* EU-2 —REP-2: WTP,
* REP-2 —EU-4: A,
* EU-4—REP-2: WTP,
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DisCo — Maximize No. Customers Receiving
High Reliability

* |Install switches at the optimal locations cL* where bring the level of
service quality to meet the offered level Uy

No.of LP

NgX Ny = NH,n ‘Tom,cLn
n=1
Number of customers who choose
high reliability in load point, n
Where:
1: UQm,cL,n = UH

t =
Om,cL,n {O, UQm,cL,n > UH

_ v No.of Events 1
UQm,cL,n — LFE=1 AETE(l - Sm,cL,E,n)[ :

1. R.Billinton and R. Allan, Reliability Evaluation of Power Systems, New York: Plenum Press, 1996. 10
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DisCo - Service Charge, ppy om

* Estimate from the DisCO’s revenue (Rg,,)for recovering the costs
of upgrading system reliability

** Annualized capital and O&M cost:

yr

m - Cogm — RExp
Coap + ) — 0
e T LT Ak

** Expected Revenue:
No.of LP Ngn
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WTP for a improved service

($/MWh)

0

REP DisCo

= .
= 5 switches
V)
‘&'j A
= /
=T1] .
£ switches
U / 1 switch
AU = |UH.New - US.CuTTentl AU = Us current 0= |US.Current - US,CurrentI AU = |UH,New - US,CurTentI
Incremental reduction in outage duration Incremental reduction in outage duration
(hour/year) (hour/year)

stnches

%itches

0= |US.Current - US,CurrentI AU = |UH.New - US,Currentl

P (S/MWh)

Incremental reduction in outage duration
(hour/year)

12
Carnegie Mellon <




Test systeml1]

e Reliability standard including the extended outages:
= 2.9 hours/year

* DisCo
= 5years of recovery period, 15% discount rate

= Higher reliability: U, ».,, < 2 hours/year, AU > 0.9
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1. R.N. Allan, R. Billinton, I. Sjarief, L. Goel and K. S. So, "A Reliability Test System for Educational Purposes - Basic Distributign
E&' System Data and Results," IEEE Transactions on Power Systems, vol. 6, no. 2, pp. 813 - 820, 1991. Cﬂrncgic ‘“EI lﬂl'l '(B
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DisCo’s supply functions

* DisCo’s supply function of each load point
Us2hrs AU =20.9 hrs

LP-1 LP-3
20 20
= -t
g 45 5 switches §
5 switches
= 3 switches at...,andD Py 42
AL : ~— 3 switches
"y atA, B, NOS | 4 switches 7 4 switches
Q 10 at..,andC .2 10
o A Q.
GED - 1 switch at A %D 1 switch
0 2
- (qs]
— =
o ) O
0.0 05 1.0 15 20 0.0 05 1.0 1.5 2.0

Incremental reduction in annual outage duration comparatively to the current
reliability level AU (hr)
L Carnegie Mellon >
e



15
Carnegie Mellon <



No DSO
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Energy

Energy & Reliability

tzgéa'

Reliability including reserve

Energy Providers

REPs WTP- Pg
WTP-AU

choosing high -+

r\ reliability, Pa, /.
\\ t/ /
DisCo 3

Switching devices

Pp - AUy Vj
pp - Ey Vij

16
Carnegie Mellon <




