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Abstract— This paper decomposes the effects of the transition of distributed generation, has attention turned to applyass

from an average cost distribution tariff to a cost causationbased
distribution tariff, in terms of time and location, that use s nodal
prices to recover losses and an “extent-of-use” method to oever
fixed network costs based on use at coincident peak.

Our decomposition is designed so that the effects of using

coincident peak and location for fixed network charges, as wke
as using marginal losses under constraints recovering thexact

allocation methods to distribution [5], [6], [7].

With regard to the allocation and recovery of fixed network
costs, “extent-of-use” or MW-mile methods as first proposed
by [8], recently reviewed by [9] and [10], and extended by
[11], little has been done to apply these methods to didighu

amount of losses, and recovering exactly the cost of network Until [12]. The main idea behind these methods is to allocate

service in total can be isolated and analyzed separately.

We apply our tariff transition and decomposition method to an
example network with data from Uruguay to isolate the various
effects with and without a distributed generation (DG) resairce.
We show moving to coincident peak charges and to fully chargig
for marginal losses while rebating the merchandising surpls

through the fixed charges have the greatest effects on charge

in distribution tariff charges. DG provides countervailing cost
changes to distribution tariffs for loads through loss redictions
and the implicit “creation” of new network capacity for whic h it
is paid. The interaction of all these effects may lead to outimes
that are counter-intuitive, which further supports the need to
decompose the tariff changes to fully understand the reasanfor
the direction and magnitude of changes in tariff charges in he
transition to tariffs based more on cost causation.

Index Terms— Distribution networks, tariffs, loss allocations,
fixed cost allocations, distributed generation.

I. INTRODUCTION

fixed network costs based on the location and impact of loads
and generation on the system rather than through averaging.

One can easily conclude that average cost tariffs are
not based on cost-causation principles and thus have cross-
subsidies embedded in them by construction. Moreover, they
also provide economically inefficient short-run price st
when considering the effect of losses as compared to nodal
pricing. However, moving from an average cost tariff to a enor
cost-causality based tariff and removing many of the cross-
subsidies will likely cause those who have been histosicall
subsidized to lobby regulators and policy makers to stojn suc
tariffs from being implemented. Consequently, it is impoitt
to understand all the potential drivers for overall chaniges
distribution tariff charges and to decompose and isolag th
individual effects.

In this paper we examine the changes in distribution charges

transmission networks has been well researched in the ”tﬁhd the Amp
ature. It is well understood tariff design that is econorijca
efficient and based on cost-causation principles send pigee
nals that lead to better decisions with respect to conswmpti

-mile Method as proposed in [12] to recover
fixed network costs through a locational charge based on
the “extent of use” at the coincident peak. We decompose
. " ; he change into four components: Changes due to use at
product_lon, the siting of new loads and generation, and tIé‘aincident peak versus averaging for network costs; chenge
€xpansion .OT networks. . due to charging by location (extent of use) for network costs

. Nodal pricing, as dth_an_ped l_)y_ [1], prices Io_sses at the _m?:rﬁanges due to moving to marginal losses under nodal pricing
gin, and is bem_g used in its original form or in some vananfo s average losses while respecting the constraintwhat
in many countries or power markets for the recovery of lo nnot recover more than the cost of losses; and the change
costs. Other variants including proportional sharing rodh e to moving to full marginal losses under n(;dal pricing and
as proposed by [2] and z-bus aIIocq‘uon as devgloped by @ﬂing the merchandising surplus to offset network charges s
have also been researched. The various properties, agesntg\le respect the constraint that we cannot over-recover for th

and disadvantages are discussed in [4]. The one elemeet theg; o cost of the system. We undertake our decomposition
methods have in common is to provide locational and/or time-

. ) i Snalysis accounting for a system with DG and without DG.
of-use signals to network users depending on their impact on
network losses, an idea that has yet to be applied in practicdn Sections Il and Il we outline the various methods for
to distribution networks. Only recently, with the appeaman recovering losses and fixed network costs necessary for our
comparison and decomposition. In Section IV we describe the
* Vignolo is with Instituto de Ingenieria Eléctrica, Uritsidad de la ggta for the system used in our example. Section V describes

Republica , Montevideo, Uruguay. Sotkiewicz with the Rahltility Research Its both Ivticall d of . lati .
Center and Department of Economics, University of FloriGminesvile, OUrl resu _tS oth analytically and of our simulation exeg¢cis
and Section VI concludes.

Florida USA. (Email: jesus@fing.edu.uy; paul.sotkiewicz@.ufl.edu)
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Il. DISTRIBUTION TARIFF LOSSES ANDDISTRIBUTED where the price of reactive power at the reference bus is
GENERATION REVENUES assumed to be zero. The charge for marginal losses for loads

For use in this section and subsequent sections we deff{Usk is
the following notation.

k is the index of busses on the distribution network with T 9Loss 9Loss

k=1,..,n. ML, = Z)\t[(aTt)Pdtk‘f'(Wt)thk]- (5)

k = 0 is the reference bus and this is also the power supply t=1 tk th

point (PSP) for the distribution network. Under nodal pricing distributed generation connected éo th
¢ is the time index witht = 1,..., T . network is paid the nodal price including marginal lossdse T
Subscriptsd and g represent demand and generation. revenue collected by distributed generation at btis

Py, and Py, are the active power withdrawal by demand

and injections by generation respectively at nadat timet. T

Qaue and Qg are the reactive power withdrawal and RML _ \(1 OLossi O0Loss;

oI . : = + —)P, " ) 6
injection respectively at node at time ¢. gk ; tl( Py, ) Poun + JQqir]- ()

OQ1k
Py, andQqy, are the net active and reactive power withdrawals o ) .
at busk at time ¢, where Py, = Py, — Py, < 0 and The distribution company recovers energy costs inclusive

Qur = Qaik — Qqur < 0 represent net injections of active andf Iosse§ plus a merchandising surplus over all houfeS)
reactive power. equal to:
Py is the active power injected at the reference bus at time

¢ is the price of power at the reference bus at tilme T n
Loss; is the line loss at time. MS = Z [paik (Patk — Pgik) + prie(Qatk — Qqtk)]
t=1 k=1
T
— AP, 7
A. Average Losses ; b (7)
Averaging losses over all MWh sold is a traditional alloca- T n dLoss;
tion scheme used in many countries, though it does not peovid MS = Z Ae[(1+ 5P )(Patk — Pytr)
either locational or time of use signals to network users Th t=1 k=1 th
tariff related to losses is obtained simply by dividing tloed OLoss; T
cost by the the total active energy consumed in the network +( 20, )(Qark — Qqe)] = Y _ MiPro. (8)
t=1

as define in equation 1.
And we note that in general, the merchandising surplus is
T greater than zero.

T
P,
Zt:l dtk Lossg M, D

T n
_ _1 Pawr =
2etm1 g P 1 C. Reconciliated Marginal Losses
We follow the practice in Uruguay for any distributed

) As suggested by [5], it may be desirable for other reasons
generation sources connected to the system and assume thée
0 ot overcollect for losses as would be the case under nodal
are not charged for losses. However, DG connected atbus

. . ) ) . prices. [5] suggests adjusting marginal loss coefficientdhat
still collects revenue from selling power and is paid thegsi ; :
at the PSP), each period it runs the nodal prices derived collect exactly the cost of losses.
¢ ’ We call this method reconciliated marginal losses and offer
a reconciliation method below.

ALg, =

T . . . . . .
Consider the approximation of losses in the distrbution
AL __
Rg' = Z;Pgtk)% @) network, ALoss;
t=
. . n aL aL
B. Margma} I._osses from Nodal Prices ALoss; Z( a]ﬁssPtk i ! osthk). ©)
Nodal pricing as first developed by [1] was suggested by =1 tk Qtk

[13] for use in distribution networks. Because the marginal
losses reflect the actual short-run marginal costs by logati
and at the time of use, they are short-run economically effici
price signals. Following [13] the nodal prices for both net

Dividing the actual losses by the approximation of losses
provides the reconciliation factor in perigd RF;.

active and reactive power withdrawals respectively are RF, = ALLOSSt (10)
08¢
0Loss We can then compute reconciliated prices, similar to the
page =M1+ Py, ) (3) prices in equations (3) and (4), but with the marginal loss
0Loss factors multiplied by the reconciliation factor and theultiag
Prekc = he{ 0Q+tx ) @ loss charges for load at timefor busk.
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A. Per MWh Average Charges

0Loss This charge is computed by dividing the total fixed costs
pag, = A(1+ RE—5— 0P, ) (11) of all circuits by the total active energy consumed in the
dLoss; network regardless of time or location, and therefore dads n
priy = M(RE 90k ), (12) provide incentives to customers to reduce the use of palgnti
T congested or congestable network infrastructure. Thegelsar
RLg. = ZAtRFt(aLOSSt P + OLoss, Qaw) (13) forall time periods is
t=1 0Pk Q1
Under reconciliated nodgl pricing distributed_ ge_nerati.on NAC;, — Zthl Py, XL:CCZ. (17)
connected to the network is paid the nodal price including ZtT S0 Pa =
marginal losses. The revenue collected by distributed rgene ) o o
tion at busk is Following the regulatory practice in Uruguay, distributed
generation resources do not face fixed network charges.
T
ng _ Z(AtPgtk + AtRFt[(aaL;SSt )Py B. Coincident Peak Charges
t=1 tk The network costs are divided by the yearly system peak
+(8L035t)Q ) (14) load (in MW) and the charges are allocated to the customers
0Q¢k gikl): accordingly to their contribution to that peak (i.e. coafent

eak); a fixed charge per year is obtained. This allocation

ethod provides a time of use signal insofar as it encourages
smoother consumption or a higher load factor, but still does
not provide a locational price signal.

The resulting reconciliated merchandising surplus is bq
to zero by construction.

T n
MS™ =" "[pai(Pak — Pour) + pri(Qauk — Qgtr)] preak
t=1 k=1
., NPCy, = : Pg;,j“k Z CaCy. (18)
— AP (15 .
; tPio (19 e assume once again that distributed generation does not
T n oL face fixed network charges under this tariff scheme as would
MS™ — ZZAt[(l + RF, Osst)(pdtk — Py) be regulatory practice in Uruguay.
t=1 k=1 OFu
dLoss, T C. Locational Peak Charges: Amp-mile
+RE( 9Qun )(Qarr — Qgur)] — ; APro As discussed in [12] the above methodologies do not

N T provide price signals that are the most reflective of costs
_ Z Z Ae(Pask — Pyur, + Loss;) — Z APy = 0 (16) ca_used_ by loads on the syste_m and do not prpwde the strongest
— price signals for investment in new network infrastrucfure
- for the location of new loads or generation. On the other
hand, methodologies based on the “extent of use” such as
the Amp-milemethod proposed in [12] are able to give the
stronger signals based on location and peak use. The Watuiti
Traditionally, capital and non variable O & M costs foridea behind Amp-mile is distribution networks are designed
distribution networks are allocated onpzo rata basis either to serve the load at peak times and for a given topology of
using a per MWh charge or a fixed charge based on coincidéwdds (location).
peak. However, following trends in transmission tariff ides The Amp-mileextent of use method uses marginal changes
[12] proposes to allocate costs by the extent of use whiah isin current, as opposed to power, in a distribution asset with
line with ideas of cost causality based on MW-mile methodeespect to both active and reactive power injections miigtip
For this section, we define the following additionaby those injections to determine the extent of use at any time
variables that will be used throughout the remainder of this

t=1 k=1

IIl. DISTRIBUTION TARIFFS: CAPITAL AND
NON-VARIABLE O & M COSTS

section. The fixed charges computed under Amp-mile have two
[ is the index of circuits withl =1, ..., L. parts. The first part is based on the extent of use of all dgcui
C(C; is the levelized capital and non-variable O & M cost oby loads at each bus at the system coincident peak (locationa
fixed cost of circuitl. portion) for only the portion of the circuit capacity thatised.
Ilpeak is the current flow through circuit at the coincident The second part of the charge covers costs associated with th
peak. unused portion of the circuit capacity and is recovered aller

C AP, is the capacity of circuit. load at coincident peak. Thus, the mechanism has the pyopert

peak is a superscript denoting values at the coincident peathat when the circuit is at capacity, all costs for that dircu
are recovered through locational charges. When the cirguit



WORKING PAPER, APRIL 2006, REVISED OCTOBER 2006 4

relatively unloaded, the majority of costs will be recowereon the network. This will only happen if the DG resource
over all load at peak. locates so that it reduces current flow on a circuit. If the
We define the active and reactive power to absolute currefiiarge is negative, it creates another revenue stream for DG
distribution factors with respect to an injection or withdial resources.
at busk to the absolute value of current on the liheat the Again, the extent of use method we use will not allocate
coincident peak as: all fixed costs based upon the extent of use. The remaining
non-locational costs that must be covered are

, dIPek

eak

APIDF™ = —L— (19) L
0Py ROCP™* =Y (CCy — ACCP*), 27)
orre* -

RPIDFj™ = =L (20) = o
oQ% and these costs will be allocated based on the individudsloa

not to generationat the coincident peak as a non-locational

wherei € {d, g}. We note that theAPIDF and RPIDF
may have the opposite sign of withdrawals for injectionsrfro
DG resources connected to the system.

peak
chargeN LY.

. . . ak
We can then define the active and reactive power extent of N LPeak _ Djic RO CPeak (28)
use factors of circuit for load and/or generation at bus a n_, pheak

respectively as
IV. APPLICATION-SYSTEM CHARACTERISTICS

peak APIDFPe x pheak Let us consider the rural radial distribution network of Fig
AEoU Ly, = A[PeaF (21) 1. The characteristics of the distribution network are nhean
peik peak to reflect conditions in Uruguay where there are potentially

REoULZi‘”“ _ RPIDE;, ~ X Qy, : (22) long, radial lines. This network consists of a busbar (1)aluhi

AIl”e“’“ is fed by a 150/30 kV transformer, and 4 radial feeders (A,
' peak ; ] i B, C, D). The network data is shown in Table | and Figure 1.
wherei € {d, g} and AI;™"" is a scaling factor defined sogq the purpose of simplicity, we will just consider feeder A
that the summation for all busses for a given lirgjuals one. o our calculations. Feeder A consists of a 30 kV overhead
line feeding 6 busbars (3, 4, 5, 6, 7, 8). Except for the case of
peak | o peak ppeak peak ~peak busbar 4, which is an industrial customer, all the other btsb
AIPe® = " APIDFL" Pii* + RPIDFL ™ Qf; are 30/15 kV substations providing electricity to low vogia
k=1 customers (basically residential). In theory we could g oypir
+APIDFP  Pre® + RPIDFPS QY™ (23)  tariff scheme to voltages 15 kV and lower, but the cost of

Again, because thd PIDF and RPIDF may have oppo- metering may be prohi_bitive a}t these lower voltages. We wiI_I
site signs for DG resources, the extent of uses factors dkefi sume then that the mQustnaI customer has the load proﬂle
in (21) and (22) may also be negative which has impIicatiorgF'g' 2 and the resu_jentlal customers haye the load prafile o
for the charges defined below in (25) and (26). Ig. 3. The load profiles used in this section h_qve_ been taken
Define the adapted or used circuit capacity for the Ievelizéré)m a database O.f the stgte-owned electr Ic Ut.'“ty n anu_
annual circuit cost to be recovered through locational gbsir As can be seen in the figures, the residential load profiles

follow a typical pattern with daily peaks in the evening. The
as of S . ; ?
seasonal peak is in the winter season. The industrial load
. l'peak profile is from a particular customer that operates at night
ea. . .
ACCr™ = cap caC, (24)  due to the tariff structure in Uruguay that encourages usage

_ ) at night, with daily peaks between midnight and 4 am, and
Thus, the locational charges to load and generation fQrseasonal peak in the winter. For all cases the power factor
active and reactive power are for load is assumed to be 0.9 lagging. For cases where DG
is considered, we add a 1 MW DG resource at bus 8 that

ok L ok ok operates at a 0.95 lagging power factor. During weekend days
ALE* =N " ABoU L™ x ACCY (25) it only operates at 500 kVA (half capacity).
=1
L TABLE |
RL%“’c = Z REOULZek“k X ACClpe“k (26) TYPICAL DATA FOR 120ALAL CONDUCTOR

=1

wherei € {d, g}. 0.3016 0.3831
As intimated above, it should be noted that for distributed
generation connected to the network, it is possible that theAs it can be seen, each load profile has eight different
locational charge is negative, thus distributed genenatis scenarios corresponding to seasons and to weekdays and non
paid for providing counterflow that essentially createsaeity working days. We will assume that the levelized annual fixed
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cost of the considered network is USD 134640 which is
reflective of prices in Uruguay.

4500
P(kw)

—— Ind_Sum_Working
—=— Ind_Aut_Working

In addition, the PSP prices are taken from real 2004 dat
reported by the Uruguayan ISO, ADME. As Uruguay has
nearly all demand cover by hydroelectric generation, grice
are seasonal. In this cases, prices are $26/MWh, $96/MW|
$76/MWh and $43/MWh for summer, autumn, winter and

spring, respectively.

500 \
0 T T T
0 4 8 12 16 20 24
Hr
2 x 15 MVA .
150/ 30 kV P(kw)
160 &
1
140
A B C D
120

Fig. 1. A rural distribution network.

T 1
5 | Send. Bus| Rec.Bus | L(km) Type
T 1 2 10.0 120AIAl
6 2 3 1.6 120AIAI
7 2 4 26.0 120AIAI
T 4 5 3.0 120AIAI
7 5 6 15 120AIAI
Tﬁ 6 7 5.6 120AIAI
7 8 135 120AIAI
8

V. TARIFF DECOMPOSITIONRESULTS

We will decompose the changes from moving from the
benchmark tariff where all costs associated losses and fixe
network assets and activities are averaged over all MWheo "

N VA
N

2500 ¢

—— Ind_Win_Working
——Ind_Sp_Working [

2000

1500 -

1000

- W\/

——Ind_Sum_Weekends
—=—Ind_Aut_Weekends
—— Ind_Win_Weekends
—— Ind_Sp_Weekends

80

60

40

20

Fig. 2. Daily load profiles for the industrial customer.

constraint that collections for losses must equal the cost
of losses;

4) Changes attributable to full marginal losses that poten-
tially overcollect for losses, but respecting the constrai
that collections for costs must equal the costs to be cov-
ered. This means any overcollections for losses reduce
network charges.

Finally, we will show the difference made by DG at each
decomposition step.

A. Averaging Losses and Network Costs

he average cost tariff charge for load at ufor the year
he sum of (1) and (17).

proposed cost-causation based tariff where losses argethar

at the margin by time and location and fixed network costs are
recovered through the Amp-mile charges we described whickiCar =
are location and peak-use based. We conduct the decomposi-

M(Z Lossi A + i cCy). (29)
Yoie1 2opey Pak 3 =1

tion for cases with and without DG at bus 8. Following the As DG resources are not charged for losses or network costs,
direct comparison of the average cost tariff to the proposgdaces not charges but collects revenue as defined by equati
cost-reflective tariff, we decompose the overall changeur f (2),

steps to determine the effects separately of:

1) Changes attributable to peak network charges from av-

eraging;

B. Averaging Losses and Coincident Peak Network Costs

2) Changes attributable to location-based peak networkThis tariff scheme is different from the averaging scheme
charges from non-location-based peak network chargesily in the charges for network costs are based on coincident

3) Changes attributable to location and time-of-use baspdak. The tariff charge for the year under this scheme is the
marginal losses from averaging while respecting treum of (1) and (18).
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TABLE Il
EXPENDITURES ANDREVENUES UNDERDIFFERENTTARIFF SCHEMES
WITH AND WITHOUTDG IN USD/NYR-2VsS. 1

800 /\\
Network Charges
600 1 Tariff 3 4 5 6 7 8
2 20400 | 118547 | 20400 | 20400 | 20400 | 20400
400 4 2DG | 14543 | 108688 | 14543 | 14543 | 14543 | 14543
2D¢ 1 071 0.92 0.71 0.71 0.71 0.71
—— Res_Sum_Working

200 N 1 33000 | 55545 | 33000 | 33000 | 33000 | 33000

P(kW)

y

—=— Res_Aut_Working

“+ Res_ Win_ Working 1DG | 27143 | 45686 | 27143 | 27143 | 27143 | 27143
0 : : : | (fes S kg 1S T 082 0.82 0.82 0.82 0.82 0.82
0 4 8w ¥ 16 2 2 2/1 0.62 2.13 0.62 0.62 0.62 0.62

20¢ | o054 2.38 0.54 054 | 054 0.54

Total Expenditures Including Energy

2 | 257860 | 522517 | 257860 | 257860 | 257860 ] 257860

1000 2DG | 252003 | 512658 | 252003 | 252003 | 252003 | 252003
2DG

P(kW)
——Res_Sum_Weekends
- -+ Res Aut Weekends o 2DE T 0.98 0.98 0.98 0.98 0.98 0.98
—+Res_Win_Weekends N 1 270460 | 459515 | 270460 | 270460 ] 270460 270460
. — Res_Sp_Weekends 1DG | 264603 | 449656 | 264603 | 264603 | 264603 | 264603
\ ///\ IDG T 098 | 098 | 098 | 098 | 098 | 098
gty 211 0.95 1.14 0.95 0.95 0.95 0.95
400
S, x
N, o 2B ] 095 1.14 0.95 0.95 0.95 0.95
200 1 Distributed Generation Network Charges and Revenues
Tariff | Network Charges Total Revenue
0 , , , , , 1DG 0 428590
0 4 8 Hro 12 1 20 24 2DG 0 428590
2DG _ 1
1DG
Fig. 3. Daily load profiles for the residential customers.
charges will be higher for those customers with relatively |
load factors or have peaks coincident with the system peak.
Rearranging (32) we obtain
T
i1 P
_ t=1- dtk T T
ALCPdk - ZT Zn P ZLOSSt)\t Zt:l Z:l Pdtk < Zt:l Pdtk (33)
t=1 2uk=11dtk ¢ n Ppeak Ppeak !
Ppeak L k=1" dk dk
+ chl. (30)  And if we divide both sides of (33) by 8760, we get the
k=1 Par 1= load factor result.
The charges (none) and revenues accruing to DG resource§his result can be readily seen in Table Il and looking back
are the same as the fu” average cost tariff_ to FigureS 2 and 3. Residential customers have relatiVWy lo

The difference in charges to load atbetween this tariff l0ads at peak and in fact have peaks that are countercytical

and the average of losses and network charges is (30) |64 system peak. Consequently, their distribution tafitirges
(29) which is are 38% and 46% lower without and with DG respectively

than under full averaging. However, the industrial custome
, who is driving the peak sees its distribution tariff charges
Ppeak T P L . . .
[ dk > 1= Pt ]ZCQ (31) 90 up 113% and 138% without and with DG respectively

Sk Pt S S Pu = just by moving to allocation of fixed network costs based

Qn the peak. However, DG leads to lower overall distribution

the average loss plus coincident peak charge tariff ber&rferCharges fo_r bo_th _reS|dent|aI and_lndustrlal customers due t
the reduction in line losses. While the percent changes are

to as Tariffs 1 and 2 respectively in Table II. L

Charges for load ai wil be less under caincident peak 0% 0 TFC 0 G O S 2 B0 AR, o
charges if the individual share of load at coincident peak = residential gy,t mer gin 5% d I)i/n " overall
less than the share of average load over the year, or esidential customers seeing a 5v decline overa

charges while the industrial customer sees a 14% incredke bo
with and without DG. Still, we can conclude that moving to

For the ease of discussion let the full average cost tarif a

peak T .. .
P’ > i1 Patk (32) coincident peak charges to recover network fixed costs has a
Ly Preck TS S Pan large effect on who pays for those costs versus averaging.

Another way of expressing this is to say the load factor, ] ]
defined by coincident peak, is higher relative to other loads Averaging Losses and Amp-mile Network Charges
on the network, rewarding load that is relatively more canst  This tariff scheme introduces locational aspects into netw
or has peaks countercyclic to the system peak. Converselyarges. The charge for load at buss the sum of (1), (25),
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(26), and (28).

Zthl Py

ALAMy, = == 2%
Zthl Zk:l Par t

Lossi )\

L
+> (ABoULER® + REoULE™) x ACCP*

1

Ppeak
s et dkppmk RCCP**. (34)
k=1" dk
DG pays a charge for its extent of use
L
> (ABoULER* + REOULYR™) x ACCE (35)

effectively creating network capacity at peak, and it adug<
that must recovered from all load by the same amount. Tr}
potential source of revenue is in addition to proceeds from

sales in (2).

The difference in charges to load at bubetween this tari
and the previous tariff with average losses and coincideakp

charges is (34) less (30)

L
> (ABoULER* + REoULE™) x ACCP*

=

The changes in charges moving to a locational allocation for
fixed network costs without DG are quite small compared to
the changes observed in moving to coincident peak charges.
The loads closest to the PSP (3 and 4) noted a decrease in
charges, while the remainder saw increases of up to 8%. With
DG at bus 8, the changes are again quite small compared
to moving toward coincident peak charges, but the largest
increase go to busses in between the PSP and the DG resource.
Moreover, the DG resource reduces distribution charges for
load at bus 8 and slightly for bus 7. Still, in terms of total
expenditures including energy, the changes are anly- 1%
without and with DG. In short, the changes in charges in
moving from averaging network costs to Amp-mile are really
driven by the coincident peak component rather than the
locational component in this example as the circuits are not
fully loaded. If the circuits were close to fully loaded, we
might observe more of an effect from the locational charges.

O,&Iso, in spite of DG being compensated for “creating network

cgpacity" on the order of a one percent increase in revenues,
Re charges for loads are less with DG on the system.

# D. Reconciliated Marginal Losses and Amp-mile Network

Charges
This tariff charge is the sum of (25), (26), (28), and (13).

RLAM _zT:)\ RF(aLosstP i 8LosstQ )
dk 2 t1ily “oPn dtk 78@% dtk

L
eak L eak ) ,
Py T ool @e) + > (ABoULE* + REoU LE;e*) x ACCP*
Shoy Pt = CAR =1
) . ) Ppeak
Customers with the same load profile but located at different + dk RCCPe** . (37)

buses will pay according to their impact on network use.

n peak
k=1 Pdk

Intuitively, those located far from the PSP will pay morertha The revenues for distributed resources under this tariff
those located near the PSP. Again, for the ease of presemtatscheme are given by (14) plus (35).

let the tariffs for demand defined by (30)and (34) be Tariffs 2 The difference between this tariff and the previous tariff
and 3 respectively. The comparison between these twodariior demand is (37) less (34) and shows the change in tariff
can be seen in Table Il

TABLE Il

EXPENDITURES ANDREVENUES UNDERDIFFERENT TARIFF SCHEMES

WITH AND WITHOUT DG IN USDNNR - 3VsS. 2

Network Charges

Tariff 3 Z 5 6 7 8

3| 18356 | 117901 | 20569 | 20675 | 21064 | 21984
3DG | 13012 | 113714 | 15133 | 15196 | 14862 | 13955
3BE T o071 0.96 0.74 0.73 0.71 0.63
32 ] 090 | 099 101 | 1.01 103 | 1.08
3BC ] 089 | 105 104 | 104 [ 102 | 096

Total Expenditures

3 | 255816 521871 258029 | 258135 | 258524 | 259444
3DG | 250472 | 517684 | 252593 | 252656 | 252322 | 251415
DG T 0.98 0.99 0.98 0.98 0.98 0.97
32 ] 099 | 1.00 1.00 | 1.00 100 | 1.01
3D¢ 1 0.99 1.01 1.00 1.00 1.00 1.00

Distributed Generation Network Charges and Revenues

Tariff | Network Charges Total Revenue
3DG -4473 433063

2DG

charges due to the movement to pricing losses at the margin,
introducing time-of-use and locational consideratiorie this
aspect of the distribution tariff while keeping the Amp-enil
methodology for recovery of network fixed costs.

T

OLoss; OLoss;
MRE, P,
tz:; +RF( P, dtk + 90m Qark)

T
,M Z Loss; )\
Zt:l Zk:l Pau 5

Since the losses summed up over all bugsesist be equal
in both cases, the difference at each bus is determined by the
relative distance from the PSP (reference bus), so thasload
closer to the reference bus will have (38) less than zeroewhil
those loads farthest from the reference bus will have (38)
greater than zero.

Let the tariffs in equation (34) and (37) be Tariffs 3 and 4
respectively. The comparison between these two tariffshean
seen in Table IV.

(38)
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TABLE IV
EXPENDITURES ANDREVENUES UNDERDIFFERENTTARIFF SCHEMES
WITH AND WITHOUTDG IN USD/NYR-4VsS. 3

S

Network Charge
5

Tariff 3 4 6 7 8
] 8883 | 128348 19589 | 19961 | 21017 | 22752
4DG | 8521 | 126139 | 16326 | 16511 | 16324 | 15022
D¢ 1 0.96 0.98 0.83 0.83 0.78 0.66
4/3 ] 048 | 1.09 | 095 | 0.97 100 | 1.03
D¢ | 0.65 1.11 1.08 1.09 1.10 1.08
Total Expenditures
4 | 246343 ] 532318 257049 | 257421 258477 | 260212
4DG | 245981 530109 | 253786 | 253971 | 253784 | 252482
B¢ 1 100 | 1.00 | 099 [ 099 [ 098 | 0.97
473 | 096 | 1.02 100 | 1.00 100 | 1.00
ib¢ | o0.98 1.02 1.00 1.01 1.01 1.00

Distributed Generation Network Charges and Revenues

Tariff | Network Charges Total Revenue
4DG -17445 446035
iDa

EYoTe 3.90 1.03

The load at bus 3 sees it distribution charges decrease
52% without DG and by 35% with DG as we would expe
as it is closest to the PSP. DG reduces line losses overdll,

i

peak
Pdk

n Ppeak Rccpeak :
k=1"dk

(39)

The revenues for distributed resources under this tariff
scheme are given by (6) plus (35).

The difference between this tariff and the previous tasff i
(39) less (37) less the merchandising surplus subtracted fr
the network fixed cost for the purposes of computing the Amp-
mile tariff.

T
OLoss; OLoss;
; Ae(1— RFt)(detk + m@dﬂc)
L ) N peak
— ;(AEOULZZ? + REU L") 7MS
L eak eak
I’ P?
- Z MS(l - L ) n dk eak (40)
=1 CL4}% E:k:lfﬁk

whereM S is the merchandising surplus defined in equation

If the result of equation (40) is less than zero, that meams th

#Bduction in network charges from the merchandising ssrplu

hence the reduction is lower with DG although diStrib“tiOBominates the increase in loss charges, and converselQ)if (4

costs and overall expenditures are lower with DG althougg
the reductions are less than 5%. The industrial load at bu%%J

sees its distribution charges increase by around 10% with

reater than zero, then increase in loss charges dorithgte
uction in network charges arising from the merchandisin

Arplus.

without DG in spite of being close to the PSP. However, being Let the tariffs in equations (37) and (39) be Tariff 4 and

such a large load, its contribution to marginal losses gdas
well. Without DG, even the load at the end of the network on

sees a 3% increase in charges while busses 5 and 6 see modes
reductions. However, with DG, all busses with the exception

of bus 3, see increased distribution charges in moving

reconciliated marginal losses from average losses with-amp

the proposed tariff (Prop.) respectively. The results fus t
Ié’om{)arison can be seen in Table V.

TABLE V
{EXPENDITURES ANDREVENUES UNDERDIFFERENTTARIFF SCHEMES
WITH AND WITHOUT DG IN USD/YR - PROPOSED VS 4

mile in spite of DG resulting in lower costs than the system

without DG. This results reflects the idea that DG, und

average losses, was not compensated at marginal cost fo
contribution to loss reduction, which it is now at “recoietied
marginal cost” prices, resulting in a three percent inaea
in revenues for the DG resource. Without DG, the effe
of moving to reconciliated marginal losses was simply
reallocation of the cost of losses by location. In the preeent
DG, the effect of moving to reconciliated marginal lossesoal
picks up the idea that losses are essentially “subsidizadéu

averaging. As a percentage of total expenditures, the @san
are relatively small from -4% to +2% with or without DG in
place. It is important to keep in mind these charges are

full marginal loss charges as we are respecting the constrai

to only collect the exact cost of losses.

E. Full Marginal Losses and Amp-mile Network Charges
This is the sum of (25), (26), (28), and (5)

T

L L
MLAMdeZAt(a 0854 O0Loss;
t=1

P
RIoh dtk + 0m Qatk

)

L
+ (ABoU L% + REoUL
=1

peak

dk ) X Acquk

r Network Charges
., Tariff 3 4 5 7 8
"Prop 8724 93600 | 27815 | 28421 | 29976 | 31980
PropDG 8996 113329 | 22454 | 22762 22871 21474
sTHEES | 103 | 121 | 081 | 080 | 076 | 067
CT Prop/4 0.98 0.73 1.42 1.42 1.43 1.41
aZo?De 1 106 | 090 | 138 | 138 | 140 [ 143
Total Expenditures
Prop 246184 | 497570 | 265275 | 265881 | 267436 | 269440
PropDG | 246456 | 517299 | 259914 | 260222 | 260331 | 258934
TropDG 1100 | 104 | 098 | 098 | 097 | 096
& rop
@ Prop./4 1.00 0.93 1.03 1.03 1.03 1.04
IZEO(I;‘ 1.00 0.98 1.02 1.02 1.03 1.03
ot Distributed Generation Network Charges and Revenues
Tariff Network Charges Total Revenue
PropDG -30506 459096
Lroplo 175 1.03

For busses 3 and 4 closest to the PSP, the distribution
charges decrease by 2% and 27% respectively, without DG,
from the previous tariff. For these two busses, the redactio
in the network charges more than offsets the increase in loss
charges as the loss charge increase should not be large being
close to the PSP. With DG in place, bus 3 sees a 6% increase
and bus 4 only sees a 10% decrease in distribution charges
from the previous tariff. The reduction of the non-locatibn
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part of the Amp-mile charge benefits the industrial custombrsses at nodal prices and this adds to the network costs that
at bus 4 that is driving the peak. The presence of DG redugasst be recovered.
losses and loading and hence reduces the merchandisin@verall, in absolute monetary terms, busses 5-8 realize
surplus under full nodal pricing so the amount of rebate theduced charges with DG present, while bus 3 sees a slight
industrial customer at bus 4 and the load at bus 3 can receiverease and bus 4 sees a 21% increase with DG present.
is less. For the remaining busses, the distribution chargésnsequently, not everybody on the network benefits from
increase between 38% and 43% driven by their distance fr@® in our proposed tariff, and the benefits accrue to busses
the PSP, and their low contribution to system peak that tesutlosest to the PSP or DG. However, DG revenues increase in
in a low “rebate” from the merchandising surplus. Still, inhe transition by 7% in total, with 3% gains being attribuéab
spite of the large percentage changes in distribution @sargto movements to reconciliated nodal pricies and full nodal
the overall change in energy charges ranges from -7% to +4ffices respectively and 1% to moving to the Amp-mile tariff.
without DG and a range of -2% to +3% with DG. The DG As we can see in the tariff decomposition, the movement to
resource again sees a modest three percent gain in revemighscident peak network charges drives the decrease ifstari
over the previous tariff regime with reconciliated margingor residential busses as their peaks are countercyclibeo t
losses. coincident peak and contribute relative little to the caleat
peak. By the same token, the industrial customer drives the
E. Benchmark Average Cost Tariff vs. Proposed Cost Causr)e_ak and its increase is driven py the move toward coincident
tion Based Tariff peak n_etwork_charges. The Io_cgnonal a;pects have (_)nly_la sma
effect in relative terms surprisingly. This may be differén
Having looked at the decomposition of the tariff changegie network is close to fully loaded at peak.
we examine the complete change in moving from the averagewith respect to losses, the movement to full marginal losses
cost tariff to the proposed cost-causation based tariffabld nder nodal pricing has an offsetting effect from the moveime
VI. We observe that even residential loads far from PSP se@uacoincident peak network charges and the two are intimpatel
decrease in distribution tariff charges moving toward théal |inked. Full marginal losses leads to charges that are highe
pricing, Amp-mile method whether or not DG is present in thgye farther away from the PSP, all else equal. Moreovergther
system, though the decreases are larger with DG in the systgng merchandising surplus from using full marginal losbes t
than without it. This is a counterintuitive result in thateon can be used to offset the network charges for everybody in our
would have expected these loads to see tariff charges B&regroposed methodology. And because the industrial custemer
More intuitively, however, the presence of DG led to greatefriving the coincident peak, it will also benefit most froneth
decreases for these loads as it reduced marginal losses & of the merchandising surplus to offset the network @sarg
busses 5-8. Bus 3 still observes a decrease, but not as gf@@ice, the overall decrease to busses 5-8 is dampened by full
in percentage terms as without DG. Consequently, for bussggrginal losses under nodal pricing and the overall ineréss

5-8 overall expenditures decrease by up to 2%. dampened to the industrial customer from full marginalésss
TABLE VI
RATIO OF EXPENDITURES ANDREVENUES- PROPOSED VS 1 VI. CONCLUSION

Network Charaes In this paper we have shown a decomposition of the changes

Tari 3 4 5 6 7 8 in distribution tariff charges in moving from a purely avgea
PPrOI}% 026] 169 084 0.86| 091 ] 0.97 cost tariff structure to a cost-causation based tariffcstne
—ihe - | 033 th-‘tBE 0'831 084 084 ] 0.79 with full marginal losses and an extent-of-use (Amp-mile)

Otal EXpenditures . .

Prop/l [ 0.9 1.0 | 0.98 | 0,08 ] 0.99 | 1.00 m_ethod for the recovery_of_network flxed_ costs with an_d
PropDG | 093 | 1.15 | 098 | 0.98 | 0.98 | 0.98 without the presence of distributed generation. Deconmgpsi

obl . . . . . . ' ice :

Distributed Generation Network Charge and Revenue Ratios the tariff changes is important to understanding why charge
Tariff Network Charges Total Revenue have changed in the way they have so that seemingly counter-

PropDG . . . .
B undefined 1.07 intuitive results can be understood. In our example, the big

drivers for the change in tariff charges are the changesaue t
Bus 4, the industrial customer, realizes an enormous imoving to coincident peak charges for network cost allacati

creases in network charges of 69% without DG and 148&thd moving to full nodal pricing for the recovery of losses.
with DG. There are two main drivers for this result. FirstConsequently, both time and locational aspects are importa
the industrial customer is driving the coincident peak anthe counter-intuitive results were that residential lodais
bears the greatest share of network fixed costs. Second, filoen the PSP saw their charges decrease, and industrial load
industrial customer being a large load is a big contributor tloser to the PSP saw its charges increase substantialig Mo
marginal line losses. As for the increase being greater @h intuitively, the charges of the industrial customer shotie
there are two reasons. One, the presence of DG reducesabadt is driving the coincident peak whereas the residential
merchandising surplus available to rebate back to thiooust peaks are countercyclical to the coincident peak and it is
through reductions in the network fixed costs that are alktta this result that dominates the locational result. The tssul
Two, and minor compared to the first effect, is the fact that DGould certainly look different under different load profiland
is being paid for effectively creating capacity and for reidig topologies.
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DG adds nuances to the analyzed effects. With respecttioPaul Sotkiewicz has been the Director of Energy Studies at the Public
moving to reconciliated marginal losses. DG exposes tha idétility Research Center (PURC), University of Florida €n2000. Prior to

h ina for | hiah . h h load i Joining PURC, Dr. Sotkiewicz was a staff economist at the tebhi States
that paying for losses at higher prices shows how loa '5936 deral Energy Regulatory Commission (FERC) working onketadesign

“subsidized” under loss averaging. Moreover, DG incre#lses issues related to the New York ISO and the California 1SO. éteived his

network fixed costs that must be recovered as it effectiv in economics and history from the University of Floridaif91, and his
. . .A. (1995) and Ph.D. (2003) in economics from the Univgrsit Minnesota.

creates network capacity. DG also reduces line losses lbvera

and thus reduces the merchandising surplus that can bedebat

back to load by offsetting network fixed cost. Finally, DG,

while benefiting those closest to it, seems to increase mktwo

charges for some loads on the network. It is important to note

in the final analysis that the effects of tariff changes in the

presence of DG may change considerably with different load

profiles and different topologies.
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