WORKING PAPER, APRIL 2006 1

Towards a Cost Reflective Tariff for Distribution
Networks: The Effect of DG

Paul M. Sotkiewicz and J. Mario Vignolddember, IEEE

Abstract—This paper follows up on its companion paper necessity of analyzing the decomposition of tariff chaniges
decomposing the effects of the transition from a fully averge fully understand the reasons for the direction and magaitud

cost dlstrlt_)utlon tariff to a cost reflective dlstrlbu_tlon t ariff, in of changes in tariff charges in the transition to more cost-
terms of time and location, that uses nodal prices to recover reflective tariffs

losses and an “extent-of-use” method to recover network fixa ) . L . )
costs based on use at coincident peak, but in the presence of [N this paper we introduce distributed generation (DG) into
distributed generation (DG). the analysis following up on [3] and [2] and the companion

As we do in the companion paper, we apply our tariff transition  paper [4]. DG is important in that, if located optimally, &rc
‘L""J”d decomposition method to an example network with data frm  yaqyce line losses and effectively create additionalibistion
ruguay to isolate the various effects including the influene of capacity at the coincident peak. As argued in [3] and [2], DG
should be compensated for reducing losses by being paid at
nodal prices and being paid for the capacity created under
the Amp-mile Method. Thus, DG provides countervailing cost
changes to distribution tariffs for loads. By reducing line
|. INTRODUCTION losses, DG has the ability to reduce the loss component of
N the companion paper to this work [4] we examinethe distribution tariff. However, if it is paid for the capgcit
the changes in distribution charges attributable to movirfgeates, the load has a larger network fixed cost for which it
from a tariff that averages the cost of losses and netwofkust pay. The effect that dominates for loads of a particular
fixed costs over all load to a cost-reflective tariff that use¥ofile and location is analytically unclear, indicating theed
nodal pricing to recover the cost of losses as suggested in {@r simulation analysis.
and the Amp_m"e Method as proposed in [2] that recoversln Sections Il and Il we outline the various methods
network fixed costs through a locational charge based on fi§ recovering losses and network fixed costs necessary for
“extent of use” at the coincident peak. We decomposed tREI comparison and decomposition. Section IV describes our
change into four components: Changes due to use at coiricid@sults both analytically, to the extent possible, and of ou
peak for network costs; changes due to charging by locatiginulation exercise, and Section V concludes.
(extent of use) for network costs; changes due to moving
. - . ; Il. DISTRIBUTION TARIFF LOSSES ANDDISTRIBUTED
to marginal losses under nodal pricing while respecting the GENERATION REVENUES
constraint that we cannot recover more than the cost of $osse
(reconciliated marginal losses); and the change due tongovi FOr use in this section and subsequent sections we define
to full marginal losses under nodal pricing and using thige following notation. o _
merchandising surplus to offset network charges so we cesp'eet k be the index of busses on the distribution network with
the constraint that we cannot over-recover for the costhef tF = 1, 7.
system. Let £k = 0 be the reference bus and this is also the power
We showed moving to coincident peak charges and to fuf§#PPly point (PSP) for the distribution network.
charging for marginal losses while rebating the merchangiis L€t ¢ be the index of time witht =1, ..., T" .
surplus through the fixed charges have the greatest effde® subscriptsi andg represent demand and generation.
on changes in distribution tariff charges with each of thes&€t Farx and Py be the active power withdrawal and
effects acting as a counterbalance to the other. In our dRi€ction respectively at node at timet.
ample the coincident peak effect dominated the locatiorls§t Qarx and Qg be the reactive power withdrawal and
effect leading to the counter-intuitive result that loads finjection respectively at node at timet.
from the interface with transmission (power supply point'}_et P, be the active power injected at the reference bus at
actually paid lower charges under the cost reflective tergh Ume ¢. _ _
previously. Surprisingly, the incremental movements tee L€t A: be the price of power at the reference bus at ttme
of-use locational charges and reconciliated marginablosad Let Loss; be the line losses at time
only small effects by comparison. Such results support the

Index Terms— Distribution networks, tariffs, loss allocations,
fixed cost allocations, distributed generation.
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Republica , Montevideo, Uruguay. Sotkiewicz with the Rakltility Research .
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Florida USA. (Email: jesus@fing.edu.uy; paul.sotkiewiaz@.ufl.edu) losses in [4] we re-state that here.
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C. Reconciliated Marginal Losses

Z p T We follow the same method for reconciliated marginal
ALgy, = —== T N Lossi, (1) losses as we did in [4] and follow [1]. Again, reconciliated
Zt 1 2up=1 Fatk 1= marginal losses adjust the marginal loss coefficients sb tha

We follow the practice in Uruguay for any distributedh® nodal prices exactly cover the cost of losses.
generation sources connected to the system and assume th&Pnsider the approximation of lossesLoss;
are not charged for losses. However, DG still collects raeen
from selling power and is paid the prices at the P&Peach i: 0Loss 0Loss

period it runs. The total revenue stream is then ALoss; = £ Py, Pt OQan Qark
0Loss 8Loss
—Pgtk Qgtlw (9)
— geRat noting that the marginal loss coeff|C|ent for injections
(gf{’fg and Bg‘”é) have the opposite sign of the marginal loss

coefficients for withdrawals.
Dividing the actual losses by the approximation of losses
We define nodal prices just as we did in [4], but relative tprovides the reconciliation factor in periad RE}.

withdrawals at nodé:

B. Marginal Losses from Nodal Prices

Loss;
(1 OLoss; 3 RE = ALoss; (10)
pa =M1+ OPgs ) 3) We can then compute reconciliated prices, similar to the
0Loss prices in equations (3) and (4), but with the marginal loss
pre = Al 0Qatk ) factors multiplied by the reconciliation factor and theuktiag

loss charges for load at timefor busk.
where the price of reactive power at the reference bus 'Is g

assumed to be zero. The charge for marginal losses for loads
0Loss;

at busk is pag, = M\e(1+ RF; ) (11)
0Ptk
. O0Loss;
T pr,;k = )\t (RFt ), (12)
0Loss 0Loss 0
MLak = M 5) Pask + M DQark-  (5) - Qauk
-1 g OQatk OLoss; OLoss;
RLak =Y  NRF(“55—Pa + Qarr)  (13)
Under nodal pricing distributed generation connected ¢o th t=1 dtk OQuat
network is paid the nodal price including marginal lossé® T ynder reconciliated nodal pricing distributed generation
revenue collected by distributed generation at bus connected to the network is paid the nodal price including
marginal losses. The revenue collected by distributed rgene
tion at busk is
aLoss dLoss
REVHE ="M\ ( L +A ! 6
Z (U 55 P+ M) Quik (6)
OLoss
RL t
The distribution company recovers energy costs inclusive REVg) ZAt (L+ RE 55— APy )Pyt
of losses plus a merchandising surplus over all heui€S) =t OLoss
equal to: +Xi(RE, 5 ——) Qg (14)
Qatk
P The resulting reconciliated merchandising surplus is equa
MS — Z Zpatk(Pdtk — Py) + pren(Qare — Qo) to zero by construction.
t=1 k=1 . -
=Y MPo (7)) MST= > pag(Pak — Pyur) + prig(Qaek — Qgur)
—1 t=1 k=1
aL ¢
0SS
MS = Z Sl o) (Patk = P =2 _ NP (15)
t=1 k=1 t=1
9Loss 3 \ P 8 MS™ = XT: 3 M[(1+ RE; 8Lo‘gst)(Pdtk — Pour)
30me N Qatk — Qgtr)] — ; tPro.  (8) e P 9
T
. . . . oL
And we note that in general, the merchandising surplus is L RE( Osst)(thk — Quun)] — ZAtPto
greater than zero. IQark t—



WORKING PAPER, APRIL 2006 3

T n T . . o .
B B locational charges. When the circuit is relatively unlahdee
= Z Z M(Pate — Pyur, + Losst) Z Aubio =0 (16) majority of costs will be recovered over all load at peak.

We define the active and reactive power to absolute current
distribution factors with respect to an injection or withaal
at busk to the absolute value of current on the liheat the

coincident peak as:
As in the previous section, we follow the companion paper

to this work [4]. For this section, we define the following

t=1 k=1 t=1

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

eak
additional variables that will be used throughout the remdar APIDFber — oIy (19)
of this section. ' dPhek
Let [ be the index of circuits with =1, ..., L. . aIpeak
Let CC; be the levelized capital and non-variable O & M RPIDFj™ = anwk, (20)

cost or fixed cost of circuit.

Let I7*°* be the current flow through circuit at the  wherei € {d, g}. We note that theAPIDF and RPIDF

coincident peak. may have the opposite sign for injections from DG resources

Let C AP, be the capacity of circuit. connected to the system.

Let peak as a superscript denote values at the coincident peakWe can then define the active and reactive power extent of
use factors of circuit for load and/or generation at bus
respectively as

A. Per MWh Average Charges
APIDFRS x pheak

Following the tariff from [4], we define the charge for loads AEoULPfk“k — (21)
at each bus for the recovery of network costs as ’ Arpek
RPIDF-peak peak
v, REULL™ = ﬁpwk Quir (22)
NACy, = MZCQ (17) 1
IAD Dy Par 1= wherei € {d, g} and AI’*** is a scaling factor defined so

Following the regulatory practice in Uruguay, distributed@t the summation for all busses for a given lireguals one.
generation resources do not face fixed network charges.

n
Alpeak _ APIDFpeak Ppeak + RPIDFpeak Qpeak
B. Coincident Peak Charges : Z ok ak

Again, following the same tariff from [4] the charge for +APIDF  Pre®  RPIDFPSRQPt (23)
loads at each bus for the recovery of network charges at
coincident peak is Again, because thd PIDF and RPIDF may have oppo-

site signs for DG resources, the extent of uses factors define
in (21) and (22) may also be negative which has implication
for the charges defined below in (25) and (26).

NPCar, = S Ppeak lz; cai. (18) Define the adapted or used circuit capacity for the levelized

annual circuit cost to be recovered through locational gbsr
We assume once again that distributed generation does gotof

face fixed network charges under this tariff scheme as would

peak

be regulatory practice in Uruguay. peak _ Pk
ACC, = CAD, x CCy, (24)
C. Locational Peak Charges: Amp-mile Thus, the locational charges to load and generation for

We refer the reader to the companion paper [4] and to [2ftivé and reactive power are
for discussion about the Amp-mile method. We adjust and

define the notation needed for Amp-mile in the presence of L

distributed generation. ALE =N " ABoU L™ x ACCpee® (25)
We do remind the reader the fixed charge computed under =1

amp-mile has two parts. The first part is based on the extent peak L peak peak

of use of all circuits by loads at each bus at the system RLE™ =" REoULL™ x ACC] (26)

coincident peak (locational portion) for only the portioh o =1

the circuit capacity that is used. The second part of thegehar wherei € {d, g}.

covers costs associated with the unused portion of theitircu As intimated above, it should be noted that for distributed
capacity and is recovered over all load at coincident peajeneration connected to the network, it is possible that the
Thus, the mechanism has the property that when the circlaitational charge is negative, thus distributed genenatie

is at capacity, all costs for that circuit are recovered tigio paid for providing counterflow that essentially creates @eipy
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on the network. This will only happen if the DG resourcef load at coincident peak is greater than the share of agerag

locates so that it reduces current flow on a circuit. If théoad over the year. However, the actual monetary value of

charge is negative, it creates another revenue stream for O@sses reduced is the same under both tariffs.

resources. Still, the result we observed in comparing these two tariffs
Again, the extent of use method we use will not allocate [4] still holds. The movement to coincident peak charges

all fixed costs based upon the extent of use. The remainitaggrecover network fixed costs has a large effect on who pays

non-locational costs that must be covered are for those costs versus averaging.
) L peak B. Averaging Losses and Amp-mile Network Charges
peak __ _ a
RCC - Z(Ccl ACC™), (27) This tariff scheme introduces locational aspects into netw

=1 charges. The charge for load at buss the sum of (1), (25),

and these costs will be allocated based on the individuakloa(26), and (28).
not to generationat the coincident peak as a non-locational

chargeN LF¢F. ST Py
ALAMgp = ==L N " Loss;\s
Ppeak Zt:l Zk:l Ptk t
NI = ey ROCT™, @8
k=1 Lk +> (AEoUL%;™ + REoU Lit*) x ACCP*
=1
IV. TARIFF DECOMPOSITIONRESULTS preak
k eak
The system characteristics used for the example and the +Zn ppeak RCCP™. (29)
k=1"k

results we report below are identical to those in the congrani

paper [4], except we add a 1 MW DG resource at bus 8 thatPG pays a charge for its extent of use

operates at a 0.95 lagging power factor. During weekend days

it only operates at 500 kVA (half capacity). We decompose L

changes from moving from the benchmark tariff where all Z(AEOULgf,Sk + REoUL’g’fk“’“) x ACcreek (30)
costs associated losses and fixed network assets andiastivit =1

are averaged over all MWh to loads to the proposed cost-We note that if (30) is negative, this is a payment to DG for
reflective tariff using full nodal pricing and the Amp-mileeffectively creating network capacity at peak, and it adssts
method for recovering network fixed costs for loads and Dfhat must recovered from all load by the same amount. This

as we did in the companion paper to this [4]. potential source of revenue is in addition to proceeds from
sales in (2).

A. Averaging Losses and Network Costs Versus AveragingThe difference in charges to load at bubetween this tariff

Losses and Coincident Peak Network Costs and the previous tariff with average losses and coincideakp

The definitions of these tariffs do not change with disgharges Is (29) less (1) and(18)

tributed generation, thus we refer the reader to the coropani
paper [4]. Still we note the full average cost tariff is tharsu

of (1) and (17), and the average loss plus coincident pedk tar
is the sum of (1) and (18). We also note the revenues accruing

> (ABoULE™ + REoULY™) x ACCP***
=1

ea L ea
to DG resources are defined by (2). _ preet )3 ek oc (31)
Let the full average cost tariff and the average loss plus Sy p}:ea’“ — CAP, :

coincident peak charge tariff be referred to as tariffs 1 and
respectively in Table I.
DG has the effect of reducing the overall network costs

Customers with the same load profile but located at different
ses will pay accordingly to their impact on network use.

reducing line losses for load at all busses. However, DG h uitively, those located far from. the PSP will pay morertha_
no effect on the allocation of network fixed costs under thela0S€ located near the PSP. Again, for the ease of presentati

tariff designs, so all the change between the tariffs witd anct the tariffs defined by the sum of (1) and(18) and (29) be

without DG is driven by the reduction in losses. The redurtio! 211 2 and 3 respectively. The comparison between these

in network charges under the fully average cost tariff is 189/° tariffs can be seen in Table II.
for all load customer. However, for the coincident peakffiari

DG has a greater percentage effect for residential load%)29

and a lower percentage effect for the industrial customer at

bus 4 (8%) due to the different base of costs as the industrial

customer is driving the peak, while residential customeseha

low loads at the coincident peak. The reason for this has been

in explained in [4], but in short charges for loadfawill be

greater under coincident peak charges if the individuatesha
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TABLE |
EXPENDITURES UNDER DIFFERENT TARIFF SCHEMES WITH AND WITHOUDG IN USDAYR- 2VsS. 1

Network cost

Tariff 3 4 5 6 7 8 8-DG
2-NoDG 20400 | 118547 | 20400 | 20400 | 20400 | 20400 n/a
2-DG 14543 | 108688 | 14543 | 14543 | 14543 | 14543 0
2-DG/NoDG 0.71 0.92 0.71 0.71 0.71 0.71 n/a
1-NoDG 33000 | 55545 | 33000 | 33000 | 33000 | 33000 n/a
1-DG 27143 | 45686 | 27143 | 27143 | 27143 | 27143 0
1-DG/NoDG 0.82 0.82 0.82 0.82 0.82 0.82 n/a
2/1 NoDG 0.62 2.13 0.62 0.62 0.62 0.62 n/a
2/1 DG 0.54 2.38 0.54 0.54 0.54 0.54 0/0

Total Expenditures
2-NoDG 257860 | 522517 | 257860 | 257860 | 257860 | 257860 n/a

2-DG 252003 | 512658 | 252003 | 252003 | 252003 | 252003 | -428590
2-DG/NoDG 0.98 0.98 0.98 0.98 0.98 0.98 n/a
1-NoDG 270460 | 459515 | 270460 | 270460 | 270460 | 270460 n/a

1-DG 264603 | 449656 | 264603 | 264603 | 264603 | 264603 | -428590
1-DG/NoDG 0.98 0.98 0.98 0.98 0.98 0.98 n/a
2/1 NoDG 0.95 1.14 0.95 0.95 0.95 0.95 n/a
2/1DG 0.95 1.14 0.95 0.95 0.95 0.95 1.00

TABLE Il

EXPENDITURES UNDER DIFFERENT TARIFF SCHEMES WITH AND WITHOUDG IN USD/YR - 3Vs. 2

Network cost

Tariff 3 4 5 6 7 8 8-DG
3-NoDG 18356 | 117901 | 20569 | 20675 | 21064 | 21984 n/a
3-DG 13012 | 113714 | 15133 | 15196 | 14862 | 13955 -4473
3-DG/NoDG 0.71 0.96 0.74 0.73 0.71 0.63 n/a
2-NoDG 20400 | 118547 | 20400 | 20400 | 20400 | 20400 n/a
2-DG 14543 | 108688 | 14543 | 14543 | 14543 | 14543 0
2-DG/NoDG 0.71 0.92 0.71 0.71 0.71 0.71 n/a
3/2 NoDG 0.90 0.99 1.01 1.01 1.03 1.08 n/a
3/2 DG 0.89 1.05 1.04 1.04 1.02 0.96 -4473/0

Total Expenditures
3-NoDG 255816 | 521871 | 258029 | 258135 | 258524 | 259444 n/a

3-DG 250472 | 517684 | 252593 | 252656 | 252322 | 251415 | -433063
3-DG/NoDG 0.98 0.99 0.98 0.98 0.98 0.97 n/a
2-NoDG 257860 | 522517 | 257860 | 257860 | 257860 | 257860 n/a

2-DG 252003 | 512658 | 252003 | 252003 | 252003 | 252003 | -428590
2-DG/NoDG 0.98 0.98 0.98 0.98 0.98 0.98 n/a
3/2 NoDG 0.99 1.00 1.00 1.00 1.00 1.01 n/a

3/2 DG 0.99 1.01 1.00 1.00 1.00 1.00 1.01
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TABLE Il

EXPENDITURES UNDER DIFFERENT TARIFF SCHEMES INSD/YR - 4 vS. 3

Network cost

Tariff 3 4 5 6 7 8 8-DG
4-NoDG 8883 | 128348 | 19589 | 19961 | 21017 | 22752 n/a
4-DG 8521 | 126139 | 16326 | 16511 | 16324 | 15022 | -17445
4-DG/NoDG 0.96 0.98 0.83 0.83 0.78 0.66 n/a
3-NoDG 18356 | 117901 | 20569 | 20675 | 21064 | 21984 n/a
3-DG 13012 | 113714 | 15133 | 15196 | 14862 | 13955 -4473
3-DG/NoDG 0.71 0.96 0.74 0.73 0.71 0.63 n/a
4/3 NoDG 0.48 1.09 0.95 0.97 1.00 1.03 n/a
4/3 DG 0.65 1.11 1.08 1.09 1.10 1.08 3.90
Total Expenditures
4-NoDG 246343 | 532318 | 257049 | 257421 | 258477 | 260212 n/a
4-DG 245981 | 530109 | 253786 | 253971 | 253784 | 252482 | -446035
4-DG/NoDG 1.00 1.00 0.99 0.99 0.98 0.97 n/a
3-NoDG 255816 | 521871 | 258029 | 258135 | 258524 | 259444 n/a
3-DG 250472 | 517684 | 252593 | 252656 | 252322 | 251415 | -433063
3-DG/NoDG 0.98 0.99 0.98 0.98 0.98 0.97 n/a
4/3 NoDG 0.96 1.02 1.00 1.00 1.00 1.00 n/a
4/3 DG 0.98 1.02 1.00 1.01 1.01 1.00 1.03
TABLE IV

EXPENDITURES UNDER DIFFERENT TARIFF SCHEMES INSD/YR - PROPOSED VS 4

Network cost

Tariff 3 4 5 6 7 8 8-DG
Prop.-NoDG 8724 93600 27815 28421 29976 31980 n/a
Prop.-DG 8996 113329 | 22454 22762 22871 21474 -30506
Prop.-DG/NoDG 1.03 1.21 0.81 0.80 0.76 0.67 n/a
4-NoDG 8883 | 128348 19589 | 19961 | 21017 | 22752 n/a
4-DG 8521 126139 | 16326 16511 16324 15022 -17445
4-DG/NoDG 0.96 0.98 0.83 0.83 0.78 0.66 n/a
Prop./4-NoDG 0.98 0.73 1.42 1.42 1.43 1.41 n/a
Prop./4-DG 1.06 0.90 1.38 1.38 1.40 1.43 1.75
Total Expenditures
Prop.-NoDG 246184 | 497570 | 265275 | 265881 | 267436 | 269440 n/a
Prop.-DG 246456 | 517299 | 259914 | 260222 | 260331 | 258934 | -459096
Prop.-DG/NoDG 1.00 1.04 0.98 0.98 0.97 0.96 na
4-NoDG 246343 | 532318 | 257049 | 257421 | 258477 | 260212 n/a
4-DG 245981 | 530109 | 253786 | 253971 | 253784 | 252482 | -446035
4-DG/NoDG 1.00 1.00 0.99 0.99 0.98 0.97 n/a
Prop./4-NoDG 1.00 0.93 1.03 1.03 1.03 1.04 n/a
Prop./4-DG 1.00 0.98 1.02 1.02 1.03 1.03 1.03
TABLE V

EXPENDITURES UNDER DIFFERENT TARIFF SCHEMES INSD/YR - PROPOSED VS 1

Network cost

Tariff 3 4 5 6 7 8 8-DG
Prop.-NoDG 8724 93600 | 27815 | 28421 | 29976 | 31980 n/a
Prop.-DG 8996 113329 | 22454 22762 22871 21474 -30506
Prop.-DG/NoDG | 1.03 121 0.81 0.80 0.76 0.67 n/a
1-NoDG 33000 55545 33000 33000 33000 33000 n/a
1-DG 27143 45686 27143 27143 27143 27143 0
1-DG/NoDG 0.82 0.82 0.82 0.82 0.82 0.82 n/a
Prop./1-NoDG 0.26 1.69 0.84 0.86 0.91 0.97 n/a
Prop./1-DG 0.33 2.48 0.83 0.84 0.84 0.79 -30506/0
Total Expenditures
Prop.-NoDG 246184 | 497570 | 265275 | 265881 | 267436 | 269440 n/a
Prop.-DG 246456 | 517299 | 259914 | 260222 | 260331 | 258934 | -459096
Prop.-DG/NoDG | 1.00 1.04 0.98 0.98 0.97 0.96 na
1-NoDG 270460 | 459515| 270460 | 270460 | 270460 | 270460 n/a
1-DG 264603 | 449656 | 264603 | 264603 | 264603 | 264603 | -428590
1-DG/NoDG 0.98 0.98 0.98 0.98 0.98 0.98 n/a
Prop./1-NoDG 0.91 1.08 0.98 0.98 0.99 1.00 n/a
Prop./1-DG 0.93 1.15 0.98 0.98 0.98 0.98 1.07
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An examination of Table Il shows the reduction of losses the idea that DG, under average losses, was not compensated a
DG more than offsets that additional network fixed cost thatarginal cost for its contribution to loss reduction, whitks
is borne by the load busses. This can be seen as lower tamiffv at “reconciliated marginal cost” prices. Without DGeth
charges for the Amp-mile tariff with DG than without DG. Aseffect of moving to reconciliated marginal losses was simpl
before the changes in charges moving to a locational allmtata reallocation of the cost of losses by location. In the prese
for network fixed costs is quite small compared to the changesSDG, the effect of moving to reconciliated marginal losses
observed in moving to coincident peak charges, though thkso picks up the idea that losses are essentially “sulesitliz
changes are slightly larger than they were without DG. ,Stilinder averaging.
looking at the percentage of overall energy expenditure, th However, much like the case without DG, the change in
change in moving toward some locational prices to recovenarges with respect to total energy expenditures is quite
network fixed costs is negligible. As before, the changes #mall on the order +/- 2% in moving from average losses to
charges in moving from averaging network costs to Amp-mileconciliated marginal losses.
are really driven by the coincident peak component rathesm th
the ][Olfliatlion? golTpr?ne_”t, in this exalmple, ﬁ}slfh? ci(;c;t‘;:s 3. Full Marginal Losses and Amp-mile Network Charges
not fully loaded. If the circuits were close to fully loa .
might observe more of an effect from the locational charges.ThIS 's the sum of (25), (26), (28), and (5)
Still, an interesting pattern emerges in the changes in

. . . T
network costs when moving to the a locational signal. The - aLosst OLoss;
loads closes to the PSP or to the DG resource see a inghtMLAM’c =M Py Ol LT OQ ars Quak)
decrease while those loads between the generation so@ees s L
slight increases in their network charges. i Z(AEOULZZ?k i REOULZ?IZIC) % Acclpeak
=1
C. Reconciliated Marginal Losses and Amp-mile Network preak

Charges RCCP**. (34)

S _ Y Pt
This tariff charge is the sum of (25), (26), (28), and (13).

The revenues for distributed resources under this tariff
scheme are given by (6) plus (30).

T
dLossi 5'L088t The difference between this tariff and the previous tasff i
RLAM,, = MRE(——P, -
i ; tRE( P 00 mn Quak) (34) less (32) less the merchandising surplus subtracted fr
I the network fixed cost for the purposes of computing the amp-
+ 3 (ABoU L™ + REoU L") x ACCP* mile tariff.
=1
Ppeak 8Loss OLoss
+—dk_Rocret, (32 M(1 = RF) (=2 Py + ——t
S Ppeak (32) ; t t) (9P dtk + 0w Qatk)
The revenues for distributed resources under this tariff L . o IPeF
scheme are given by (14) plus (30). — Y (ABoULER* + REoU LYy )CAP MS
The difference between this tariff and the previous tariff I=1 !
is (32) less (29) and shows the change in tariff charges due ]Pea’“ ppeak
0 the movement to pricing losses at the margin, introducing *ZMS AP) peak (35)
‘ CAP' Y1, Py

time-of-use and locational considerations into this aspgthe
distribution tariff while keeping the amp-mile methodojdor whereM S is the merchandlsmg surplus defined in equation
recovery of network fixed costs. (8).
The results for this comparison can be seen in Table IV.
Much like the case without DG, bus 4 realizes a decrease in

Z MR 8Losst Pdtk 0Loss Qi) distribution chgrges moving to full ma_rginal losses. Hoarev
OQak the decrease is not nearly as great in percentage terms and
Zt . Pk the final tariff charge is much greater than without DG.
o ZLOSSMt (33) The presence of DG reduces losses and hence reduces the
21 2ok Pare merchandising surplus under full nodal pricing so the anioun

Let the tariffs in equation (29) and (32) be Tariffs 3 andf rebate the industrial customer can receive is less. At in
4 respectively. The comparison between these two tariffis cenis DG is paid for creating capacity, so there are more costs
be seen in Table Ill. The presence of DG alters the incr&s recover. Bus 3, closest to the PSP, sees a small increase in
mental change from the average loss tariff to the recomedia its charges moving to full nodal pricing for losses for samil
marginal loss tariff as can be seen in Table Ill. Instead afeso reasons as bus 4. For the remaining busses on the system, the
busses seeing a decrease in network charges, as was the icasease in network charges is not much different than tee ca
without DG, all busses except for bus 3 realize increasesviithout DG, in the range of 38% to 43% increases for network
network charges between 8% and 11%. This changes reflattarges driven by their contribution to marginal lossesabse
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of distance and the idea that they do not contribute much affsetting network fixed cost. Finally, DG, while benefiting

the coincident peak and would thus receive little back in ttthose closest to it, seems to increase network charges¢o oth

way of a rebate from the merchandising surplus. loads on the network. It is important to note in the final
analysis that the effects of tariff changes in the preserice o

E. Benchmark Average Cost Tariff vs. Proposed Cost Refld& May change considerably with different load profiles and
tive Tariff different topologies.

Having looked at the decomposition of the tariff changes,
we examine the complete change in moving from the average
cost tariff to the proposed cost reflective tariff in TableWe [l Mutale, J., Stbac, G., Curic, S. and Jenkihé, Allocation of losses
observe that residential loads far from PSP see a decrease inln distributions systems with embedded generatiitE Proc.-Gener.

ToRE X . o Transm. Distrib., Vol. 147, N 1, 2000, pp. 1-8.
distribution tariff charges moving toward the nodal prigin [2] P. M. Sotkiewicz, J. M. VignolcAllocation of Fixed Costs in Distribution
amp-mile method in the presence of DG which again is Networks with Distributed GeneratiolEEE Transactions on Power
. .. . Systems, Vol. 21, N 2, May 2006.
Coume”nt!'”t've In tha_t one would ha\{e e_XPeCted thesedoaqﬂ P. M. Sotkiewicz, J. M. VignoldNodal Prices for Distribution Networks:
to see tariff charges increase. More intuitively, howevie Efficient Pricing for Efficiency DG Enhancing.etters to IEEE Trans-
presence of DG led to greater decreases for these loads as jt actions on Power Systems, Vol. 21, N 2, May 2006.

d d inal | for b 5.8. Bus 3 still ob 44] P. M. Sotkiewicz, J. M. VignoloTowards Cost Reflective Distribution
reduced marginal losses 0!’ usses >-o. bus S st O_ serve Tariffs, Submitted IEEE Transactions on Power Systems, April 2006.
decrease, but not as great in percentage terms as without DG.

Bus 4, the industrial customer, realizes an enormous 148%
increase in network charges. There are three main drivers fo
this result. First, as was the case without DG, the industria
customer is driving the coincident peak and bears the geate
share of network fixed costs. Second, the presence of DG
reduces the merchandising surplus available to rebate back
to this customer through reductions in the network fixedsost
that are allocated. Third, and minor compared to the first two
effects, is the fact that DG is being paid for effectivelyatirg
capacity and for reducing losses at nodal prices and this add
to the network costs that must be recovered.

Overall, in the context of total expenditures, busses 5JgMario Vignolo (M'1997) was born in Montevideo, Uruguay, in 1972. He

. . . aduated from the School of Engineering, UDELAR, Monteaidn 1998.
0 0
realize a 2% decrease in charges, bus 3 realizes a 7% decr(%es%eceived an MSc. degree in Electrical Power Engineeniog fUMIST,

and bus 4 a 15% increase. With the exception of bus 4, tki@nchester, U.K. in 2001. At the moment he is an AssistanteBsor at the
percentage changes are quite similar to the case without 3Ghool of Engineering in Montevideo.

In absolute monetary terms, busses 5-8 realize reducedehar

with DG, while bus 3 sees a slight increase and bus 4 sees

a 21% increase. Consequently, not everybody on the network

benefits from DG in our proposed tariff, and the benefits aecru

to busses closest to DG. However, DG revenues increase in the

transition by 7% in total, with 3% gains being attributabde t

movements to reconciliated nodal pricies and full nodatgsi

respectively and 1% to moving to the amp-mile tariff.
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movement to coincident peak charges and to full marginal
losses have the largest effects. However, DG adds nuances
to analyzed effects. With respect to moving to reconcitlate
marginal losses, DG exposes the idea that paying for losses
at higher prices shows how load is being “subsidized” under
loss averaging. Moreover, DG increase the network fixed
costs that must be recovered as if effectively creates nmitwo
capacity, DG reduces line losses overall and thus reduees th
merchandising surplus that can be rebated back to load by



