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* Three thoughts beyond least-cost distribution
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Focus distribution network access tariff design

“Something is dying alright, just not the utility. It’s the ability of regulators, utilities,
and interest groups to push around revenue collection among customers without the

customers pushing back.”

S. Borenstein (Economics professor UC Berkeley)
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NV Energy CEO: Solar Has Gotten a ‘Free
Ride’ on the Grid
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1 A‘f by Herman K. Trabish
ﬁ August 19, 2013

. "_.l-' R 3 {.‘- “"What are you avoiding by putting PV on rooftops? | would

suggest it is not a lot.”

ﬁ Elsevier Inc. All rights reserved., http://dx.doi.org/10.1016/jtej2014.07.003  The Electricity ]ourrh

Rediscovering Residential
Demand Charges

Ryan Hledik is a Senior Associate
in The Brattle Group's San Francisco
office. His expertise is in assessing the
poomomics of demand-
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In an environment of declining sales growth and rising
costs, electric utilities and their stakeholders are exploring
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Recovery by Utilities
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Energy Emnomics 54 (2016) 108-122

Distribution network prices and solar PV: Resolving rate instability and

Paul Simshauser
Griffith University, Brishane, QLDA 111, Australia

Severin Borenstein wealth transfers through demand tariffs
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EC, 2015. “Study on Tariff Design for Distribution Systems.”
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Least-cost tariff design in theory

Tariff as coordination tool instead of merely allocative function

Cost-reflective:
Forward-looking-peak-coincident capacity

charge set equal to the LTMC

Distribution network
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Critical peak pricing in reality? [P

UTILITY OF

THE FUTURE

0 1000 2000

Regulatory principles?
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Least-cost network tariff with 3 standard
options: €/kwWh, €/kW and/or €/customer

Many difficulties are faced when implementing a distribution
network tariff, two important ones are:

- Implementation issues with cost-reflective tariffs: Not having a perfect
proxy for the network cost driver(s)

- Fairness: Tariff re-design and gains made by active consumers cannot be at
the expense of passive consumers

Research question

In a world with active consumers, how to design the least-cost distribution
network tariff while being faced with these two different real-world
constraints?

EUI



Least-cost network tariff with 3 standard
options: €/kWh, €/kW and/or €/customer

50 % active consumers

No inaccuracy in network cost driver

100% 50 % active consumers - No inaccuracy

in network cost

Total grid costs and tariff
(100 %: default grid costs)

Results compared to the default case
75% (=no DER & volumetric network charges) driver proxy
100 % Sunk grid costs 0.0%
A Total system costs |50 % Sunk & 50 % Prospective -1.4%
- 100 % Prospective grid costs -6.8%
0% The avoided grid costs > Cost of DER adoption

100 % Sunk 50% Sunk 100%
50% Prospective  Prospective

Tariff component: ® Fixed ™ Volumetric M Capacity

* Perfect implementation of cost-reflective charges (€/kW)

* Active consumers can invest in solar PV and batteries
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1t practical difficulty:
Implementation of cost-reflective tariffs
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Implementation cost-reflective network charges

Individual capacity-base charge

* Appliedin all months

Contents lists available at ScienceDirect

Energy Policy

=

Designing more cost reflective electricity network tariffs with demand G)(:".“MJ.\
charges

journa | homepage: www.elsevier .com/locate /enpol

Robert Passey™"*, Navid Haghdadi®, Anna Bruce®, Iain MacGill*

* School of Flectrical Engineering and Telecommunic ations u,m-mn_v o New South Wales, Sydney 2052, Australia
" School of Photowoltaic and Renewable Energy Engineering, University of New South Wales, Sydney 2052, Australia

higher than their average demand

* Minimum 1 kW payment
4 10 T | T s
’;‘ 8 _
Proxy for | £ :
what § 1
consumer| 2 Individual peak demand a lot
pays
during the network peaks
A 00 1 é 113 4 é 6 7 é 9 10

Average Demand at first 8 peaks

»

A

Proxy for what consumer contributes to the cost
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Least-cost tariff

Including an inaccuracy in the proxy of the network cost driver

No inaccuracy in network cost driver 25 % inaccuracy in network cost driver
100% 100%
[y —
£ 58
88 75% o5 %
23T £
© & oo
v 2,0 43 = i
2 £ 50% 8 3 S0%
8 uﬂ_j (S} qq_)
©
T3 =2
& 25% 2R 25%
= 5 8
R 22
) =
0% 0%
100 % Sunk 50% Sunk 100% 100 % Sunk 50% Sunk 100%
50% Prospective  Prospective 50% Prospective Prospective

Tariff component: mFixed ™ Volumetric M Capacity  Tariff component: B Fixed ™ Volumetric M Capacity

* Inaccuracy in proxy the network cost driver: individual consumer peak
reduction does not result one-on-one in system peak reduction

* Active consumers can invest in solar PV and batteries
EUIT 10



Least-cost tariff

Including an inaccuracy in the proxy of the network cost driver

50 % active consumers - . .| Inaccuracy in network
No inaccuracy in .

Results compa red. to the defaultcase| .= 1 (et cost |d flﬁt.\

(= no DER & volumetric network charges) driver e /.)ﬁmrlng.
Iuncertainty

100 % Sunk grid costs 0.0% 0.0% 0.0%

System costs 50 % Sunk & 50 % prospective -1.4% -0.3% -0.1%

100 % Prospective grid costs -6.8% -4.0% -3.7%
Network charges 100 % Sunk grid costs f250% | 25.0% I_ ©25.0% \
passive 50 % Sunk & 50 % prospective : 12.6% 15.6% i 15.9% |
consumers 100 % Prospective grid costs { 0.0% 7.0% | 10.9% ,

Inaccuracy in proxy the network cost driver: individual consumer peak

reduction does not result one-on-one in system peak reduction

Active consumers can invest in solar PV and batteries

EUI
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2"d practical difficulty:
Fairness
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Cost-reflectiveness vs fairness trade-off
Sensitivity regarding grid cost structure

2% Infeasible:
Not cost recovery is not respected Unfair

1%
cost-reflective :é‘\‘\‘\._
0% —8

-10% -5% 0% 5% 10% 15%  25%

-1%
-2%

S

@ -3% Two forces:

3 » Lower the burden of the passive consumers by shifting

g -4% grid costs from fixed to other (distortive) charges

+ + Distortive network charges again increase the burden

3 -5% of the passive consumer

-6%

-7% ) A
Increase grid charges passive consumer [%]

—e— 100 % sunk grid costs

* Subject to grid cost recovery EVT I 13



Cost-reflectiveness vs fairness trade-off
Sensitivity regarding grid cost structure

2% Infeasible:

-10% -5% 0% 5%

2% |

Not cost recovery is not respected Unfair

1%
cost-reflective g’\_
0% ! O- —

-
-
oo
- -

BUTTTR 15%  29%

-3%

-4% (emcccces .(:‘.} ....... &

System cost [%]

-5%
6% |

0—0\‘_‘

-7%

Increase grid charges passive consumer [%]

50 % sunk grid costs

—&— with no uncertainty

—e— 100 % sunk grid costs : z
--4-= with 25 % uncertainty

100 % prospective grid costs
—e— with no uncertainty
--o-- with 25 % uncertainty

* Subject to grid cost recovery
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Cost-reflectiveness vs fairness trade-off
Looking at the tariffs behind

2%

% 1% Not Unfair
() |

S - cost-reflective

EO0% e e—

w -

>

>

wv

Theory Uncertainty plus
fairness constraint

100%
=3
g o
-
T © 75% /7 . .
S E Even if volume is not a network
0= cost driver it can make sense to
]
= < recover part of the cost by (not-net
- O .
& 5 Sk metered) volumetric charges”
£s
)

0%

m Fixed m Capacity

Tariff component: ;
m Volumetric (net purchase) EVI 15




Conclusions and policy implication

The two difficulties have a significant impact on the least-cost
network tariff design

— Smartly departing from the ‘theoretical’ least-cost tariff limits welfare loss

Interaction between the implementation issues and fairness

— When not anticipating imperfect implementation, the system costs will
increase plus the fairness issues will aggravate

Results depend on the state of the grid

— Many grid investments still to be made: both active and passive consumer
can profit

— Mainly sunk grid costs: smaller passive consumers always worse off —
other tools than ‘standard tariff options’ needed
» Differentiated fixed charges
* Taxation active grid users: controversial
» Specific low-income programmes
* Recovery of full grid costs through electricity bill? EUT I 16



Three thoughts beyond least-cost
distribution network tariff design in
theory and practice
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1/ What about fairness other than between
d 0 m e St i C c 0 n S u m e rs ? Brandstatt, Christine; Brunekreeft, Gert; Furusawa, Ken; Hattori, Toru

Working Paper

E ° g ° t h e ca Sca d i ng p ri n Ci p I e Distribution planning and pricing in view of increasing

shares of intermittent, renewable energy in Germany
and Japan

high voltage cost of this network level
(HV) | J metered customers
I
HV - MV ’
medium

voltage (MV)

MV - LV

low voltage

(LV)

standard customers EvI 18
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2/ What about the recuperation of taxes and
levies through the electricity bill?
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3/ Is support for energy efficiency, and rooftop-
PV a design principle for network tariffs?

UNIVERSITY OF CALIFORNIA

——y Berkeley

Why Am I Paymg $65/year for
Your Solar Panels?

Jim Lazar

MARCH 26, 2018 AT 9

This is a very disappointing post.

13 AM

Jim Lazar

Senlor Advisor

)

Emailk Jazs Srapcoline o

First and foremost, “infant industry” subsidies exist for an important reason: to stimulate a new industry that has promise
to help all of us. We did it with land grants to the railroads; we did it with air mail subsidies to the airlines; we did it with

Lucas Davis &

MARCH 26, 2018

ols

8 AT 9:27 AM
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Setup game-theoretical model: bi-level

NLP, turned into MILP

Upper-level benevolent regulator

Objective: minimization of the total system costs

Decision variables:

‘Structure’ of the network tariff (volumetric, capacity, fixed)
‘Magnitude’ of the coefficient

Constraint: Total grid costs = network charges collected

Total grid costs= sunk grid costs + incr. grid cost *coincident demand

MPEC, reformulated as MILP

LP

Lower-level self-interest pursuing consumers (active and passive)

Objective: minimization of the total costs (bill + investment) to satisfy their electricity needs
Decision variables: Possibility to invest in distributed energy resources (DERs), PV and batteries

Constraint: Fulfillment of individual electricity demand

EUI . 5
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e Slightly smaller passive than active consumer
* Relatively cheap technology cost: batteries and solar PV

* Baseline ‘as-it-was’: nobody reacts (fit-and-forget) and
network charges are volumetric, = 35 % of the total bill
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Implementation cost-reflective network charges

Contents lists available at ScienceDirect = SR
POLICY
Energy Policy
journal homepage: www.alsevier.com/locate/enpol

i CO i n C i d e nt Ca p a C ity_ b a S e C h a rge Designing more cost reflective electricity network tariffs with demand @«_ ,,,,,,,,,

charges

Robert Passey™"", Navid Haghdadi”, Anna Bruce”, lain MacGill*

. . .
[ ) School of lectrical Engineering and Telecommunications, University of New South Wales, Sydney 2052, Australia
® School of Photwowoltaic and Renewable Energy Engineering, University of New South Wales, Sydney 2052, Australia

* No minimum payment

Proxy for
what
consumer

pays

Unitised Demand Charge (kW)

v 0 1 2 3 4 5 6 7 8 9 10
Average Demand at first 8 peaks
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Proxy for what consumer contributes to the cost EUT I 25



