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The electricity bill in Europe today

Figure 10:  Weighted average breakdown of incumbents’ standard electricity offers for
households in capital cities — 2012-2017 (%)
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Source: ACER calculations based on data from price comparison tools, incumbent suppliers’ websites,

NRAs, collected via ACER Retail Database (2018).

Compared to 2008 the average electricity prices for household consumers across the EU increased significantly,
by 25.9%, while industrial prices increased by only 3.7% over the same period. This substantially higher price
increase for households reflects mainly increases in charges for renewable energy sources (RES charges),
often not applied in the industrial segment. As shown in Figure 10, the average relative share of RES charges
in final electricity prices for households has more than doubled over the 2012-2017 period, from 6% in 2012 to

14% in 2017.



ENERGY INSTITUTE BLOG

POSTED AUGUST 24, 2015 BY SEVERIN BORENSTEIN / 32 COMMENTS

The Decline of Sloppy
Electricity Rate Making

“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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First-best in practice?

UTILITY OF
THE FUTURE
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Three standard options:
€/kWh, €/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

EUI 5



Setup game-theoretical model: bi-level

NLP

Upper-level benevolent regulator

Obijective: 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

) LPs

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

EVIT 6



Bi-level (decentralised) model vs central planner

MPEC, reformulated as MILP

EVI LT 7
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Upper level

Objective: min. total system costs (= max. social welfare)
With:

Linear
1.)|Total system costs = Retailer energy cost consumers + Total grid costs + DER investment costs consumers

2.) Total grid costs = sunk grid costs + incr. grid cost*Coincident peak
and Coincident Peak = max, (2L, PC; * (qw,;))

3.) Total grid costs = vnt * Y1y Y, PC; * (qwt’i — NM = qit,l-) +* WDT + cnt * YN, PC; * gqmax; + fnt

EUIT 8
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Objective: min. total system costs (= max. social welfare)
With:

1.) Total system costs = Retailer energy cost consumers + Total grid costs + DER investment costs consumers

2.) Total grid costs = sunk grid costs + incr. grid cost*Coincident peak

and Coincident Peak = max, (XX, PC; * (qwy,))

3.) Total grid costs = vnt * Y1y Y, PC; * (qwt’i — NM = qit,l-) +* WDT + cnt * YN, PC; * gqmax; + fnt

Capacity [kwW]

Targeted Charging Review: update on approach
to reviewing residual charging arrangements

jul 2 t3 @ s t6 t7 t8 ] tio 11 #12 t13 t14 15 t6 t17 t18 19 20 t21 t22 23 {24

—— Consumer 1 —— Consumer 2 = Coincident peak Reform of electricity network access and
forward-looking charges: a working paper




Modelling challenges
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Upper level — non-linearities

Objective: min. total system costs (= max. social welfare)
With:

1.) Total system costs = Retailer energy cost consumers + Total grid costs + DER investment costs consumers

2.) Total grid costs = sunk grid costs + incr. grid cost*Coincident peak

and Coincident Peak = max, (XX, PC; * (qwy,))

Non-linear
3.)| Total grid costs = vnt * Y1—q Y, PC; * (qwt’i — NM = qit,l-) +* WDT + cnt * YN, PC; * gqmax; + fnt
L : J L Y J \ )
a b C

a: vnt - Volumetric charge in €/kWh
b: cnt - Capacity-based charge in €/kW
c: fnt - Fixed charge in €/household

Strong duality theorem: Non-linear combination is replaced by a linear combination of duals

EUTET 10



Data
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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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Least-cost tariff with active consumers
Grid costs 50 % sunk & 50 % prospective
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Least-cost tariff with active consumers
Grid costs 50 % sunk & 50 % prospective
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Least-cost tariff with active consumers
Grid costs 50 % sunk & 50 % prospective
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Conclusions and policy implications

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

— With an imperfect implementation, the system costs will increase plus the fairness
issues will aggravate

* Spreading out the grid costs over the traditional network tariff options is
not unreasonable when only these options are available

— Better 3 minor instead of one significant issue

* Results depend on the state of the grid and level of T&L

— Many grid investments still to be made and low T&L: both active and passive
consumer can profit but untapped potential with solely traditional network tariff
design options

— Mainly sunk grid costs and high T&L: 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 and T&L through electricity bill? EUI 17
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+ However, regulators face many practical difficultiss when radesigning the
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3 » . » We illustrate the cost-reflectiveness versus faimess trade-off and we find
distribution |

that some cost-reflectiveness can be sacrificed to limit the distributional
impact resulting from tariff redesign.

Highlights'
« With more consumers installing sclar PV panels, it makes sense to depart
from the historical practice of volumetric distribution network tariffs with
net- metering.

+ However, this works only up to a certain point without compromising,grid
cost recovery: If grid costs are mainly sunk. and cost-reflective charges are
hard to implement, then smaller passive consumers are always worse of -
tools other than ‘standard tariff option are needed to keep distributional
impacts under control while limiting distortions.

Least-cost distribution network tariff design g

in theory and practice
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grid tariffs are designd
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Three key assumptions

Perfect price-inelastic consumers => no DR

No externalities from solar PV adoption => more volumetric?

Exogenous energy price => Volatility of the energy price

EUI
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Modelling challenges
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1.) Total system costs = Bulk energy cost consumers + Total grid costs + DER investment costs consumers

2.) Total grid costs = sunk grid costs + incr. grid cost*Coincident peak

and Coincident Peak = max, (XX, PC; * (qwy,))

3.) Total grid costs =

vnt * ZLl Z%\Ll PC; * (qwt,i — NM =% qit,i) * WDT + cnt * Z{-\Ll PC; * gqmax; + fnt

Strong duality theorem

Objective function per consumer type i, the mini

/

Sum over all (scaled) consumers

isation of individual electricity cost:

Minimise GridCharges;|+ DERCosts; + EnergyCogts,;

With:

GridCharges; 2 Y i_,(qw,; — qi,; * NM) + vnt * WDT + gmax; = cnt + fnt Vi
DERCosts; = is; » AICS + 1b; = AICB Vi
EnergyCosts; = ¥.—,(qw, = EBP, — qi,; * ESP,) » WDT Vi

(A.10)

(A.11)
(A.12)
(A.13)

EUTEN 10
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Objective: min. total system costs (= max. social welfare)
With:

1.) Total system costs = Bulk energy cost consumers + Total grid costs + DER investment costs consumers

2.) Total grid costs = sunk grid costs + incr. grid cost*Coincident peak

and Coincident Peak = max, (XX, PC; * (qwy,))

3.) Total grid costs =|vnt * ZTF] ZN‘-=1 PC; * (qw,; — NM * qi, ;) * WDT + cnt * ZNE1 PC; * gmax; + fnt

Strong duality theorem
Replaces the non-linear combination by

taking the sum over all (scaled) consumers
of this linear combination

Primal objective = dual objective

fridCharges |+ DERCosts; + EnergyCosts; = sum’of duals

Linear

IFTidChﬂTQESHI- = linear sum of duals — ( PERCosts, -li--EHEl"g}'CBSIS, )

EvI 11



Modelling challenges

Lower level — LP (check inconsistencies ex-post)

What to do with the non-linear complementarity constraints part of the KKT conditions?

1.) Fortuny-Amat and McCarl, 1981: Disjunctive constraints

2.) Siddiqui and Gabriel, 2013: SOS1-based approach — Can be combined

3.) GAMS functionality: Indicator constraints -

4.) Represent the LL by the primal constraints + dual constraints + strong duality condition.
However, discretisation of the primal objective needed.

Hypothesis: best option is a function of the tariff options and the specific scenarios

Eur: 10



1/ What about fairness other than between

d O m e St I c c 0 n S u m e rS ? Brandstétt, Christine; Brunekreeft, Gert; Furusawa, Ken; Hattori, Toru
i Talel il i ot
E.g. the cascading principle St e pre
and Japan
high voltage cost of this network level
(HV) metered customers
HV - MV
medium

voltage (MV)

MV - LV

low voltage

(LV)

LV

standard customers L EVI 23




2/ Is support for energy efficiency, and rooftop-
PV a design principle for network tariffs?

g

— Berkeley

UNIVERSITY OF CALIFORNIA

ENERGY INSTITUTE BLOG

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

Jim Lazar
MARCH 26, 2018 AT 9:13 AM

™ Jim Lazar
?,; Senior Advisor
Y

This is a very disappointing post.

Email: jlazar@raponline.org

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 AT 9:27 AM

BerkeleyHaas Al these benefits you get also with grid-scale solar, and at a much lower cost per kwh.
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