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This iIs the power sector as we know it
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This Is a more accurate picture of the power sector today

Generation of  Transmission Distribution §
electricity
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Now, imagine the event in which there is a rapid deployment of DERs
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Research design
|

* DERs penetration raise questions about the very nature of the electric power
industry What ultimately are its products? How should it price them? What
business models should the industry be developing? (OEF, 104).

Problem

* In the most extreme case, consumers _
would produce all the power their home Our solution

need and store it until the time of
consumption, effectively by-passing the

utility. * We test the creation of an energy

insurance market that enables
household’s preferences for risks (from
self-sufficiency) to be internalized and
yet allow utilities to continue operating
in the market using an alternative
* Traditional tariffs are inadequate in case business model.

of mass grid defection and in the

presence of technologies where

customers can best reflect their

preferences

* The issue of reliability for self-sufficient
households would still remain. A pay as
you go system would not reflect
opportunity costs of new idle capacity.
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What we propose

Features

* Insurance exists in order to reduce or eliminate the
cost to an individual who faces an adverse event (like

the loss of power) for a price.
In a nutshell

* Utilities’ idle generation capacity, increased as a result
of DER adoption, is repackaged and repriced as
insurance. Asset transformation (Helms, 2016).

* Utilities would charge a fixed fee that would guarantee
utilities a more stable revenue stream instead of
relying on dynamic pricing, levying high prices during
abrupt demand surges.

* Instead of selling commoditized kilowatt-hours (kWh),
utilities would sell guaranteed services.

-
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Revenue model for the electricity firm (1)

|
Stylized demand for power from the Utility for a self sufficient household

Power
Demand brief utility intervention long utility intervention

l

8760 hrs

(total per year)
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Revenue model for the utility (2)

Stylized demand for power from the Utility for a self sufficient household
Bundled/

subscription

-

Power
Demand brief utility intervention long utility intervention

l

8760 hrs

(total per year)
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Changes from a tariff perspective (1)

Tariff structure/ value chain based on costs

Tariff paid by Cost paid by
customer customer with
without DER DER

Policy A

instruments

Perceived

Network savings

costs

Capacity

. Maintenance
Ancillary costs

services

Losses

Upfront
costs

Generation
costs

Variable costs

7F **Adapted from NERA
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Changes from a tariff perspective (2)

Reliability and energy services

Tariff paid by
customer
without DER

Generati
on costs

Losses

Capacity
payments

Network
costs

Cost paid by Fixed
customer with cost
DER

Upfront

costs
home
system

Maintenance
costs

Electricity

prices

Unpaid
reliability

Reliability service

Energy service
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System vs individual, energy vs reliability, fixed vs variable

Tariff paid by
customer
without DG

Network
costs

Capacity
payments

The proposed insurance
Renewable market switches the focus
support from system reliability,
where the desired reserve
Losses marginal is a technical
decision, to a household’s
valuation of preferences
and risk aversion (an
economic problem).

Generation
costs
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Cost paid by
A customers with
DG

Insurance

Insurance

Home
system
upfront

costs

e

Energy costs

Reliability costs

Fixed
cost/
payment

Insurance
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Changes from a market perspective

POWER ONLY MARKET INSURANCE MARKET

Price Price

Supply

Consumer

urplus
Producer k

Surplus

Consumer
Surplus

Producer
Surplus

Demand Demand

Quantity

7 2
KAPSARC

h leum Studies and



Formalizing some assumptions in an conceptual Agent Based Model

Model’s

basic story

Set up

A. Each household agent is characterized for
its risk aversion, expected losses, budget
and a probability of distribution.

B. The supplier provides a menu of three
alternative contracts for households to
select from. Each contract bundles
combinations of prices and loss coverage.

C. A household at t=0, starts with an even
probability distribution (0.33, 0.33, 0.33)

Dynamics

At t=0 Household selects one contract and
they are contractually bound to it for t
periods

During Tt periods a household may face a
random loss of energy, which may or may not
be covered in full.

“Mistakes” are recorded: not the “right”
contract for me.

After every t periods, the supplier has the
option of modifying the offerings and
households of updating their choice. Updates
in probability of distribution, unit prices
(increase or decrease)

These set of contracts and choices, once
again remain fixed for the next 300 periods.
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Formalizing some assumptions in a conceptual Agent Based Model

Prob Contract 1 Prob Contract 2

Results

* We find that a stable market can
exist, where prices converge to a
long run equilibrium, and the
distribution of choices made by
households become stationary.

e Our results suggest that the creation
of this market improves welfare as
consumers transfer some of the
inherent risk to the utility.

5+ Households -1l cover % Households - budget constrained
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ARTICLE INFO ABSTRACT

Keywords: Distributed energy resource technologies (DERs) allow consumers to generate, trade, reduce, and shift their
Utilities of the future electricity consumption, largely bypassing traditional utilities. DERs can reduce consumer reliance on the grid,
Distributed energy resources. and in the most extreme scenario self-suffi from the grid and avoid all external
mm’;ﬂmﬂ'ﬂ‘ charges. However, since most DERs delivers energy, but not reliabl ity, it would be in the i of most
E ‘of these consumers to stay connected to the networks, in the event their system fails. Such a ‘pay as you go’ price

This paper proposes s mar)

‘on the creation of a market of risk, enabled by a reassignment of property rights, where utilities trade reli

scheme would not reflect the opportunity cest of electricity firms’ sudden idle infrastructure though.

h

that can amell these di We flesh out a solution based
ty

insurance market would allow customers to reflect their preference for reliability and pay accordingly.

1. Introduction

The fundamental structure of energy electricity firms and their re-
with have remained for a long time,
even with the introduction of reforms to liberalize markets and the
transfer from public to private ownership. However, the emergence of
new distributed energy technologies (DERs) (a combination of solar
panels, batteries and information technologies) can, in all probability,
reduce the use of and reliance on centralized generators and the grid,
the bedrock of vertically integrated and competitive markets alike.

DERs enable consumers to generate and trade their electricity, and
1o reduce and shift their electricity consumption, giving them the po-
tential to become, to a large extent, electricity independent. This shift
‘would reduce incumbent electricity firms' output, revenue and profits.
DERs consequently raise questions about the very nature of the electric
power industry: What ultimately are its products? How should it price
them? What business models should the industry be developing? (OFF,
2016).

This paper therefore examines the current organization of the
electric power industry and the concern that it could be impacted by the
rapid and substantial deployment of DERs. This scenario could sig-
nificantly increase the number ufr]a:tm:lly independent households. In
the most extreme scenario, self-suffic
disconnect from the grid altogether and avoid all external charges.

* Corresponding author.

However, since most DERs delivers energy, but not reliable capacity, it
‘would be in the interests of most of these consumers to stay connected
to the networks, in the event their system fails. Such a ‘pay as you go”
price scheme would not reflect the opportunity cost of electricity firms'
sudden idle infrastructure though. Also, a massive and fast deployment
of DERs in the domestic sector would also imply, for instance, an im-
mediate redundancy of generation and network capacity as customers
in the domestic sector would informally take over the ‘formal’ sector (a
concept developed by Cohen and Sundararajan (2015) with implica-
tions like the emergence of sharing economy firms). Such shifts would
result in redundancy of capacity -in one extreme a duplication- and by
definition, a “de-optimization” of the electricity system.

The paper propose a market snluuon to ameliorate these distortions.
‘We propose that the i can and reprice as
a reliability insurance their idle assets that result from sudden DERs
installations; instead of selling commoditized kilowatt-hours (KWh),
electricity firms would sell guaranteed services. This insurance would
offer a last resort service to energy self-sufficient households to protect
them against the prospect of a blackout. This product would reduce
both price and volume risks firms face in exchange of charging fixed
fees that guarantees them a stable revenue stream, instead of relying on
dynamic pricing in which they levy high prices during abrupt demand
surges.

Creating an insurance market could limit the potential ‘revenue
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