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Possible take-home messages up front

Storage — in its many possible forms — has a key role to play
In facilitating DSP

— Battery Energy Storage Systems (BESS) both possible collaborator
and competitor with key DSP options

— A useful set of options that will be more valuable if and as we transition
towards higher renewable energy penetrations

‘Cost Reflective Tariff' reform to date seems to involve steep

declining block tariffs, increasing fixed charges, ‘non-peak

demand’ or ‘minimum default’ demand charges.

All limit consumer options to use DSP + storage to reduce
bills while also reducing longer-term network expenditure.

Is this desirable in an electricity industry that critically requires
clean energy transformation, hence greater DSP + storage?



Energy storage

= “The general method and specific techniques for storing energy derived
from some primary source in a form convenient for use at a later time
when a specific energy demand is to be met” (wikipedia)

= Essential yet complex in the ‘just in time’ electricity industry

= Potential storage across all steps of the conversion chain
with very different characteristics of scale; energy, power, operating
characteristics, location...

— Primary energy resources; coal, gas, hydro.... wind, PV?
— Primary energy conversion; thermal plant, rotating plant

— Network via bi-directional electricity storage using other energy
forms; eg. pumped hydro, Battery Energy Storage Systems (BES)

— Energy service final energy storage; eg. hot water, refrigeration
— Energy service; chosen timing of energy service delivery



Nothing so new about
distributed storage

Cost oF 10,000 LicHT, oR 600-KiLowATT, PLANT.

"A.T.—ALTERNATING TRANSFORMER
DISTRIBUTION.
Generating Station, Buildings, £
Chimney Shaft, Water Tanks,

and General Fittings ... ... 11,000
Dynamos and Exciters — 865
Kilowatts, ‘including spare
sets, divided as convenient ... 5,640
Motive Power, i.e., Engines,
Boilers, Steam and Feed Con-
nections, Belts, &c at £8 12s,
per LH.P. ce e 12,470
500 Transformers, i.e., one to B
every pair of hbnses, at £15
each . ... 7,500
2,000 yards Prlmary or Cha.rg-
ing Main, exterior to area of
supply, at £308 per 100 yards 6,160
20,000 yards Distributing Main,
50 m/m. sectional area, at
£91 7s. (see Table 1) ... ... 14,270
Regulating Gear ... ... .. 500
£57,440

B.T.—AccuMUuLATOR TRANSFORMER
DISTRIBUTION,
Generating Station, Buildings, - £
Chimney Stack, Water Tanks,

and General Fittings 8,000
Dynamos — 600 Kilowatts, in
6 sets of 100 Kilowatts each... 4,800
Motive Power, i.e., Engines,
Boilers, Steam and Feed Con-
nections, &e., at £8 12s. per
LEP. .. .. ve ... 8,600
4 Gronpa of Accumulators in
all 240 cells, in series, at £40
per cell, including Stands ... 9,600
2,000 yards Charging Main, at
£306 17s. 6d. per 100 yards
(see Table 2) .. .- 6,137
20,000 yards Dtstnbutmg Ma.m,
161-25 m/m. sectional area, at
£100 12s. 6d. (see Table 2) ... 20,125
Regulating Gear ... ... .. 2,600
£59,762
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The One Hundred and Seventy-seventh Ordinary General
Meeting of the Society was held at the Institution of
Civil Engineers, 25, Great George Street, Westminster, on
Thursday, April 12th, 1888-——Mr. EDWARD GRAVES, President,
in the Chair.

The minutes of the previous meeting were read and approved.

The names of new candidates were a.nnounce.d and ordered
to be suspended.

Donations to the Library were announced as having been
received since the last meeting from Messrs. J. B. Bailliére et
Fils ; Messrs. De L.a Rue & Co.; C. H. W. Biggs,-Member; and
R. H. Krause, Member; to whom the thanks of the meeting
were heartily accorded.

The following paper was then read :—

CENTRAL STATION LIGHTING :
TRANSFORMERS V. ACCUMULATORS.
By R. E. CROMPTON, Member.

The present paper is the outcome of the discussion which took
place on Messrs. Kapp’s and Mackenzie’s papers on. transformers,
recently read before this Society. I was asked to give facts and
figures in support of the-statement-I then made, that I believed
the distribution of electricity by transformers offered no special
advantages over other methods, particularly over -distribution by
means of accumulators used as transformers.

VOL. XVIL 25
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Demand-side participation

“DSP provides a tool for consumers to actively
participate in the market, by offering a suite of
options for them to manage their electricity
consumption and, in turn, their electricity
expenditure. It includes actions such as energy
efficiency, peak demand shifting, changing
consumption patterns, and consumers
generating their own electricity.” (AEMC)

In practice, a complex concept in the
electricity industry

— from paying your bills to being paid for
service provision
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Energy users — a changing industry context

= From clients
— Early tailored industrial or commercial (lighting) applications

= _.to citizens
— Electricity as an essential public good — rural electrification

= _.fo consumers
— The vertically integrated utility of growing size and scope

= ..to customers
— Electricity industy ‘reform’, liberalisation, deregulation, restructuring

= _.to perhaps now partners, competitors?

DSP and storage in the NEM 7




...all the way to Prosumers

= “Prosumer a portimanteau formed by contracting either the
word professional or, less often, producer with the word
consumer.”

— prosumer (professional—-consumer) as
market segment?,

— prosumer (producer—consumer) as
having greater independence from
mainstream economy.

— Differentiates traditional passive
consumer from consumers taking
more active role in service provision

(www.wikipedia.org)


http://en.wikipedia.org/wiki/Portmanteau
http://en.wikipedia.org/wiki/Consumer
http://en.wikipedia.org/wiki/Market_segment
http://en.wikipedia.org/wiki/Mainstream
http://en.wikipedia.org/wiki/Economy
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- Nothing new about DSP

2,200

2,150
2,100
2,050
2,000
1,850
1,800

SA domestic|controlled

1,850 hot water systems

1,500
% 1,750

1,700
1,550
1,500
1,550
1,500
1,450
1,400
1,350

10-Feb 10-Feb 10-Feb 10-Feb 11-Feb
(LX) 000 12:00 18:00 LN

[v — SADispatch Estimated Demand v == Current Time

DI Ellt MemSight & 2000-15 Creative Analytics Gréﬁ-?at]};% CS_




Energy storage and DSP

= Storage of some form required for
meaningful DSP

— Needn't be battery storage of course; the
most flexible — a universal electricity
resource - yet most expensive

= ..a point not well recognised in earlier
DSP work by AEMC and others which

doesn’t, or barely, mentions storage

= A facilitating environment for DSP
more generally, will benefit new
storage options while storage expands
DSP opportunity
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Why DSP and storage?

Efficient markets are characterised by effective participation of both the supply and
demand side. The supply side of the market provides a product or service at a price,
and the demand side (ie consumers) responds to the price/value of the product or

service being offered. (AEMC, Power of Choice, 2012)

While there is some evidence of uptake of DSP in the NEM over recent years, the
efficiency of the electricity market can be improved by more active participation by the
demand side. This will require changes to some aspects of how the supply side of the
electricity market operates and interacts with consumers.

= Storage and DSP have a range of possible value
propositions across scale, time and location

— Note that additional storage and DSP not currently ‘necessary’,
industry functioning ‘ok’ without it

= Commercial context supports only some of these value
propositions, in an incomplete manner, at present

= Yet key enabling role in ‘clean energy’ industry transition



DSP and storage have a range of
possible value propositions

Improved customer reliability
Reduced network peak demand, hence expenditure
Reduced generation capacity requirements

Facilitating integration of generation technologies with
energy storage challenges — PV, but also ‘baseload’ plant

Ancillary service provision
‘leaving the grid’ options
While not currently ‘necessary’ value will increase with

clean energy transition, paticularly in terms of renewable
energy integration



Commercial context supports only some
of these value propositions at present

= |mproved customer reliability — UPS market well established

= Customer arbitrage around their TOU tariffs and peak
demand charges... if they face these

= |ncreased self-consumption of PV generation paid a low
‘export’ rate, the current context for new household PV

However, all are incomplete commercial contexts, and what of
= Network value?
= Ancillary services?

= Contingency management?
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Current retail market E o
isn’t actually a market luasnes™ @

=) EnergyAustralia - NSW home - Mozilla Firefox
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Tariffs rather than prices

Little focus on energy services

— “... an important reason there is ey > | CLICK HERE
effective competition in Victoria is .. v
ARE YOU MOVING? i {| QUICKLINKS i OURENERGY NETWORK

beca Use th e prOVi Sion Of energy iS ........ I If you're moving Newsroom We operate the
. = products, delivered at I S/ home, you can easily Careers
V|ewed as a homogenous , IOW “ iessihEn tisecuaEn M‘ BEEROS o connecion

engagement SerVice“ (AEMC’ 2008) mccentur(ﬁébaloaze'? ge consumer switching rate @
Current measures of competition —

Netherlands. A7 Sweden

| bl
! ® NATURE-FRIENDLY
‘; ! POWER.
i b ‘. Click here for details

electrical distribution
network for Sydney,

m i g ht m i SS key i SS u eS Belgium ", Finlcand

— Yes, NEM high switching rates — but e
real customer choice or just churn?

— Yes, NEM price spreads — but reflect i '
competition, stickiness, or govt policy?
“The thing about the energy retail
market is it's effectively an

oligopoly..” Jim Myatt, founder of
. . B High switching markets - consumer switching rates of ercent or higher
AUSffa//an POW@f and Gas 0/7 /fs Sa/e l‘o | Mf.dium switcghing markets - consumerswitcghing ratesl;Zto 15 percjnt

Spain

W Low switching markets - consumer switching rates of 1 to 5 percent

§ . N - '
DSP X nd S {OI dg‘;‘ |n the i‘\l E I\,’. Dormant markets - noncompetitive markets or competitive markets with negligible consumer switching

» Source: World Energy Retail Market Rankings 2012, VaasaETT, www.vaasae tt.com.



c——
"
e
L

Centre for Energy and
Environmental Markets

.....
SYDNEY « AUSTRALIA

/ now offering some real competition

Cumulative Installed Solar Capacity
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(IEA PVPS, Trends 2015)
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Storage for RE integration — technical context..
Technical context - shared contributions to shared outcomes

|
— eg. Voltage management depends on all distribution technologies and

behaviours — distributed generation but also loads, network operation
— A balancing act b/n low voltage driven between peak demand, and high
voltage from periods of low demand, or high PV generation
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Whose problem is storage trying to solve?

Ducted Air-con
Split System
No Air-con

(Hua Fan, forthcoming, 2016)

(kWh)
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0.0

0 5000 10000 15000
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= |s PV effectively being penalised (inverter trips) by high
transformer tap settings used to manage air-conditioning?

Why not mandate low V cutoff or even storage for A/C units?
DSP and storage in the NEM
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Regardless, range of management strategies

PV management strategies (top half)

Technical study .
Transformer tap change .
Three phase connection .

System size limit .

Extra protection

Capacity limit .
Equipment reinforce ment .
Inverter set-points

Power factor range

Sustained inverter operation
lim its

FW output forecasting

Export or consume reactive .
power (DRM3,7)
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) REF RN g

0.25 0.50
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I #lanned W Possible Mot planned

0.75

1.00

Category Description

Activities that can be undertaken

System operation
@ system ope by the DNSP
Requirements on how PV systems
PV operation interact with the network
Relating to the proposed AS4777
. Demand response demand response functions or a
price signal
] Forecasting of PV system output
Forecasting
Energy storage by either the DNSP
. Storage < ge by
or the customer
Requirements pertaining to initial
Deployment i
. . connection of the PV system
regulations
) Applicable to mini-grid situations
. Generation

only

(Noone, APVI/CEEM report, 2014)




Possible economic implications

= PV doesn’t ‘cause’ most of these adverse impacts — an
outcome of characteristics of all resources connected to
network including demand as well as PV

= Managing impacts not a question of technical feasibility but
of economics, broader considerations

— What are our most economically appropriate responses?
Some low cost options that can do most of what much higher cost
options (such as storage) might do

— Who should pay?
Within broader constraints set by electricity industry’s key role
providing an essential public good
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‘The real challenge at present —
follow the money, particularly falling revenues..

Normal cash flow for electricity

E Cash flow due to addition of PV
consumption

Wholesale Wholesale Assignment of
market costs market savings PV exports
- Electricity
Electricity ———
lectricity bill etwork bill Electricity bill network
savings bill savings
: FiT = Net-wt™™
Green : .
FiT = Net-High-FiT Savings in green

obligations ' obligations

&

(Oliva et al, 2015)

HPVc: Household PV customers G: Generators
R: Electricity retailers Gov: NSW government
DNSP: Distribution network service providers All eC: All electricity customers




Potentially highly adverse revenue impacts

(Oliva et al, 2016)

on retallers, DNSPs  § =
2 -0
= Net metering with low export = 60/
rate favors household S|
self consumption with volume 3 =
based flat, TOU tariffs g ..
= 120
= Possible major revenue impacts 2 a0l
for key industry stakeholders £
»n -160:
Z
(Ausgrid/IPART, 2012) NM - IBT
PV unit size Median annual net Median daily net Median annual export
exports (kWh) exports (kWh) ratio
1.0 kW 393 1.1 32%
1.5 kW 616 1.7 35%
2.0 kw 1,007 2.8 41%
3.0 kw 1,703 4.7 49%
4.0 kW 2,378 6.5 52%

5.5 W 2,921 8.0

50%

NM -TOU
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For PV and DSP / Battery storage

with low-export rate on net-FIT, household incentives to max.
self consumption via load shifting or storage worsen adverse
retailer and NSP revenue impacts (despite reducing adverse
network impacts of PV, and evening peak demand)

(Oliva and MacGill, 2015) Flat tariffs case
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Possible industry responses

= For DNSPs under monopoly economic regulation, revenue cap
based on approved expenditure can correct revenue shortfalls
over time by changing tariff levels and/or structures

= The risks

— No unprofitable customers for DNSPS if can get approval for expenditure
required to serve them; how do we incentive them to facilitate PV
households to deploy DSP and storage in order to reduce peak demand
hence required network capacity and longer-term expenditure?

— Network tariffs have wide range of cross-subsidies already — between
households with and without Air-C, city versus regional and rural, as well
as those with PV versus those without. If solar cross-subsidies are to be
targeted, what about the rest of these?
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Currently

= seems to be greater efforts to address solar PV cross subsidies than likely
much larger subsidies for ducted air-conditioning, and particularly rural
and regional customers...
... and this despite environmental benefits of PV, adverse network
expenditure aspects of serving rural supply and high peak Air-C demand

Figure 5.1: The cost of supplying electricity varies greatly across
3 = : . Horizon Power's networks
_gg_pgg&nnglgghgg_gqi_lghl_}\ A-‘_solar tax’ Cost structure to supply electricity to average household and yearly
electricity bill, Horizon Power non-interconnected systems, $2015
7000 -

By Jogathan Giffard on 7 December 2015
(Grattan Institute, 2015)
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Possible risk with renewables + energy storage

= A potentially influential confluence between those who support
energy storage for wide ranging roles it can play in better
Integrating renewable energy into electricity industry while saving
users and networks $

= ...and those perhaps happy to see renewables saddled with costly
energy storage obligations, or arguing for ‘light handed’” network
regulation on basis that competition will discipline DNSP behaviour

Bootleggers and Baptists

Fram Wikipadia, the free encyclopedia

Beotlepmers and Baptists is o catch-phrose invented by repulatory economist Bruce Yandlel'! for the abssreation that repulations are
supported by bodh groups that want the ostensible purpose of the regulation and groups that profit from undermining that purpose |1

For miech of the 20th cenfury, Baptists and other evangelical Christians were prominent in political activismn for Sunday clesing Llaws
resiricting Lthe sale ol alecohol. Bootleggers sold alcobaol lkegally, amd pot more busmess il legal sales were restricted, ] “Such a coalition
miakes it easier for politicians to favor bath growps. ... [T]he Baptists bower the costs of favor-secking for the bootleggers, because
politiceans can pose as besng motivided purely by the public mlerest even winle they promote the interests of well-funded businesses, .

[ Baptisis] take the morsl high grounsd, while the bestlegrers persunde the peliticians quiztly, behind closesd doars, ™13

rbi LI ..__?E_'j'._'
Contents Califormian police agents dump illegal akohol

n 1925, Prohshition-era phodoe courtesy Orange
8 | Econom ||'I|.'||I'}' Coimly Archavies,
8} Gilhal warming



Nothing new about

the ‘death spiral’?

Argued that rising prices
encourage end-users to reduce
consumption or even leave,
meaning fixed costs have to be
recovered from less and less
consumption and/or customers
However; savings from demand
reduction depend critically on
energy/network tariffs..and
End-user departure depends
critically on DG technology
progress, particularly storage

Perhaps more of an issue for
electricity than gas?

(via google news archive)

.

Thursday, August 4, 1983 — THE NEWS — Page . 7Ai

o pemias]
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Utilities grapple new enemy :;

X

'

a rate increase ‘death spiral’

By Jack Danforth
Orlando Sentinel

TACOMA, Wash. — There is a new buzz word
surfacing in Pacific Northwest electric utilities these
days. It is the “death spiral.” The concept is simple, and
consumers of electric power from Florida to Alaska
have recognized it for years.

A death spiral occurs during periods of rising electric
rates. The theory is that as electricity demand
increases, electric utilities are forced to build expensive
new power plants,

This causes electric rates to rise and consumers {o use
less power. Electric utilities have large fixed costs, so as
demand — thus revenue — is reduced, rates must be
increased again, causing further reductions in
consumption, and the cycle is repeated: a death spiral.

The recent collapse of the Washington Public Power
Supply System, also known as Whoops, has focused
attention on the death spiral. In this region, electric
rates for some utilities have tripled during the past three
years.

The increases and the Whoops collapse have forced
utilities, for the first time in the industry’s history, to
come to grips with the possibility that they have reached
the limits of their customers’ pocketbooks.

It long has been known that there is a finite amount of
money available in the family budget for the electric
bill. Consumers have different limits, but when taken as
a whole there clearly is an economic wall that electric
utilities cannot go past.

For the past 30 years, energy prices have been so low

) and relative lncome_s 80 high nm_ the “wall” was _hr

alternative sources: gas-fired fuel cells, photovoltaic
cells and a more efficient end-use of conventional
resources, all of which are distinct possibilities within
the next decade.

The old days of building more power plants regardless
of the cost are gone. Utilities that continue that
philosophy ultimately will be priced out of the market,

Conservation still is a vital cog in our energy policy of
the 1980s. It is a dangerous oversimplification to say that
conservation at a time of surplus energy only further
reduces utility revenues, thus causing higher rates.

Programs as simple as the rebate program in
Kissimmee, Fla., are one of the most cost-effective
methods of stimulating energy efficiency in the country.

The rebate program concept originated there in 1981
and now Is being used successfully by such major
utilities as Pacific Gas & Electric in California. In these
programs, utilities help customers pay the cost of
conservation improvements, which is cheaper than
building another expensive plant.

But consumers must understand that it is not a
contradiction to promote more use of electricity, more
industry and conservation at the same time. In many
areas, thousands of kilowatts of electricity are available
during off-peak times without building another plant.
That results in a lower average cost of energy
production.

There are times, of course, in a growing economy,
when a new generating plant must be built, But that
should not be done until the u.ility has explored all the
cheaper alternatives — con.cervation and helping

indnetrice _cenarate thair nwn nawer fram waeted



Leaving the grid — the ultimate DSP

= The grid is a very valuable asset — not because we've
spent a lot of money on it (sunk investment), but because
of the very valuable service it provides.

= With regard to possible grid defection, storage
deployment etc, all market forecasts are wrong...
although some may be useful

= Do not under-estimate the costs and challenges of off-
grid supply — average demand and PV generation is
Irrelevant to understanding reliability of supply

= However, distributed storage, DSP and generation
providing an increasingly attractive option and alternative
— may provide a useful discipline network pricing
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Facilitating DSP and hence storage —
|n prlnC|p|e (AEMC, Power of Choice, 2012)

The recommendations form a package of integrated reforms and act to facilitate
efficient DSP in two ways:

. Enabling consumers to see and access the value of taking up demand side
options; and

. Enabling the market to support consumer choice through better incentives to
capture the value of DSP options and through decreasing transaction costs and
information barriers.

The Power of choice review has identified opportunities for consumers to make more
informed choices about the way they use electricity. Consumers require tools -
information, education, and technology, and flexible pricing options - to make efficient
consumption decisions. Recommendations presented in this report will support these
conditions and enable consumers to have more control of their electricity expenditure.
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Facilitating DSP + storage In practice?

‘Cost Refl eCtive Ta riﬁ, refo rm to d ate Fixed charges for households will jump more than 20 per cent to $1.07 a day, meaning that with

GST, households will pay a minimum $428 a year on fixed charges, no matter how little electricity

seems to involve steep declining block ™ “=™

The consumption rate has been cut to 22c¢/kWh but this means nothing for househclds that consume

ta riffS , i n CreaSi n g fi Xed Ch a rg eS g . n O n = around 7kWh a day — pensioners and single person households for instance, and others who pay

attention to energy efficiency.

pea k d e m a n d , d e ma n d Ch a rg eS Their annual bill will now be more than $1,050 — which equates to a rate of 42c/kWh, probably the

highest in the world. And their ability to offset that with solar is greatly reduced because so much of

AII Ilmlt Consumer Optlons to use DSP + the cost is unavoidable.

But small businesses — butchers, restaurants, takeaway food installations, or anyone using

Sto rag e to red u Ce bl I |S Wh I I e aISO red u C— refrigeration and cooking — face an even greater praportion of fixed charges under the new scheme.
ing longer-term network expenditure oamans crrg -

$37.730 per kilowatt per month of chargeable demand.

Home About RenewEconomy ContactUs Advertise Donate/Subscribe
Energy Charge —

Solar  Autodesk Cleantech Series  Battery Storage  Renewables  Cimate  Community Power  Graph of the Day  Insight

All Consumption 10.529 c/kWh

plus a Service Fee per metering point
per day of 5072121¢

= The only place it does better than
on the grid, is off the grid.

According to the new tariff 44 (above) — which will now be compulsory for businesses consuming

Queensland ushes through massive a1 more than 100MWh a year (275kWh a day) — the fixed charge will be $50 a day, or $8,000 a year
rises in fixed electricity charges including GST.
8 les Parknson on 13 3une 2019 The consumption rate is slashed to just 10.6c/kWh, or around $27 a day, which means that if a

A victory for McMansions? Fixed charges to households surge, while small business may | (=) Print
pay two-thirds of their bill on fixed charges, as government owned utilities move

business uses just over 100MWh a year, its bill will be two-thirds unavoidable fixed charge, and

against solar and energy efficiency. one-third on con sumption.

The Queensland government managed to get some sympathetic coverage on the ABC and in the

local mainstream media — and even some specialist websites who should know better — about the But it gets worse. If, on just one day a month, the business’s consumption goes over 30kW on

supposed “fall” in electricity bills in the upcoming year. . . . . . . . w o .
average in any one 30 minute period, the business will be hit with a "demand charge”. If it uses

But what they did nof mention — presumably because it wasn't in the Queensland Competition 40kW in that time period, for instance, it will pay another $400 for that month, even if that day’s

Authority press release — was a huge jump in fixed charges that will penalise households and small .

business, and reduce the incentive to install rooftop solar. consumption was a one-off.

And to top it off, all consumers will face as-yet unspecified “metering charges”.

As we reported last year, fixed charges for the biggest consumers have jumped even more




Possible take-home messages up front

Storage — in its many possible forms — has a key role to play
In facilitating DSP

— Battery Energy Storage Systems (BESS) both possible collaborator
and competitor with key DSP options

— A useful set of options that will be more valuable if and as we transition
towards higher renewable energy penetrations

‘Cost Reflective Tariff' reform to date seems to involve steep

declining block tariffs, increasing fixed charges, ‘non-peak

demand’ or ‘minimum default’ demand charges.

All limit consumer options to use DSP + storage to reduce
bills while also reducing longer-term network expenditure.

Is this desirable in an electricity industry that critically requires
clean energy transformation, hence greater DSP + storage?
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- Where next?

"The best way to predict your
future Is to create Iit!" |

Abraham Lincoln

“That depends...”

— certainly opportunities to improve outcomes from
what look to be current directions
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Thank you... and guestions

Many of our publications are available at:
WWW.ceem.unsw.edu.au



http://www.ceem.unsw.edu.au/

