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& Electricity 2030 :
Long-term trends—Tasks for the coming years

Trend 1: The system is shaped by the intermittent generation of electricity from the wind and sun.

Trend 2: There is a significant decline in the use of fossil fuels in the power plant fleet.

Trend 3: The electricity markets are more European.

Trend 4: Security of supply is guaranteed within the framework of the European internal market for
electricity.

Trend 5: Electricity is used far more efficiently.

Trend 6: Sector coupling: The heating sector, cars and industry use more and more renewable
electricity instead of fossil fuels.

Trend 7: Modern CHP plants produce the residual electricity and contribute to the energy transition in
the heating sector.

Trend 8: Biomass is used increasingly for transport and industry.

Trend 9: Well developed grid infrastructures create flexibility at a low cost.

Trend 10: System stability is guaranteed even with a large share of renewables in the energy mix.

Trend 11: Grid financing is fair and meets the needs of the system.

Trend 12: The energy sector takes advantage of the opportunities offered by digitization.

BRIZRIR : https://ww.bmwi.de/Redaktion/EN/Publikationen/discussion-paper-electricity-2030.pdf?__blob=publicationFile&v=5
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Even in Indiana, new renewables are
cheaper than existing coal plants oc 26 2018

»Building renewable energy resources in Indiana is cheaper than
keeping existing coal plants open, according to new plans from one
utility in the state.

»Northern Indiana Public Service Co. (NIPSCO) presented analysis for
its 2018 Integrated Resource Plan (IRP), finding it can save customers
more than $4 billion over 30 years by moving from 65% coal today to
15% coal in 2023 and eliminating the resource by 2028.

»To replace retiring coal, NIPSCO found that a portfolio of

solar, storage, wind and demand management IS

the most cost effective, along with a small amount of
market purchases from the Midcontinent ISO.

ERIGE : https://www.utilitydive.com/news/
even-in-indiana-new-renewables-are-cheaper-than-existing-coal-plants/540242/ 12



https://www.nipsco.com/docs/default-source/about-nipsco-docs/nipsco-irp-public-advisory-meeting-october-18-2018-presentation.pdf
https://www.utilitydive.com/news/

Operating Reserve Demand Curve, ORDC

»>Renewable energy integration increases the need for flexibility in operations.
Such flexibility can be provided naturally by conventional units. Operating
reserve demand curves (ORDC) have been advocated as an economically
justified mechanism for pricing flexible capacity in order to compensate
conventional units for the loss of energy revenue (Hogan, 2005 ; Hogan,
2013) and the mechanism has been implemented recently in Texas.

»The ORDC design is based on the principle that reserve should be valued
according to its contribution in reducing the probability of involuntary load
curtailment. Scarcity in reserve implies a high probability of involuntary
curtailment and hence a high reserve value, and vice versa. On the other
hand, the cost of reserve provision is driven by the opportunity cost of
keeplng capacity in reserve, instead of allocating it for the provision of
energy.

»The ORDC is a real-time mechanism that introduces a real-time reserve
capacity price and a corresponding adder to the real-time energy price so as
to induce an optimal allocation of generation capacity between energy and

reserves. —This Is called a co-optimization mechanism

£Z5HK : (2017)Remuneration of Flexibility Using Operating Reserve Demand Curves: A Case Study of Belgium 13



Incremental value of
operating reserve =VOLL X LOLP

¢ VOLL . the Value Of Operating Reserve Demand
lost load

« LOLP : the loss of
load probability 10,000

8,000
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« VOLL=10000 MWh
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contingency reserve 2000
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Supreme Court upholds FERC Order 745,
affirming federal role in DR

»20145F58 - =Bl SHmb & B F A8 _EFFABRE FERC Order 745534 -

HHE . 28m Eaﬁ%ﬁﬁf&%%ﬂ@ TEEBEN MEEERABRFERCE
iZEE[E - FERCIRIEB rZENERZESZEMHNEERE

»2016F1R8 - ;Lla—m/ﬂmﬁé]%ttnﬁ/ﬂn#u/? XFFFERC Order 7452 &
TiSmEREES - NETER - EUDRMS A FHRFRIILER |

HEH

(1)FERC was within its authority under the Federal Power Act when it issued
Order 745, which set standards for demand response practices and

pricing in wholesale markets and brought the practice under the agency's
jurisdiction.

(2 Demand response is primarily a wholesale market function
and FERC Order 745 only addresses wholesale market transactions.

20
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Singapore Power Unvells Blockchain Market
for Renewable Energy Trading Oct. 29, 2018

»Singapore Power Group, the country's energy utilities provider, has
launched a blockchain-powered marketplace for renewable energy

certificates (RECs).

» The platform is "designed and built in-house" and enables
organizations to trade in RECs —tradable certificates that represent
energy generated from renewable sources such as solar. Blockchain
technology, it says, bring the platform "security, integrity and
traceability of each REC transaction.”

» "Through blockchain technology, we enable companies to trade in
renewable energy certificates conveniently, seamlessly and securely,
helping them achieve greener business operations and meet their
sustainability targets," said Samuel Tan, chief digital officer at

Singapore Power.
25

ERARIR : https://www.coindesk.com/Singapore-power-unveils-blockchain-market-for-renewable-energy-trading/
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100% Renewable Default Option Study
for EBCE Communities

»East Bay Community Energy, also known as EBCE, is the
new local electricity supplier in Alameda County*.

»EBCE will provide cleaner, greener energy at lower rates
to our customers.

»EBCE will reinvest earnings back into the community to
create local green energy jobs, local programs, and clean
power projects.

» EBCE member cities include Albany, Berkeley, Dublin, Emeryville,
Fremont, Hayward, Livermore, Oakland, Piedmont, San Leandro,
and Union City.

Source : https://ebce.org/
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EBCE Demand Response Program

»EBCE Demand Response Pilot program is an optional rate that offers businesses an
opportunity to receive a rebate in exchange for responding to price signals during up
to 15 Peak Pricing Event Days per year, typically occurring on the hottest days of the
summer.

»Rate protection

Customers participating in this program will benefit from rate protection. At the
end of the summer season, EBCE will calculate the discounts and surcharges for each
customer enrolled in the pilot. If the sum of all credits and surcharges is in the customer
favor, EBCE will issue a credit to the customer. If the sum of all credits and surcharges is
not in the customer favor, the customer will not receive any bill adjustments or be
required to pay any additional charges.

»Discounts & surcharges

Customer summer monthly demand charges will be reduced by the kW credit
amount in exchange for accruing the kWh surcharge during “super-peak” hours on
event days, but the balancing of these credits and charges will be done in November

with rate protection. The credits and charges shown are identical to those offered by
PG&E for 2018. 29



Discounts and Surcharges

Rate Schedule Event Surcharge Peak kW Credit Part Peak kW Credit

(% /kWh) ($/kW) ($/kW)

E19P $1.2 $5.66 $1.38
E19S $1.2 $5.82 $1.44
E19T $1.2 $4.20 $1.05
E20P $1.2 $6.22 $1.47
E20S $1.2 $5.69 $1.40
E20T $1.2 $5.95 $1.42
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Prospective Power Content Label

Electric Power East Bay Community Energy
Generation Mix* m Bright Choice| Brilliant 100
Percent of Total Retail Sales (MWh)

Renewable 33% 100% 38% 40%

» Biomass & Biowaste 4% 0% 0% 0%

» Geothermal 5% 0% 0% 0%

* Eligible Hydroelectric 3% 0% 0% 0%

« Solar Electric 13% 100% 19% 20%

* Wind 8% 0% 19% 20%
Coal 0% 0% 0% 0%
Large Hydroelectric 18% 0% 24% 60%
Natural Gas 20% 0% 0% 0%
Nuclear 27% 0% 0% 0%
Other 0% 0% 0% 0%
Unspecified Sources 2% 0% 38% 0%
of Power**

TOTAL 100% 100% 100% 100%
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V2G (Vehicle to Grid) : Department of
Defense, U.S. Air Force Base, California

»Background: The DoD used 42 electric vehicles with 15 kW
capability on a military base in California.

»|SO: CAISO Participated in frequency regulation selling power
services at a 4 second time interval.

»Focused on capacity-based services: spinning and non-spinning
reserves and frequency regulation (regulation up and regulation
down) as well as peak power shaving.

»Key results:

- CAISO would be able to support only 10-15 thousand PEVs
with no other market participants, if vehicles are hoping to make
$100 per month.

- The most CAISO regulation up and regulation down market
Income a PEV with 15 kW bidirectional V2G capability can expect
lies between $102 and $122 per month, depending on the
vehicle’s availability, state of charge. These numbers do not
consider the costs of bidding into the markets .

ERIZKE: https://www.interregeurope.eu/fileadmin/user_upload/tx_tevprojects/library/file_1541537540.pdf 33



OPERATIONAL SNAPSHOT

-

Vehicle to Grid :

Project Parker in Denmark

»Landmark commercial deployment of V2G in
Danish frequency response market —
engaging multiple fleets, vehicles & locations.

‘ BATTERY USAGE FOR V2G: 30% to 95%

USER BEHAVIOUR

Every fleet is different.

Customers have access to app
on phone to indicate what state
of charge they would need at
what point in the day.

Some users don't want to use
the app, so then a schedule is
put in for them.

Important to understand
customer schedule.

i
\

r i

ARCHITECTURE

App informs Nuvve of drivers’
preferences and charge required.
This resource is then matched to
grid and market signals to
provide service.

For V2G CHAdeMO protocol is

being used.

-
‘ ( AVAILABILITY & PERFORMANCE

Different vehicles tested and show different
performance levels. Technical barriers
included:

i) long duration freq. bias — service required
often exceeded kVWh capacity requiring
lower kW bids ii) two way energy loss - (dis-
charging at power levels lower than the
rating of the charging equipment can result in
low efficiency and high losses. Efficiency of
90%+ expected in future. iii) battery
degradation impact (see INVENT slide for
further details)

ERIZKE: https://www.interregeurope.eu/fileadmin/user_upload/tx_tevprojects/library/file_1541537540.pdf 34
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Al— Renewables+DR+EV+Cogen...
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