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Definition of Energy Storage...

.. .for this presentation

* The ability to absorb electrical energy
and use it at a later time. Bidirectional.

* A rechargeable battery or pumped
hydro storage are examples.

* A hydroelectric dam or fossil fuels also
store energy, but are “one-way".




Why Do We Need to Store Energy?

« Unbalance of electrical generation and load

« Excess generation can be time-shifted to supply
power at a later time (peak shaving).
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Why Do We Need To Store Energy?

* We don't need to store energy if...

— We can freely transport it from generators
to users, anywhere to anywhere—where
the sun is shining to where it's not, for
example.

— We can balance generation and loads
locally, regionally and internationally.



Effect of Renewable Energy Sources

 Renewables (solar, wind, tide, etc.) Are
indispensable for future energy needs,
BUT:
— Are intermittent, unbalance the grid.
— Require power plants to ramp quickly.

— Do not reduce need for electrical
infrastructure. (Can not retire power plants.)



Megawatts

2018 California "“Duck Curve™:
(Demand minus Renewables)

Figure 2: The duck curve shows steep ramping needs and overgeneration risk
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Global Electricity Forecast 2050

GLOBAL ELECTRICITY GENERATION
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Energy Storage Technologies

* Mechanical Technologies
— Pumped Hydro Storage (PHS)
— Compressed Air Energy Storage (CAES)
— Elevated weights
— Flywheels

* Chemical Technologies

— Batteries, Flow Batteries
— Salts, Phase Changing Materials



Energy Storage Technologies

Capacitors
Superconducting magnetic storage
Geothermal

Something that hasn’t been invented...

— Breakthrough in Transmission and
Distribution”?



What is the Cost of Each Technology?

* Now? Future? Life Cycle?
* Whose Estimate? What Scale?
 Ignoring what side-effects?

| won't be trying to compare costs, but all
technologies in this overview are cost-
effective, or will be, according to their
proponents.




Pumped Hydro Storage Schematic

The principle

Source: Andritz Group Austria



Pumped Hydro Storage

* 95% of storage in the world is PHS

* China, Japan, Germany, France, Israel
building large projects

« USA: Difficult permitting:10 years

About 6.2 gigawatts of pumped hydro plants were
commissioned worldwide in 2016, 9 times the 683
megawatts of lithium-ion batteries.

Source: Bloomberg New Energy Finance



Northfield Mountain 1080 MW
Massachusetts, USA
120 ha (300 acres), 240m, 8 hours at full power




Pumped Hydro Storage 2017: Total 184 GW
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Community Scale micro-PHS

5-20 MW. MWh variable with reservoir
size

Building at “Community Scale” eases
permitting issues, transmission distance

Need elevation, water and small
footprint for reservoirs

Good candidates: mountainous islands,
skl areas



Example: Ski Area

300M, 1 hectare reservoirs => 7MW, 4 hours. Reservoir
under parking lot. Snowmaking=7MW, 3 Months

Source: Nature and People First



Compressed Air Energy Storage
(CAES)

Compressed air stored in underground
caverns, often man-made

Used in US and Germany for providing
compressed air input for gas turbines
One 3 MW grid-to-grid demo project in
US has been dismantled. Design issues

Adiabatic system. Key issue is capturing
and reusing heat of compression.



Electricity->Motor->Hydraulic Motor->
Piston-> Compressor, 2 stage->Air Cavern
->Expander 2 stage->Piston->Hydraulic
Motor-> Electric Motor->Electricity

P> EEsson




Compressor/Expander First Stage




Lithium lon Batteries

Easy to conceptualize, order, install

Vision: one in every car, grid-connected
— 60-85 KWh in a Model S Tesla

Limited life. Life cycle cost.
Hazmat disposal issues
Raw materials increasing in price

Resource reliability
— DRC produces 63 % of cobalt...



Tesla Proposed 1GW, 1.29 hrs
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Other Technologies

Flywheels
Raised weights: train, weights
Capacitors (now used in race cars)

Geothermal (now used for building
heating and cooling)

Superconducting Magnetic Storage



Flywheel Energy Storage
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Source: Science Direct



720 Flywheel site: 6 MW, 4 hours

Amber Kinetics: Each 8KW unit weighs 5 tons
Demo project:128KW for 4 hours




“Train”: 2 MW, 200Tonnes
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Stacking 35 Ton Concrete Blocks
20 MWh Capacity As Shown

120 m height

Source: Energy Vault, Switzerland



Superconducting Magnet

Liquid Helium/ Vacuum-insulated vessel
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Superconducting coils
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Other Technologies

Other batteries: NiCad, NaS, NiMh

Flow Batteries: Pumped electrolytes,
membrane. Various chemistries.

Phase change: Storing heat by water to
ice, or air to liquid air for example
Hydrogen electrolysis, Methane

— Storage tank->H,Gas-> fuel cell->grid

— Grid->electrolizer->storage tank



Flow Battery

"éeu stack
Pump‘ lon selective membrane ’Pump

Structure of a vanadium redox flow battery

Source: Science Direct



Overview of Energy Storage
Technologies

Early Stage
R Technologies
Advanced
— Pb-acid and | Adiabatic CAES
Flow Batteries
Superconducting
— Magnetic Energy — Hydrogen
Storage (SMES)
|_|Electrochemical o Synthetic
Capacitors Natural Gas

Source: USDOE Grid Energy Storage



Breakthrough Technology?

* No one technology can do everything.

* Most likely scenario is a combination of
different technologies.



Discharge Time at Rated Power
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Source: USDOE “Grid Energy Storage”




Summary: Benefits of Storage

Time shifting, Peak shaving

Enabling renewables

Peaker elimination/environmental

Plant and transmission buildout deferral
Spinning reserves/ Black Start

Voltage, frequency stabilization
Reserve power/blackout

Security: UPS for critical functions



A Problem with Development of Storage
in the USA: Where is the ROI?

+ Arbitrage: Buy low and sell high

« Time shifting/dispatchable energy

* Enabling renewables

« Peaker elimination/environmental

* Plant and transmission buildout deferral
* Reserve power/blackout

« Spinning reserves/black start

« Etc, Etc from previous slide



It's Nobody’s Problem (in US)

US Grid is resilient. 9 GW eclipse
Small utilities are islands.

Ratepayers start worrying when the
lights go out.

USDOE understands, but governments
move slowly.

We're trying, and many others are also.



Thank You

 There is a vast amount of additional
iInformation on the web...

* robert.b.tanner@verizon.net



