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* T&D links Generation and Consumer in SPACE
— T&D provide energy WHERE it is needed

» Storage links Generation and Consumer in TIME
— Storage provides energy WHEN it is needed

T&D (Transmission & Distribution)
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o ¥54% 5y 1 4 5 (fly wheel), & S # 75 e (compressed air energy
storage),3% % -k 4 % 7 (pumped hydro)
o L REEEEGER (BEKk T A ice storage A/C, = B i B T)
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magnetic energy storage)
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Mingtan Pumped Storage Hydro =
Power Plant dam in Nantou, Taiwan
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Duration at Electric-to-electric
rated power round-trip efficiency (n)
A

Chemical: hydrogen, ammonia, etc

>85%

100 hour 10 to 100 h 50%< 1 <85%
fih .
T Flow - %

batteries

— Mechanical systems

15
&1 10 hour (e, air, rock

Thermal
(Including hot and

1 hour cold stores)

Li-ion

> Power output
1 kW 1 MW 1 GW
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Comparison of various energy storage technologies

1kwh  10kwh 100kWh 1MWh 10MWh 100MWh 1GWh 10GWh 100GWh 1Twh  10TWh 100TwWh

)—‘—' E
BERERE  Storee Capadty
Source: School of Engineering, RMIT University (2015)

Figure 3. Available storage technologies, their capacity and discharge time. \
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Energy Storage Systems

Characteristic/
Energy Storage Type
Ultracapacitor
Lead-acid battery

Li-ion battery s %k
NiMH battery

NaS battery

ZnBr flow battery s sk
Flywheel

Pumped hydro

CAES

Specific Power
{Wikg)
2,000-14.000

100-200
300-1,500
220-1,000
150-230
300-600
1.000-5,000
N/A

N/A

Specific Energy ~ Cycle Life

{Wh/kg) (cycles)
1.5—15 10°-10¢
2040 200-2500
100-300 2000-5000
60-120 500-2000

1 50-240 20004500
30-60 20003000
10-50 10°-107
0.3-30 =20 years
10-50 =20 years

self-Discharge at
25 7C (%) per Month

Very low
Medium

Low

High

Very low
Very low
Wery high
Very low
High

Efficiency (%)

=90
T0-580

8090
5080
7590
T0-80
80-90
65-80
3070

\J
/

1 o &

f
i

Grid Energy Storage Systems: Basics & Characteristics |2 =aiile-| Vs
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@ 7 BEAC & Si(Battery Energy Storage System)

How Energy Storage Works

Energy Source(s) Energy Management System

Battery Energy Storage System

HVACS (Heating, Ventiation, Air Conditioning System)

Power Energy Control System / \

Grid Controls charging and
discharging of batteries

6 foot
|<—8 5 ft-.| man-

Battery Battery Power Conversion Lithium-lon
Modules Monitoring System (PCS) . B '
ina: atteries
SYStem (BMS) Bi-dir;rc‘:it;‘:;:‘aueder (less commonly, they

SCADA Interface
Harmonic Filters

can be lead-acid)

DC Disconnect Switch
Allows system to be disconnected

. e -
lly inadequate remotely or manually when needed

Innolia Energy/\ S48 nousher a== INNSLIA ENERGY

B INTEGRATED SOLAR, LITHIUM-BATTERY & EV COMPANY
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Solar-panels on the roof

Installation Diagram

Color LCD remote
monitor/controller

Monitoring system
(connect to the internet)

Hybrid inverter
(To be installed in garage
or basement)

Storage battery unit
(To be installed in garage
or basement)

Ea \m{n%

R : x
Ea-ggicrﬁg?:: / Distribution board(1)

it
Sensor uni Distribution board(2)
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Bulk Generation

BEac kSR 2 Rt ET
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Energy storage system integrated into a smart grid @ B - N "
with intermittent renewable energy sources "
\ B A o liﬁd .
Commercial

Efficient
Building Systems

Smart
Devices

]
(o) / Control Stationary

Lithium-ion and beyond: safer alternatives T% e
Authors: Ulderico Ulissi, February 2018, ResearchGate Grid 4 E :
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Renewable electricity capacity growth by technology

SO08
ey

PV+ Wmd%SO%

7800 .
L
= NG
)
00
Kot
s 600 ol
» ] e
-:.:I‘ -
™, -
&
2 .
‘3 10
b .
0 -
1594.2 a05-2010 117-2022
® wWind @ SolarPv @ Hydropower Others @ Additional - accelerated case

~ Percentage from wind and solar PV

FIGURE 1. The capacity of Renewables entering in new era [4].

Comparative Review of Energy Storage Systems, Their Roles and Impacts on Future Power Systems, IEEE Access, 2019
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Block diagram of a wind turbine with a battery integrated at the turbine level

Wind output
power Output

power
T

| PM or AC/DC [ ] DC/AC

induction converter converter

generator Utilit
ility

transformer  Utility grid

Energy storage
output power DC/DC Energy

A\A converter storage gha

Grid Energy Storage Systems: Basics & Characteristics Electrical A2Z
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lllustration of a PV system integrated with energy storage

PV output
power Output
power
S

4l

Unidirectional

PV panel ‘

DC-DC converter Factlity Utility grid
load
Energy storage
output power DC/DC Energy .
converter storage

Grid Energy Storage Systems: Basics & Characteristics Electrical A2Z



Hydrogen could revolutionize the way we produce, store and use energy

1,‘3 » DISTRIBUTION

= N :}7 ° . PRODUCTION
é B b / m [ } B b VIA STEAM METHANE

REFORMING WITH CARBON A RS
CAPTURE AND STORAGE LE A R N AL A
- SEN AL L ._.'

FUEL CELLS FOR TRANSPORT

ENERGY TRANSITION

Measurement needs within the hydrogen industry

9/

FUEL CELLS FOR ELECTRICITY

STORAGE

WORLD
ECONOMIC
FORUM

N—

Image: National Physical Laboratory



Cumulative installed capacity, NCS-CEHP versus ETS

Schroders

e A REH
40,000
35.000
30,000
25,000
20,000
15.000

10,000

5,000

0
2015 2020 * * 2025 2020 2035 2040 2045 2050

mCoal =mGas mPeaker gas mHydrogen =Oil =Nuclear mHydro =mGeothermal m=mBiomass =« Onshore wind
Offshore wind Utility-scale PV mSmall-scale PV = Utility-scale batteries Solar thermal =Other

Source: Bloomberg NEF. Note: ETS is Economic Transition Scenario, NCS-CEHP is NEO Climate Scenario: Clean Electricity and Green Hydrogen.
529316

Why renewable energy could gain from the green hydrogen trend, Schroders 4gi75 L
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1GW Hydrogen allows storing energy in chemical
form that can be used, for example, in hydrogen
100 MW internal combustion engines, which use
10 MW combustion to generate power. Or in fuel cells
to generate power using a chemical reaction
I MW WL with only water and heat as byproducts. In both
100 kW cases, it can be used in cars and houses, for
18D portable power, and for many more applications.
10 kW 1\TTERY Furthermore, when all the elements of the cycle

END-USER  of renewable hydrogen are working together it
will become a closed loop cycle and the system
can be CO2 neutral.

1 kW

Note:
PHS (pumped hydro energy storage);

CAES (compressed air energy storage);
NG Nl Nl Nl NG N NS N NG, R NG it NG NG NG, NGNS NG ONGHEONGST NTNGHEONGST N

Discharge duration T-HYDROVILLE

MICRO-
SECOND
SECOND

WEEK
SEASON



. AS N2 g & A 2 STOREIT
i AL R+ & R HYDROGEN TANK

HYDROGEN STORAGE METAL

f‘ 3 USE IT

1 MAKE IT \J FUELL CELLS

ELECTROLYZE WATER % GENERATE ELECTRICITY
PHOTOCATALYST u BURN
(UNDER RESEARCH) &

RENEWABLE
ENERGY

FUELCELL HYDROGEN

CAR ENGINE

Cycle of renewabledyrogen T-HYDROVILLE




Renewable
energy

Gene}m units

Blomass /‘g
ST 'ngb Hydrogen Grid ‘ m.
& S ) u Chesmical plants
Waste water -)

FOVSFC buses
lkban'twdcnﬂal ]
Automative fuel

Legend:

* Electricity ey
* Hydrogen o)
» Fossilfuels )
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Options for hydrogen transport and storage

Powerwall Battery Mega-battery Pumped hydro Storage in
storage empty natural
e »> gas field
o i b [ = g o
10 kWh 100 kWh 130 MWh 250 GWh
H2 gas canister H2 tube trailer Liquid H2 storage H2 in salt
(Cape Canaveral) cavern
| “
== JJ.LIi'“Im o Qe
30 kWh 30 MWh 10 GWh 240 GWh 46,000 GWh

https://www.theworldofhydrogen.com/gasunie/infrastructure/

crossing berders in energy



& sy J4#(Hydrogen Chain)
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/ \o Fuel Cell Rectifier and Battery
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ZE = --Production of Hydrogen:

* 2015 Global Production of Hydrogen:

* 48%: Reforming Natural Gag;R RFLEAE)

¢ 30%: Industrial Chemical Production( 1 gl4e)

* 18%: Coal GasiﬁcatiOI(J‘# fl’i g “)

* 4%: Water Electrolysis (renewable Power to Gas) 48%

* 0%: Water Splitting, ... (without electrical power) | natural gas

> M ABERER(XIEAE - B AE)EBFKES(Power to Gas by
Water Electrolysis) %3 7R RiZFBEIR B R(GRISEREE NER)

C X/ . e = =T =5 == , 4 7 X%
9é£¥dt€{g$ﬁpl£t;;f_;ﬁ%§ %ﬁgﬁg UI?ZEU;?F%EEEE%F?J X Share of various sources in
rk = 0 12 HRAIXEFEVIN - s WT 5% HY AU HIS 2R produced hydrogen (IRENA, 2018)

PR, D S Re S 4 R w1, 2016/12/10
*Photoelectrochemical (PEC) water splitting is a developing

solar-based technology for hydrogen production. "



Fuel Cells
H, production origin - colour code

\.

Fuel Cells are CO2-emission-free, but it does
not mean H,-mobiliy is CO2-free! To highlight
H, “cleanliness”, the
industry is converging
towards a nomenclature
b Yp described by colours

Grey Hz
from fossil fuels

(malnly Natural Gas)
a\}. without CO, capturing
contrary to Blue H,

Blue H, #”w  YelowH,
™ from Natural Gas using Steam A electrolysis using

#="1 Thermal Reforming; Resulting mixed origin
C 02 » CO2 is captured, stored or (renewable, fossil,
reused nuclear, etc.)

Brown H, Black H, '  PinkH,
from lignite . from from electrolysis
powered by

@® (browncoal) ] @ @ black coal
nuclear energy

«' Methane Reforming or Auto I\ electricity from

Whi Turquoise H,
. - CH 4  from thermal splitting of methane
is a by-product of
‘ ’ . . (CH,4 pyrolysis). Instead of CO,,
sl processes solid carbon is produced

Most current nomenclature #FCEV1




-

ha/Ea /%3
2020 2030

Grey hydrogen Blue hydrogen Green hydrogen

O

Green

electricity —
Natural Natural
gas Hydrogen Hydrogen Water Hydrogen
— ——

https://www.theworldofhydrogen.com/gasunie/what-is-hydrogen/
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Hydrogen Electrolysis

Electrolysis of water is the decomposition
of water into oxygen and hydrogen gas by
the passage of an electric current.

Cathode Anode

PEMZEfif /7 ik \ Water » Hydrogen + Oxygen

Steam Reforming

Steam reforming produces hydrogen with
high-temperature steam (700°C to 1,000°C)
which breaks the bonds between hydrogen
and carbon in methane.

Water Stack

4

s
[&y 1
Methane Cooling
rich gas ‘ water
y
Air Purgegas) 4
y
y
Methane + Water (+ Heat) » y
1:'4/

Carbon Monoxide + Hydrogen

VISUAL

The Evolution of Hydrogen: From the Big Bang to Fuel Cells, April 23, 2019 @ CAPITALIST
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Up to 1,350 tons of green hydrogen can now be generated annually from renewable solar and wind
power in the Wunsiedel Energy Park, Upper Franconia. Hydrogen is generated by an electrolyser — with a
total capacity of 8.75 megawatts. The ‘Silyzer 300’ is based on proton exchange membrane (PEM)
technology, which is optimally suited for operation with renewable energies. The hydrogen will be used
primarily in the region’s industrial and commercial enterprises, but also in road transport.

—

- --ln -

e :a"“‘:;:_wt"d oo |

New green hydrogen generation plant
commissioned in Germany

O S S N T Tions HT | W september 16, 2022 36
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Renewable Hydrogen is not something of the future

Renewable energy generation k k
Water electrolysis
using surplus

Generate |
electricity (

Solar er
generation  Wind power
generation

Store
hydrogen

generation
Small hydroelectric
’,—-—’// i \ ‘
— generation g K
—— m':r""m For hydrogen a\ |
E.g. Transform into compounds stations Gas turbine power
liquefied ammonia and "GAS ] generation

use as fuel or fertilizer

e
LY
.....

O

Fuel cell buses Hydrogen vehicles
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FuelCell L7 7 X 8

Vehicles (FCVs)

powered by hydrogen, are no-compromise
and emission-free, offering long operating
range and fast refueling.

FUEL DIVERSITY AND USES
< EVs HVsP/PHVSs
E Short-distance Wide-use
v
-

Passenger cars

Short distance
(ommuter vehicles

Home dol}vory ]

=

Personal mobll:ly

Battery

The Evolution of Hydrogen: From the Big Bang to Fuel Cells, April 23, 2019 /%" Greencarfepens

This makes them suitable for
everyday driving and heavier
transport such as buses
and shipping trucks and
even spacecrafts.

FCVs

Medium-to-long
distance

Gasoline, diesel, biofuels, CNG, synthetic fuels, etc

TRAVEL DISTANCE

@CAPITALIST
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2019 Hyunda.i Nexo - Hydrogen




BATTERY

POWER ELECTRONICS

AIR PUMP

TOYOTA
|

ELECTRIC
MOTOR/
GENERATOR

FUEL CELL HYDROGEN TANKS

& JBX 7 700 Bar

el S Fubl: S €

BREE : HARENE
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In contrast to cars that use H2 at 700 bar, buses only need 350 bar
pressure to have a similar range to a gasoline vehicle, because of the
available space on the roof to mount the hydrogen storage tanks.

[EX4UEEF] 350 Bar hydrasen tank

Secondary battery

Toyota FC Stack

Poution of two Tepots FC Stacks

Power control unit

Motor
Hydrogen fueling port
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Around 150 fuel cell buses were put in operation in Europe in the period 2012 — 2020.
But there are plans to get over 1,200 by 2025. Looking at a global picture, according to
Bloomberg NEF figures, the fuel cell buses in operation as of late 2020 were about 4,250.

”battery electrlc buses are suitable for short range fuel cell buses for longer range”

ST R I T T, T T T T AT —— - e e _— -

Barth, Germ! —

47
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1 Hydrogen Source 2 Compression
Hydrogen is supplied as & The hydrogen is
compressed gas or a liquid, compressed to H35 or H70.

and is typically stored in
bottles known as "cylinder
racks,” tanks or tube trailers.

3 Buffers

The pressurized hydrogen
is then stored in tubes
known as "buffers.”

4 Exchanger

Before being dispensad, the
hydrogen is cooled ina
heat exchanger, enabling
quick fueling.

5 The Dispenser
The cooled hydrogen is
transferred to the FCV.
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Apple‘s Headquarter is running on renewable energy and going "Net Zero"
They are putting 8 MW of solar panels on the roof of the building and the parking
garages, and are installing 4 MW(SOFC) fuel cells, powered by "directed biogas. These

will be supplemented by grid purchased renewable energy if needed during periods of
peak demand."

Directed biogas refers to biogas that is collected from a Iandfillq53
wastewater treatment plant, or ...
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Delmarva Power 30MW pp e 1 MW Macy’s 600 kW

é“‘gﬁﬂi(power plant) EffH.0 (data center) HEY) 500 (shopping mall)

L

Nokia 500 kW : KERFo g 15E s Johnson & Johnson 500 kW
i\ K8 (office) 1.2 MW(market) FHEE & (science park)

54



b o]y N2 N /) L L
FIEF VR e B R 8 AL

-d *g FUETR X 2R 3 F BRI R PR R % XL(700W),#% & flez"
1A EHATenR 4 B ERT R

-p A 4a B e Ene-farm x 45,2018 % © #2578 5, P 12020+« 1408
5,2030#5308 & .af A FiEisp R, Im éﬁgé 2 :g«_f%:,.g .

EHER :
[ )%ﬁEEEIEI]
- l . =
7
%
®o|om
% | B2
TT
st
{ BEMKE
55

% F K 4RE 0.7 kW PEMFC



A Hydrogen pipeline
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