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Power-to-Gas (P2G) is the process of convertin
surplus renewable energy into hydrogen gas '
through PEM electrolysis technology. The hydrogen
can then be injected into the natural gas grid. In
doing so, the hydrogen can displace natural gas,
reducing greenhouse gas emissions and reliance on
high-carbon fuels. The technical storage or access

A battery storage system is also used to perform a
time-shift of excess renewable energy. To benefit
from the power-to-gas opportunity, a complete cycle
of hydrogen production, storage, conversion, and
consumption is modeled and optimized. To be
specific, two means of hydrogen production,
including water electrolyzer and reformer, are
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Storage capacity is the amount of energy extracted
from an energy storage device or system; usually
measured in joules or kilowatt-hours and their
multiples, it may be given in number of hours of
electricity production at power plant nameplate
capacity; when storage is of primary type (i.e.,
thermal or pumped-water), output is sourced only
with

Power-to-gas (PtG) energy storage converts
electricity to hydrogen or synthetic natural gas. The

gas produced is stored and converted back to
electricity at a later time; or it is directly used to
supply a gas load and/or sell in the gas market. In
the first case, due to double energy conversion in a
relatively less efficient process, a large portion of
the energy is wasted. ???

Power to gas ??? a critical ingredient in the energy
transition. While still in its infancy, power-to-gas
(P2G) technology is one of the few viable options for
large-scale energy storage solutions. Converting
excess renewable energy into methane allows
storing high energy amounts for a long time in
existing gas infrastructures.
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The large-scale deployment of intermittent energy
resources, like wind and solar, has generally
resulted in deregulated power markets becoming
more volatile (Olauson et al., 2016; Davis et al.,
2018). To balance supply and demand for electricity
in real time, energy storage in the form of batteries
or pumped hydro power is playing an increasingly
important role.

Power-to-Gas for Energy Storage Rob Harvey
Director, Energy Storage DOE Electrolytic Hydrogen
Production Workshop National Renewable Energy
Laboratory, Golden, CO ??? Feb 28,2014 1 .
Integrate Renewables . Renewable Gas Options. 2 .
. — [ Power-to-Gas converts clean generation when it is

I not needed into renewable fuel, power or heat .

As such, power-to-gas is a much more wasteful
form of energy storage than its alternatives when
only considering energy efficiency. Cost Efficiency.
The second challenge faced by power-to-gas is an
issue of costs. Whereas hydrogen as a fuel source
costs $8.27 x 10-9 J-1, natural gas costs less than
half as much at $3.18 x 10-9 J-1. Given that
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1 Introduction. gen-erally resulted in deregulated
power markets becoming more volatile1;2. To

balance supply and demand for electricity in real
time, energy storage in the form of b. tteries ???

To increase the efficiency and decrease the
operating cost of the EHS, making the use of
advanced technologies such as power-to-gas (P2G)
storage and tri-state compressed air energy storage
(CAES) system is essential [9 ??? 13]. The tri-state
refers to three CAES modes including charge,
ENERGY|STORAGE SYSTEM discharge, and simple cycle.
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Future energy systems typically have a high need
for energy storage, specifically long-term energy
storage, to account for seasonal fluctuations in

energy demand and renewable energy supply. Due
to their capability to shift energy on seasonal time
scales, Power-to-Gas (PtG) technologies show high
potential ( Blanco and Faaij, 2018 ).
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R — The operation of gas power generators is in
alignment with the current attention on reducing
greenhouse gases [1].Although the application of
gas generation will facilitate renewable energy
integration during an emergency due to its
fast-response capability, the penetration of
intermittent renewable energy will make the demand
more unpredictable and hence more ???

In addition to its use in solar power plants, thermal
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= | _ buildings as well as save on energy costs.

energy storage is commonly used for heating and
cooling buildings and for hot water. Using thermal
energy storage to power heating and

!

air-conditioning systems instead of natural gas and
fossil fuel-sourced electricity can help decarbonize

The interest in Power-to-Power energy storage

- —
. N s | systems has been increasing steadily in recent
iﬁi = B times, in parallel with the also increasingly larger
it \. . W shares of variable renewable energy (VRE) in the

power generation mix worldwide [1].Owing to the
characteristics of VRE, adapting the energy market

‘ to a high penetration of VRE will be of utmost
importance in the ???
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The storage gas is a sustainable and versatile
energy carrier, which can be used for reconversion
to electricity, for heating and cooling purposes or as
an alternative fuel option for the transport sector

(Fig. 1). e.g. biomass, waste, atmosphere Gas
power plants ELECTRICITY NETWORK NATURAL
GAS NETWORK Methanation CO2+4H2?7?? "
CH4+2H20 H2

A newly announced set of dramatically larger and

\ ambitious projects indicate it has made serious
-.."'... 1 inroads within the energy transition. Power-to-gas

X f 2.5-MW Markham Energy Storage Facility in

Germany's energy transition, known as
"Energiewende", was always very progressive.
However, it came technically to a halt at the
guestion of large-scale, seasonal energy storage for
wind and solar, which was not available. At the end

of the 2000s, we combined our knowledge of both
electrical and process engineering, imitated nature
by copying ??7?
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Concerning the rapid development and deployment
of Renewable Energy Systems (RES) and Energy
Storage System (ESS) including Power-to-Gas
(PtG) technology can significantly improve the
friendliness of the integration of renewable energy.
The purpose of this paper is to develop a
coordination strategy between a battery energy
storage and a PtG ???

Energy storage is a technology that holds energy at
one time so it can be used at another time. Building
more energy storage allows renewable energy
sources like wind and solar to power more of our
electric grid.As the cost of solar and wind power has
in many places dropped below fossil fuels, the need
for cheap and abundant energy storage has
become a key challenge for ???
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and demand for electricity in real time, energy
storage in the form of batteries or pumped hydro
power is playing an increasingly important role3{6.
At the same time, hydrogen is increasingly viewed
as an energy carrier with broad application potential
in decarbonized energy economies7{9.
Power-to-Gas (PtG) systems that split water
molecules

Power-to-gas is a novel energy storage concept that
can help in providing energy storage and offer a
sustainable and efficient alternative ways to utilize

the surplus electricity generated by the provincial
grid of Ontario, Canada. This situation of &
#8220;surplus

A power-to-gas facility in Rozenburg, The
Netherlands. Photo credit: Jared Anderson/Breaking
Energy. Power-to-Gas (PtG) enables the natural
gas pipeline network to be used for energy storage,
resolving many of the integration issues that plague
intermittent renewable energy sources such as wind
and solar. It is well known that finding a solution for

scalable energy ???
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. . e Our proprietary power-to-gas (P2G) process
i u " omcomonar converts renewable energy and carbon dioxide into
| | grid-quality renewable methane for storage and
distribution. Homepage info@electrochaea +49 89
3249 3670 (Mon - Thu 9:00 - 17:00, Fri 9:00 -14:30)

Integrated energy systems (IESs) considering
power-to-gas (PtG) technology are an encouraging
approach to improve the efficiency, reliability, and
elasticity of the system. As the evolution towards
decarbonization is increasing, the unified
coordination between IESs and PtG technology is
also increasing. PtG technology is an option for
long-term energy storage in the ???
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