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production of defence products a logy, the Sk
establishment of Norway's largest renewable energy .
storage is now a reality. At the heart ??? '

In Norway, 98 percent of all electricity production
come from renewable sources. This puts us in a
unique position in both a European and global
perspective. Electricity production in Norway is for
the most part based on flexible ??7?

The flywheel energy storage system contributes to
maintain the delivered power to the load constant,
as long as the wind power is sufficient [28], [29]. To
control the speed of the flywheel energy storage
system, it is mandatory to find a reference speed
which ensures that the system transfers the
required energy by the load at any time.
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1 ? One important way to make storage
technologies more economical is a carbon tax on
fossil fuels, says energy systems researcher Anne
Liu of Aurora Energy Research. In European
countries like

Skanska is working on the construction of the future
E18 highway outside Oslo, Norway. To complete
the Strand-Ramstadsletta stretch and to cover the
high energy demand required on-site while meeting
environmental goals, Skanska relies on a
battery-based energy storage system from Atlas
Copco for optimized power distribution and
consumption.

Energy storage is key to secure constant renewable
energy supply to power systems ??7? even when the
sun does not shine, and the wind does not blow.
Energy storage provides a solution to achieve
flexibility, enhance grid ???
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16 ? Energy storage and systems expert Zhiwei Ma
of Durham University in the United Kingdom
recently tested a pumped thermal energy storage
system. Here, the main energy-storing process
occurs when

Energy storage system (ESS) is playing a vital role
in power system operations for smoothing the
intermittency of renewable energy generation and
enhancing the system stability. We divide ESS
technologies into five categories, mainly covering
their development history, performance
characteristics, and advanced materials.

Battery Energy Storage Systems, or BESS, are
rechargeable batteries that can store energy from
different sources and discharge it when needed.
From renewable energy producers, conventional
thermal power plant operators and ???
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Energy is essential in our daily lives to increase
human development, which leads to economic
growth and productivity. In recent national
development plans and policies, numerous nations

WORKING PRINCIPLE

have prioritized sustainable energy storage. To
promote sustainable energy use, energy storage
systems are being deployed to store excess energy
generated from ?7?7?

Researchers have studied the integration of
renewable energy with ESSs [10], wind-solar hybrid
power generation systems, wind-storage access
power systems [11], and optical storage distribution
networks [10].The emergence of new technologies
has brought greater challenges to the consumption
of renewable energy and the frequency and peak
regulation of ???

In the past few decades, electricity production
depended on fossil fuels due to their reliability and
efficiency [1].Fossil fuels have many effects on the
environment and directly affect the economy as their
prices increase continuously due to their
consumption which is assumed to double in 2050
and three times by 2100 [6] g. 1 shows the current
global ???
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< Paired with advancements in energy storage, these
}-1-.—=——I'—\ \\\ : renewable sources can potentially replace the lion
-l = — P> share of fossil-fueled energy infrastructures. with
| == nations such as Norway, the Netherlands, and India,
™ which have shown strong commitments to
e-mobility, likely playing a pivotal role. Energy
Storage System in Micro-grids: Types, Issues
Norway is a heavy producer of renewable energy
because of hydropower. Over 99% of the electricity
. o production in mainland Norway is from 31 GW
_‘ A hydropower plants (86 TWh reservoir capacity,
- storing water from summer to winter).
[ClEle =Y :ﬁ
= .
W == e W
~—C v, LB
W~
= = Norway has an almost entirely renewables-based
== [ electricity system, with renewable resources

accounting for 98% of generation in 2020, of which
hydro is the dominant source at 92%. Norway is
also historically a net exporter of ??7?
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Renewable energy system offers enormous
potential to decarbonize the environment because
they produce no greenhouse gases or other
polluting emissions. However, the RES relies on
natural resources for energy generation, such as
sunlight, wind, water, geothermal, which are
generally unpredictable and reliant on weather,
season, and year

These developments are propelling the market for
battery energy storage systems (BESS). Battery
storage is an essential enabler of renewable-energy
generation, helping alternatives make a steady
contribution to the world's energy needs despite the
inherently intermittent character of the underlying
sources.

Energy storage systems allow energy consumption
to be separated in time from the production of
energy, whether it be electrical or thermal energy.
TES supports the shift to a predominantly
renewable-based energy system and reduces the
need for costly grid reinforcements. The global
market for TES could triple in size by 2030, growing

from

Vs
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At the heart of Kongsberg Technology Park,
Kongsberg Defence & Aerospace (KONGSBERG)
has taken a groundbreaking step towards a more
sustainable future. At Arsenalet Industrial Park,
known for advanced production of defence products
and technology, the establishment of Norway's

largest renewable energy storage is now a reality.
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Thermal energy storage (TES) is another important
component in fossil-free energy systems, providing
a less costly and more energy friendly alternative for
integrating large inflows of fluctuating renewable
energy than electric batteries [9]. Heat availability
from most renewable and surplus heat sources is
nearly in the opposite phase with the heating
demand ???

M racenee I B Norway: Energy Country Profile; Access to energy;
ENERGY STORAGE SYSTEM ——— . . .
3 To reduce CO 2 emissions and exposure to local air
- pollution, we want to transition our energy systems
away from fossil fuels towards low-carbon sources.
Renewable energy here is the sum of hydropower,
wind, solar, geothermal, modern biomass and wave

and tidal energy.
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There is an increasing number of studies
investigating the benefits of storage and

d

; transmission to integrate variable renewable energy
1N sources which find that interconnection and storage

By | both decrease costs in a highly renewable US [19]
or ??7?

According to the latest update, global investment in
the development and utilization of renewable

I

to 279 b US$ in 2011, Weblink1 [3]. Fig. 1 shows
the trend of installed capacities of renewable energy
for global and top six countries. At the end of 2012,
the global installed renewable power capacity
reached 480 ???

[l sources of power was 244 b US$ in 2012 compared

[ o

1 ? A January 2023 snapshot of Germany's energy
production, broken down by energy source,
illustrates a Dunkelflaute ??7? a long period without
much solar and wind energy (shown here in yellow
and green, respectively). In the absence of
cost-effective long-duration energy storage

technologies, fossil fuels like gas, oil and coal
(shown in orange, brown and dark grey, ???
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While the system integration costs of some
renewable energy sources may be higher than
those of conventional generation, falling storage
costs and smarter balancing technologies are likely
to mean that it is only a matter of time before these
technological advances create an economic rather

o r——p—r i,

than an environmental imperative to go renewable.

and build a robust and sustainable power system
based on renewable energy. Important co-benefits

; .. | of a successful clean energy transition will include
- job creation and improved energy security in line
with the African Union?s Agenda 2063. Taking the
- Renewable Energy Transition Africa re-port (KfW,
R \T/IN""'A‘ . GlZ, IRENA, 2021) as a point of depar-
) :

Future challenges for PSH development are
connected with technical improvements to increase
the potential head and the flexibility in pump mode,
and also business models, grid connection,
environmental and societal issues related to the
increasing need for energy storage, and balancing
services followed by the increased deployment of
renewable ???
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