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STRIDE Smart grid workshop

Lecture 2

Smart grid motivation //
\y'
Project co-funded by the Europen Union (ERDF, IPA). é
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Danube Transnational Progranhme CO nte nts

" The traditional electricity grid

= Challenges

" Smart grid solutions and motivations
= Overview of smart grid benefits

" Smart grid barriers

" Processes, people and policies for developing Smart
grids

" Smart grid in short
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Danube Transnational Programme The tradItIOnaI power grld

" Four development phases of Power system
" Old fashioned
" Created with different energy needs in mind

" Changes in recent years — electricity market,
renewable energy sources, electric vehicles, etc.

" Main purpose - sufficient supply of reliable, high
qguality electricity to its consumers

= Centralised control system
" Large and dislocated power plants
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The history of changes in the Power systems

Homes

Traditional Power Grid

Power transmission

Project co-fungeéd by the Europen Unio

L
-
II  ==n |
r@
=1}
Power generation
n (ERDF, IPA)

Smart homes

Power transmission

Smart Power Grid

Wind power

Grid monitoring

Solar power

~
Il

r
=1
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Danube Transnational Programme Energy 1.0: To make it work (1890 - 1920)

1884
First long-ranga
transmission 1881
demanstrated First 3-phase 1892 1893 1806 1914
1882 in Toving 1885 system Tivoli-Rome Westinghouse's  Niagara Falls The Groat War
Edison's Pearl AC transformes  Lauffen- system in SyslEm delivirs power [Warkd War 1)
Streel station (DC) invented Frankturt opralion in Chicago o Buffale
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~ — o Y |
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Initiad electrification Krka-Sibonik Jaruga 2 Manojovac-Sibenik  Kraljevac-Dugi Rat
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powar plants sysam in pparation
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Interreg M Energy 2.0: To make it big and affordable (1920-

1990)

Interconn,e::ted
network of

Overof 1 TW |


http://www.pmaps2016.org/Dr.-Goran-Andersson.pdf
http://www.pmaps2016.org/Dr.-Goran-Andersson.pdf
http://www.pmaps2016.org/Dr.-Goran-Andersson.pdf
http://www.pmaps2016.org/Dr.-Goran-Andersson.pdf
http://www.pmaps2016.org/Dr.-Goran-Andersson.pdf
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lﬂtel’ reg 4 Energy 3.0: To make it sustainable, market based

Danube Transnational Programme

STRIDE and still affordable (from 1990)

B hydro
(incl. renewable hydro)
B nuclear
B fossil fuels
2 renewable
27¢?? (excl. renewable hydro)
U
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Danu!ﬂ};;ta,ep%m% Energy 4.0: 1o make it SMART, environmentally friendly,

STRIDE sustainable, market based, and still affordable ...

SHARE OF CONSUMPTION COVERED BY RENEWABLE GENERATION IN 2016

Till 2?7

L

Proiect co-funded by the Europen Union (ERDF. IPA) https://docstore.entsoe.eu/Documents/Publications/Statistics/electricity in_europe/entsoe electricity in_europe 2016 web.pdf
Q1L O L S LY 1 A -“_:!_ - | L 1O | o d B8 il § o’ 2

Share of the national generation: Il >30%
I >20% and <30%
I >10% and <20%
8 B <10%



https://docstore.entsoe.eu/Documents/Publications/Statistics/electricity_in_europe/entsoe_electricity_in_europe_2016_web.pdf
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interreg A The new energy system Energy 4.0 ... is
Danube Transnational Programme .
“simply” smart and green

Almost every way we make electricity
today, except for the emerging
renewables and nuclear, puts out CO2.
And so, what we're going to have to do

at a global scale, is create a new system.
And so, we need energy miracles.

— Bill Gates —

AZ QUOTES

NEED A

MIRAGLE?
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CURDPCAN UNICK

Danube Transnational Programme If the answer iS yes, the qUEStion iS HOW

STRIDE

10

\

‘roject co-Tung@ed by the Europen Union (ERDF, IPA).
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The Power system

General

11
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!“te"?%f Production and consumption balance (1)

STRIDE

12

F 4 v the Furonen Union (ERDFEF IPA) Source: https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
Jroject co-Tunged py the Europen Union (ERDF, IPA)



https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
https://coloradogeologicalsurvey.org/publications/energy-balance-colorado-1981/
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2. Production and consumption balance (2)

Danube Transnational Programme
STRIDE

generation

- J |/
Project co-fupdéd by the Europen Union (ERDF, IPA).
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Pl Tl e oS Traditional power system division

. i Load
= Generation

. . P N NS A ANy 4/
" Transmission - e ——at

NSAVAYA ' ATAAREAVAVA - A NPV
= Distribution 5! 5 B P ATATA
— Consumption Power Flow =
Generation Transmission Distribution Load

14

Source: https://www.researchgate.net/figure/Traditional-power-system-structure-1 fig22 320626855



https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
https://www.researchgate.net/figure/Traditional-power-system-structure-1_fig22_320626855
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Interreg Typical daily power demand curves

Danube Transnational Programme

P WINTER Power SUMMER

demand demand
ﬁ;\

" Daily load curve

predictions
u Base’ intermediate . intermediate /intermediate \
and peak load base load base load
Time of day Time of day

15

Source: https://www.e-education.psu.edu/eme807/node/667



https://www.e-education.psu.edu/eme807/node/667
https://www.e-education.psu.edu/eme807/node/667
https://www.e-education.psu.edu/eme807/node/667
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—orren = Example of a yearly load curve

Load curve for one year Load duration curve

" The yearly load s e g -
curve of Electrical w U =
POWG r SYSte m S Sorting interlmec;jiate

= Shows the time "o =
during which base, =
intermediate and —— e
p eq k I 0a d occur Time (chronological order) Time (sorted)

16

Source: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA Baseload to Peak 2015.pdf



https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA_Baseload_to_Peak_2015.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA_Baseload_to_Peak_2015.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2015/IRENA_Baseload_to_Peak_2015.pdf
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F\)Iar'jut:l)e. Transnational Programme Powe r SySte m I n e rtl a (1)

Frequency (Hz)
50

" |nterconnected grids fm,

"= Same frequency and Ceneration Load
phase

" High physical inertia -
helps with balancing

Inertia

17

Source: https://www.diva-portal.org/smash/get/diva2:1369967/FULLTEXTO1.pdf



https://www.diva-portal.org/smash/get/diva2:1369967/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:1369967/FULLTEXT01.pdf
https://www.diva-portal.org/smash/get/diva2:1369967/FULLTEXT01.pdf
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Danube Transnational Programme Powe r SySte m I n e rtl a (2)

= Synchronous
generators - provide )
. . . . . synchronous
inertia via their rotating o @
masses

" Helps maintain the
frequency and ensures
grid security

grid AC
waveform
(50H2)

= Necessary in case of
sudden disturbances

18

Source: https://www.nrel.gov/docs/fy200sti/73856.pdf



https://www.nrel.gov/docs/fy20osti/73856.pdf

“

!méwfegg TSO’s and DSQO’s

= Ensuring security
of supply and
quality of service

= Consumption
prediction

L 4
2000

Generation Transmission Distribution Supply

“CLASSICAL
WORLD"”

" Market clearing
= Redispatch

19

Source: http://www.adlittle.cn/en/insights/viewpoints/what’s-next-tsos



http://www.adlittle.cn/en/insights/viewpoints/what’s-next-tsos
http://www.adlittle.cn/en/insights/viewpoints/what’s-next-tsos
http://www.adlittle.cn/en/insights/viewpoints/what’s-next-tsos
http://www.adlittle.cn/en/insights/viewpoints/what’s-next-tsos
http://www.adlittle.cn/en/insights/viewpoints/what’s-next-tsos
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HILCTIICTY - o
oanuberransnationat rogramme —— Cl@ssical power system’s challenges (1)

" Growing energy demand
" High greenhouse gas emissions

" High dependence on imported raw materials for
energy production

" |ncrease in peak electricity demand

" Growing number of decentralised renewables in the

energy mix - stability issues
20
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HILCTIICTY - o
oanube rransnationat rogramme —— Cl@ssical power system’s challenges (2)

= Reliability challenges

= Supply interruptions
= \/oLL (Value of Lost Load)

" Growing number of EV’s

= No consumer participation - passive
consumption

" Manual monitoring and restoration
21
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interreg A

CURIFTAN LNICH

wtea World population growth, 1700-2100 ..,
_/\_Annual growth rate of the world population b=
_J World population

10.9 Billion
in2100

5 Billion
in 1987

2.5 Billion
in 1950

2 Billion
in 1928

1 billion
in 1803

1750 2000 2050 2100

2019 seou
Projection
(UN M Ftiny Varint

V i in Data based on HYDI N, and N pul i ) Re
t 1 OurWorldinData.org, w find data and r v the world jing ensed under CC-BY by thor Max F

1%

2016

Challenge 1: Growing energy demand

Europe Industrial Automation Market Size, 2016-2027 (USD Billion)

| | I I I I I I | |

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027

Sources: https://ourworldindata.org/future-population-growth :
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589



https://ourworldindata.org/future-population-growth
https://ourworldindata.org/future-population-growth
https://ourworldindata.org/future-population-growth
https://ourworldindata.org/future-population-growth
https://ourworldindata.org/future-population-growth
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
https://www.fortunebusinessinsights.com/industry-reports/industrial-automation-market-101589
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Interreg Challenge 2: High greenhouse gas
emissions (1)

" Climate change - the defining issue of our time
" |arge scale global impacts

" Average global temperature rise of 1.5°C above pre-industrial
levels ??7?7?

Annual Global Surface Temperature
Change for Land and Ocean

2.0

>
g

15

0.5

1901 - 2000
Average

00

Temperature difference from
20" century average [°F]

-05

<

-1.0
2 3 1880 1900 1920 1940 1960 1980 2000 2020

Source: https://www.globalchange.gov/browse/indicators/global-surface-temperatures



https://www.globalchange.gov/browse/indicators/global-surface-temperatures
https://www.globalchange.gov/browse/indicators/global-surface-temperatures
https://www.globalchange.gov/browse/indicators/global-surface-temperatures
https://www.globalchange.gov/browse/indicators/global-surface-temperatures
https://www.globalchange.gov/browse/indicators/global-surface-temperatures
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~Interreg Challenge 2: High greenhouse gas
anube Transnationa rogramme o o
emissions (2)

Arctic Sea Ice Extent

b
oo

= Polar regions - more
drastic temperature
change

—
(=)

—
-y

—
~N

" Arctic amplification —
Arctic warmed at twice
the speed

" Nearly 4°C from 1960

" |ce and snow cover
decrease :

24 lJan 1Feb 1Mar 1Apr 1May 1Jun 1Jul 1Aug 1Sep 10ct 1Nov 1Dec 31
Dec

—
o

e ]

(]

Extent (Millions of square kilometers)

B

N

Date

Source: https://nsidc.org/cryosphere/arctic-meteorology/climate _change.html



https://nsidc.org/cryosphere/arctic-meteorology/climate_change.html
https://nsidc.org/cryosphere/arctic-meteorology/climate_change.html
https://nsidc.org/cryosphere/arctic-meteorology/climate_change.html
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Observed change in global mean sea level

mm

100 A

" Oceans warming 5 -
" 19cm sea level rise L —— /

25 4

from 1901 to 2010 = -

75 A
-100

® Predicted 40cm - 125 -

-150 -

. O O 0 0O 9 O O N 0O N & OO
63cm rise by 2100 R O SIS

— Global mean sea level (reconstruction, DMW)

25 — Global mean sea level (satellite altimeter, CMEMS)

Source: https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment



https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
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lnterreg e National Geographic

Danube Transnational Programme

STRIDE Prediction in February 2014: increase 4°C

.St. Petersburg

Helsinki.
/ , Stockholm. .Tallinn
O Turn Down "
T ' Y |
‘Heat 5
ﬁﬁ&ﬂfm“:’a’;" World \: . \ Copenhagen'

.Amsterdam

_/London®

@
Brussels

26




)

(B

Danube Transnational Programme

e
> 1 RIDE

27

= Rising temperatures

affect animal species

Increased risk of floods,

droughts, wildfires,
drinking water
shortage, hurricanes
and typhoons

| stations) and projected change (for the

Challenge 2: High greenhouse gas
emissions (4)

Past trend (at selected tide gauge

RCP8.5 scenario) in relative sea level
across Europe

Trend since 1970  Projected change

(mm/year) during 21% century (m)
Bl <08
Bl 08t0-07
$ o Bl 07t0-06
I -0.6t0-05
¥ e E] -05t0-0.4
§ w2 [ 0.4t0-03
¥ 2t [] -03t0-02
§ 1005 [ -02t0-0.1
&> 05105 [ ] -0.1t00.1
D 05to1 []01t002
§-a12 [ 021003
03t00.4
& 203 E 041005
§ 304 B 051006
4 >4 B 06007
Bl 0710038
B >os

Source: https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment



https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
https://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-7/assessment
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Danube Transnational Programme
STRIDE

2000 IUCN Red List of

Threatened
Species

Commpment
Comg Aaom- Unytas

1990 IUCN Red List

of Threatened
Animals

Compiled by the
Workd Conservation Monitoring Centre

28
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interreg 4 Challenge 2: High greenhouse gas

Danube Transnational Programme

STRIDE emissions (5)

Annual total CO2 emissions, by world region Ol
This measures CO, emissions from fossil fuels and cement production only = land use change is not included.
1 Relative
35 billion t o
Oceania
Asia (excl. China &
30 billion t India)
25 billion t
—— China
20 billion t
- India
15 billion t . Africa
— South America
—_ North America
10 billion t (excl. USA)
—— United States
5 billiont ~ Europe (excl.
EU-28)
29 Ot
1751 1800 1850 1900 1950 2018

Project co-tunged oy the Europen Union (ERDF, IPA) Source: https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest



https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
https://ourworldindata.org/grapher/annual-co-emissions-by-region?time=earliest..latest
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Energy sector - most
emission contribution

73.2% of emissions

Coal fired electricity -
30% of global CO2
emissions in 2019

2/3 of the increase in
global emissions in
2018 from the power
sector

Challenge 2: High greenhouse gas

emissions (6)

Global greenhouse gas emissions by sector

This is shown for the year 2016 — global greenhouse gas emissions were 49.4 billion tonnes CO,eq.
’0 -

Agriculture,
Forestry &

Land Use
18.4%

2.2%

Cement

3%

,Ag\(u lure
Ene rg\’g\jF\sW\i‘g (17%)

&h x
er AUTURCIAN

A use inbuildi® o
\)q

Ommef“ Clal g oo .

Qe
16.6%) Reswdentla\bu‘\

OurWorIdeataorg Res carch mddatatomakeprongS 35 ainst the world's largest prob\ems
ource: Climate ch, the World Resources Institute (2020 Licens: nder CC-BY by the author Hannah Ritchie (2020)

Source: https://ourworldindata.org/ghg-emissions-by-sector



https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/ghg-emissions-by-sector
https://ourworldindata.org/ghg-emissions-by-sector
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~Interreg Challenge 2: High greenhouse gas
anube Iransnationa rogramme o o
emissions (7)

= Negative
= additional generation od over 100 TWh in 2018 - 2/3 of GHG
emissions increase due to additional generation from fossil-fuel
power plants

= China, India and the USA - 85% of net increase in emissions
from fossil-fuel electricity generation

= Positive
= Germany, Japan, Mexico, France and the UK - lowered emissions due
to high RES integration

* combined savings from renewables in Europe and China - 2/3 of

global avoided emissions
31
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Change in global energy-related CO2 emissions and avoided emissions, 2017 — 2018

GtCO2

I | I | I | |
2017 Economic growth Energy efficiency Renewables Coal-to-gas switching Nuclear Other 208

32

EA. All Rights Reserved
C g )

Source: https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018



https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018
https://www.iea.org/data-and-statistics/charts/change-in-global-energy-related-co2-emissions-and-avoided-emissions-2017-2018

i interreg Challenge 2: High greenhouse gas
anube Transnational Programme . .
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)

W

()

Global CO, emissions by country or region, 2014

= EU - limiting global
warming to 1.5°C

" EU-6.66% of global
population — 9% of GHG

emissions in 2014 /
Japan 4% United States

15%

Russian
. India 7%
Federation 5% EU-28
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Danube Transnational Programme

“

= Flectrification of

transportation, building
and industrial sectors

= Great GHG emission
reductions

" 90% of necessary GHG

reductions by 2050 if used

with RES

= Potentially detrimental to
current power grid (smart

grid solutions)
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Challenge 2: High greenhouse gas

emissions (10)

Electrification projects by 2050

Electricity use:
Today 2050
'
395Ey RE share in DH: 9% RE share in DH: 77%
Total final energy use
M 351 EJ v

Total final energy use

3% Coal

0.4% other Re

16%

Natural Gas

10%

Natural Gas

49%

Electricity

Electricity

RE share in Electricity: 24% RE share in Electricity: 86%

Source: https://www.irena.org/DigitalArticles/2019/Apr/How-To-Transform-Energy-System-And-Reduce-Carbon-Emissions
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Imports of selected energy products, EU-27, 1990-2018
(million tonnes of oil equivalent)

700

= None of the EU 00

member states 0 M

have a positive

400
energy balance
300
= 2018 - EU ~
imported 58% _
100 T —— *:—:_.————’\-'A'Q_Q
of energy from = = -~
OI | I I I | L I 1 1 1 LI 1 l | I I LI 1 1 | | 1 I l l 1
abroad
Crude oil === Natural gas === Gas oil and diesel oil
e Solid fossil fuels == Fuel oil Naphtha
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Source: Eurostat (online data code: nrg_t )

Source:https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-
20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
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https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
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https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
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Energy dependency rate, EU-27, 2008-2018
(% of net imports in gross available energy, based on tonnes of oil equivalent)

= 2018 dependency
On: 100 L

90

* Oil and petroleum .
products - 94,6% . __\/\//
= Natural gas - 83,2% 60

50

" Transport sector: o e
= Biggest driver - 2/3 30

of final oil demand 2
= Biggest GHG 10
emitter in the EU T T T T T T T T T T
36 o mpreucs  Satatossitucs

Source; Eurostat (online data codes: nrg_ind_id)

Source:https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-
20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
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https://ec.europa.eu/eurostat/documents/3217494/11478276/KS-DK-20-001-EN-N.pdf/06ddaf8d-1745-76b5-838e-013524781340?t=1605526083000
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Danube Transnational Programme materlals for energy prOdUCt|On (3)

" 2009 natural gas import crisis - example that
highlights dangers of energy dependency

" Energy dependency - big challenge to energy security

" Strategies to lower dependency:
= Reducing usage of fossil fuels

" Increasing available on sight production - mainly
renewables

= Electrification of the transport sector

" Implementation of smart grids
37
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" By the end of the century:
" Cooling electricity consumption rise - 156% T
" Net electricity consumption rise - 17%
" Rising peak demand

" Problems with higher peak demand:
" Added stress on the system
" Higher reserve margins needed to avoid outages

" More difficult system management
38
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~Interreg Challenge 4: Increase in peak electricity
anube Transnationa rogramme
demand (2)

Peak shaving using energy Peak shaving and shifting using
storage systems demand side management

A X s
Load curtailment Load shifting
F § A

i =

o Q

— .

+ +

a, =Y

= =

= =

load after shaving é é

3 3

recharge < @)

riod »
load before shaving & ] » _
Time Time

>t
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Sources: https://www.sandia.gov/ess-ss|/EESAT/2013 papers/Peak Shaving Control Method for Energy Storage.pdf,
https://www.researchgate.net/publication/337023176 Leveraging Consumers%27 Flexibility for the Provision of Ancillary Services
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interreg Challenge 5: Growing number of
Danube Transnational Programme R . .
decentralised renewables in the mix (1)

" More renewables
" Necessary to meet policy targets
*" Enable higher energy independence
= Lower GHG emissions
" Lower energy market prices

" EU renewable sources - growing since 2005
= 2018 and 2019 - renewables

= 1/5 of final energy for heating and cooling
= 1/3 of all consumed electricity
= 1/12 of final energy consumption in transportation

40
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Danube Transnational Programme

Global investment in

renewables

 Emerging and rising
economies have outpaced
developed countries in
investing in renewable
energy capacity for the fifth
year in a row, reaching S 152
billion.
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Challenge 5: Growing number of
decentralised renewables in the mix

INVESTMENT IN RENEWABLES HAS BARELY GROWN

Billicim LIS
1t
300 315 World Total 19
200 282 increase
T frorm 2018

fo 2019
250}
Bl China and India

Other
developing

and emerging
147 countries

200

Developed
countries

LT

2000 2000 20N 2012 2013 24 2006 2016 2007 2098 R —
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Interreg M@  Share of renewable sources in electricity

Danube Transnational Programme

STRIDE prC)d uction 2019

))&)

(«

&

MORE THAN 27% OF GLOBAL ELECTRICITY IS NOW RENEWABLE

Estimated Renewable

Energy Share of Global
Electricity Production,
End-2019
712.7% &
Mon-renewable
electricity
Renewable
electricity
5.9% wi The share of renewables
15.9% : Wind power in electricity generation
Hydropower is rising in many
countries around the
world.

28% Solar PV

2.2% Bio-power
O 4? Geothermal, C5F
. Qo

and ocean power
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decentralised renewa

Estimated gross reduction in GHG emissions in the EU-27, by energy market sector

500

MD llIII
300 .l.

EU

Mton CO2

200

—

]
—
0
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Proxy 2019
B Renewable transport{non-ETS) B Renewable heat (non-ETS) Renewable heat (ETS) Renewable electricity (ETS)

Source: https://www.eea.europa.eu/themes/energy/renewable-energy/renewable-energy-in-europe-2020
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STRIDE decentralised renewables in the mix (3)

©

= Renewables - lower market price of electricity (Merit order)

Operating costs (Euro/MWh) Power Demand
Higher prices ...associated with
for electricity low input from

are... renewables
Renewables Nuclear Lignite Hard Coal Natural Gas Qil Ca paCity (GW)
Electricity ...with higher input
prices are from renewables
reduced... >

Capacity (GW)

Renewables Nuclear Lignite Hard Coal Natural Gas Oil

Source: https://www.cleanenergywire.org/factsheets/setting-power-price-merit-order-effect
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" Lowering prices of solar and wind generation

= |EA - solar PV leading electricity source worldwide by 2040

= Policy support enables lowered financing and installation costs
" Projected solar and wind generation growth

"~ Wind generation,
PV generation, = main case,
main case, .. European Union,
Europe, 1990- ~1990-2025
2025 “ Twh yr
4 5 ) _ , ’ :zoloo 20‘05 20|1o 20|15 20|20 202‘5

Sources: https://www.iea.org/articles/renewables-2020-data-explorer?mode=market&region=Europe&product=PV ,
https://www.iea.org/articles/renewables-2020-data-explorer?mode=market&region=European+Union&product=Wind
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“nterreg Challenge 5: Growing number of
anube Transnationa rogramme . ° °
decentralised renewables in the mix (s)

" Despite Covid-19 electricity demand drop - supply
from renewables rising

" Problem - issues with grid flexibility

" Among renewables

" Pumped storage hydropower most convenient for grid
functioning

" Provides inertia
= Less dependent on weather
" Provide seasonal storage
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interreg H Challenge 5: GrowinF number of
Benibe Trnational Frearamne decentralised renewables in the mix (6)

= \Wind and solar PV:

" Completely dependant on weather
" Big production variability

" Helpful - they are complementary
= Solar PV - highest generation during summer months
= Wind - highest generation during colder months

= Despite this - solar PV and wind introduce additional
variability into the system
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~Interreg Challenge 5: Growing number of
anube Transnationa rogramme a ° °
decentralised renewables in the mix (7)

Monthly generation of solar Monthly generation of offshore
PV in Germany wind in Germany
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Sources: https://www.iea.org/data-and-statistics/charts/monthly-generation-of-solar-pv-in-germany , https://www.iea.org/data-and-
statistics/charts/monthly-generation-of-offshore-wind-in-germany
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“Interreg Challenge 5: Growing number of
anube Transnationa rogramme o o °
STRIDE decentralised renewables in the mix (g)
= Renewable solar PV and
wind
= Negatively impact grid
inertia

= Unpredictable, intermittent,
volatile and uncontrollable

= systems with no inertial
response

= ENTSO-E - reports
increased frequency
fluctuations in the
Nordic grid
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solutions/

Source: https://eprijournal.com/inertia-is-a-growing-challenge-for-the-grid-but-there-are-
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~Interreg Challenge 5: Growing number of
anube Transnationa rogramme a ° °
decentralised renewables in the mix (9)

= Power grid - transition from generator to inverter dominated
system

= Solution to lack of inertia - adding virtual inertia and smart
grid measures

Coal Power Hydro
Plants Power Plants

Energy Storage

Conventional Systems

Generator Systems

\
| Low
Inertia ' Inertia

PV-Wind
Nuclear Systems PV Wind
Power Plants Systems Systems
5 O Generator Dominated Power System Inverter Dominated Power System

Source: https://www.researchgate.net/publication/317937853 Virtual Inertia_Current Trends and Future Directions



https://www.researchgate.net/publication/317937853_Virtual_Inertia_Current_Trends_and_Future_Directions

~Interreg N Challenge 5: Growing number of
anube Transnational Programme 0 ° °
decentralised renewables in the mix (10)

“

= Second issue - solar PV “Duck curve”

Net load - March 31

28,000
26,000
24,000
22,000
2 20,000
g
S 18,000 2013 (actual)
=
16.000 2014 I’Clmp need
2015 ~13,000 MW
14,000 s
: T in three hours
2019—
e / 2020
overgeneration
10,000 Q
risk
12am 3am éam Pam 12pm 3pm épm 2pm
Ho
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Source: https://www.nrel.gov/docs/fy160sti/65023.pdf



https://www.nrel.gov/docs/fy16osti/65023.pdf
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interreg H

Danube Transnational Programme

Challenge 5: Growing number of

decentralised renewables in the mix (11)

= Difference between a typical load curve and a “Duck curve”

= Might lead to needing more power reserves or generation

facilities

= |nitial Load Curve = = Load Curve After Renewables

7000

g 6000

5000

Demand (M
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3000"

52 0:00 2:00

" / . . .
\ ," Ramp-up
\
Ramp-down
AN

/

-

Over-generation Risk
Negative Prices

4:00 6:00 8:00 10:.00 12:.00 14:.00 16:00 18:00 20:00 22:00

Time

Source: https://ieeexplore.ieee.org/abstract/document/8952394



https://ieeexplore.ieee.org/abstract/document/8952394
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~Interreg Challenge 5: Growing number of
anube lransnational Programme a ° °
decentralised renewables in the mix (12)

" Californian system - forced to curtail some energy
from renewables due to large evening ramp up

00000
00000

00000

5 3 IEA. All Rights Reserved
e 2013 o 2014 ® 2016 o 2017 2018 ¢ 2019

Source: https://www.iea.org/data-and-statistics/charts/the-california-duck-curve
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~Interreg Challenge 5: Growing number of
anube lransnational Programme a ° °
decentralised renewables in the mix (13)

" Curtailment trending upward
" Canada - % of renewable energy curtailed in Ontario
" China - wind curtailment in 2018 around 7%

|

Monthly wind and solar curtailment, CAISO

HHMMWHHHHWHH WJHMJHHN I,

\e\%\%\b@%6bt»e@@o\«\«\«oo\«\«oo««\*\%%%,@,@%%%%%,@@9_@@,@,@,@,@,@
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Source: https://www.iea.org/data-and-statistics/charts/monthly-wind-and-solar-curtailment-caiso
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~Interreg Challenge 5: Growing number of
anube Transnationa rogramme a ° °
STE decentralised renewables in the mix (14)

= 11 March 2021 = 19. April 2021.

How much wind was in Europe's electricity yesterday? How much wind was in Europe's electricity yesterday?

25.1% (2,416 Gwn) 4 .8% (413 GWh)
o Onshow wirkd 5 3 0/ onshore wind
2 8 - 9 /0 i 3.8% (371 Gwh) . 0 i 0.5% (43 Gwh)
I ey S Share of wind energy efishere wind
in electricity demand in electricity demand

Share these figures on Share these figures on:
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~Interreg Challenge 5: Growing number of
anube lransnational Programme a . °
decentralised renewables in the mix (14)

= Curtailment
= Getting rid of “free” and “green” energy
= Longer return of investment time
= Reduction of renewables environmental benefits

" |ncrease in solar PV and wind generation - brings up
ancillary services costs

= Solution
" |nvestments and improvements in technology
= Adding more storage
= Utilising demand response

" |ncreasing the usage of EV’s
56
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Interreg H Challenge 5: Growing number of

Danube Transnational Programme

STRIDE decentralised renewables in the mix (15)

(@

= |EA - “Variable energy .
integration and smart grid
technologies can be ideally
combined from a technical
perspective”

["""Iwithout Energy Storage
[ IWith Energy Storage

=]
o
T

-~
(=]
T

Discharging

Net Electricity Demand (MW)
8 8 & 8

-
o

o

5 10 15 20
Time (hours)
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Project co-fundeéd bV the Europen Union (ERDF. IPA) Source: https://doi.org/10.1016/j.enconman.2020.113102



https://doi.org/10.1016/j.enconman.2020.113102
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HILCTIICTY - o ofe
Danube Transnational Programme Cha”enge 6: Rella blllty Cha”enges (1)

= Supply interruptions such as blackouts and

brownouts

= Can have very negative consequences - even tragic
(Venezuela, 2019)

= \/oLL

= \alue of Lost Load

= Gives a monetary value for the social and economic impact
of a power outage
= £/MWh
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HILCTIICTY - o ofe
Danube Transnational Programme Cha”enge 6: Rella blllty Cha”enges (2)

" WTP

= Willingness to Pay

" Monetary amount that end users are prepared to pay to
avoid an outage

= €/h

" Annual average VolLL
= Western Europe - 11,01 €/h
= Southern Europe - 6,04 €/h

= Eastern Europe - 4,03 €/h
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interreg & . . :
panube Transnational programme — Chiallenge 7: No consumer participation (2)

" Today - passive consumers with little to no
knowledge about their consumption

= Active consumer participation - important
smart grid feature

= Future

= Active consumers monitoring their consumption
" Prosumers (producer + consumer)
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interreg & . . :
panube Transnational programme — Chiallenge 7: No consumer participation (2)

= Active consumers

" Financial benefits - ex. customer with a 10kW AC compressor
that can operate at 50% during the most expensive 100h of the
year =2 500kWh net yearly reduction of consumption =2 106,3€

» Helping grid stability
" Lowering peak demand
" More knowledge - empowering

" Smart meters and other smart grid measures -
enabling active consumer participation
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Danube Transnational Programme

= Classical grid -
= 3FRR - automatic, within
5min
= mFRR - manual, within
15min
= RR - manual, within
hours
= Complicated, expensive

" Smart grid solution -
self-healing

62

interreg B Challenge 8: Manual grid monitoring and

restoration (1)

Joint Action with Sychronous Area

LFC Area

i reserve activation

Power/
Frequency

A

Frequency Containment . Frequency Restoration
Process Process

FCR FRR manual RR
FRR

— frequency |

Time to restore frequency

< >

Reserve Replacement
Process

Source:https://www.researchgate.net/publication/342215929 Evaluation of the Effects of Smart Ch
arging_Strategies_and Frequency Restoration Reserves Market Participation_of an_Electric Vehicle
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i :-"Tuel_'l'tl‘is Bl  Challenge 8: Manual grid monitoring and
anube lransnationa rogramme o
restoration (2)

= Self-healing 5

(\q’o\\“ N
= Protects the grid \@\i&o"
G A
" Quick and accurate fault Q\NS:. \ St
analysis N A <
= Distinguishes between W ot N socton 3.3 "
. . AN (Section 3.2)
proper and improper grid S 7N
operation N T S | e
B /0: “ Nl ”
= Restores the system to a o S, Detocton of
etection of sglf AN System Failure
healthy state e T
task N <
N
N
N
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Source: https://www.researchgate.net/publication/222434671 Self-healing_systems - survey and_synthesis
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iiterrey -
Danube Transnational Programme Cha I Ienge 9: EV grOWth (1)

» Electrification of the e e e
transport sector

voonooo| I N tignt electric venicies globally
[ | Positives Year-over-year growth '
= Decarbonisation 1500000 —
" Lower energy dependency 7
= Offsetting renewables e
curtailment - by offering Z
additional storage —— >
capacity .
gy § B § B B B B

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
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Source: https://www.virta.global/global-electric-vehicle-market?hsCtaTracking=7a7927c9-
275d-4689-a8c5-a638a7353e86%7C5alc2f3b-7b6b-4ec4-a3f9-63852b50a70a
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Negatives

= |ncreased electricity consumption
= Qutgrowing grid capacities if not controlled
= Uneven distribution

Plugging in an EV - can be equal to adding 3 houses to the
grid
2012 - 2018 - global growth rates between 46% and 69%

2019

= 9% growth due to decrease in the USA and China
" EU - 44% growth
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* Example of the negative
consequences - Sweden
= First half of 2019 - 253% growth in EV
sales
= The capacities of local grids are being
outgrown

" |nstalling fast chargers at home -
especially problematic

= California - using smart meters to
monitor neighbourhoods in need of

66 network upgrades

“lnterreg Challenge 9: EV growth (3)
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= By the 2040’s - EV’s adding over 30 TWh of extra
battery storage capacity

" Smart charging, meters and grids - can offset the
negative influences of EV’s on the grid

67
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Population and income growth are the two biggest drivers of increasing energy
demand

In the next 20 years, we are likely to continue to see continued global integration
and rapid growth in underdeveloped and middle-developed countries

Globally, basic fundamental relations in energy remain robust - more people with
higher incomes means that energy production and consumption will grow.

Renewable energy is growing in importance (renewable energy sources are the
fastest growing energy source, accounting for 40% of the increase in primary
energy.

The energy mix by 2040 is the most differential the world has ever seen.
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Electric cars: lead the transition from conventional
vehicles

" Autonomous vehicles: improving energy efficiency
through more efficient driving

" Car shearing: can enhance the effects of new
technology

" Ride pooling: reducing total miles by merging trips
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Improving the grid reliability, stability, flexibility and
power quality

mproving the system resiliency
mproving the efficiency

Llowering GHG emissions - decarbonisation
Electrification of additional sectors
Lowering energy dependency

Enabling distributed generation
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" |ncreasing consumer participation - prosumers
" Enabling predictive maintenance

" Enabling self-healing protocols

= Minimizing outage time

= Smart meters = smart devices = smart homes

" Possible economic benefits for utilities and
consumers

" " Job opportunities in the sector
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High upfront investment costs
Technical barriers

Data privacy concerns
Cybersecurity concerns

Little to no policies and legislation regarding the
concept of smart grids as a whole

Low levels of public knowledge and awareness
Lack of consumer incentives
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Key barriers in smart
grid policy
implementation

73

Project co-fundéd by the Europen Union (ERDF, IPA).

Need for smart
consumers

Stakeholder

Engagement

Market

Funding

Development Standards and

&lIncentives
Frameworks

Source: https://essay.utwente.nl/77512/1/s1888250 Namratha Nair__Nair_16-17.pdf
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Billing
Peak load management
" Demand side management

" Demand response schemes
" Energy efficiency programmes

Connection management

Improved outage management
= Customer call centres

Tariff structure
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" Educated labour force - capacity building
= Utility providers

" Educated consumers and prosumers

= Workshops, seminars and events

" Promoting initial participation through monetary incentives
= Smart charging,
= Negawatt generation,
= Demand response participation payments, etc.
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= Key areas impacted by necessary smart policies
= Security
" Tariff structure
" Implementation timeline
= Government incentives

76
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In short what the Smart grid is ...

https://www.i-scoop.eu/industry-4-0/smart-grids-electrical-grid/

77
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Currently it is still very difficult for consumers to see how much electricity they are using, but smart grid devices are quickly being developed, It is hoped that by being able to menitor how much electricity
they are using, consumers will use less of it, subsequently cutting energy bills and, moreover, pinpointing off-peak hours to run their energy-intensive machines.
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Optimises assets and op efficiently

S T R ‘ D E A Smart Grid wnll be ableto geneme more power through the existing
¥ by optimising them, allowing the reduction of power-flow waste

and maximi sing the distribution of lowest-costgeneration sources.

The harmonisation of local distribution with interregional energy flows will

improve thecurrent use of grid assests, reducing grid congestion

and potentially outages / disruptions.

Variety of Generation Options

With CO2 emissions on the increase and primary sources of energy running
outitis imperative that new sources are found and Integrated into the

grid system. The current electricity grid cannot facilitate energy being drawn
seamlessly from a variety of energy sources via a number of distributed
technologies, but this is the aim of the Smart Grid.

Démand Response
Consumers are changing what they need from a power

Accommodates all nmnhnn -nd stor: tions
b SO supplier and are moving towards flexible energy, cheaper

e 2 1 2 It ives and th. ion for mi t Il of which
access a general and renewable generated souceol energy. ; : These record usage in reol-time for alternatives and the option for microgenheration, al
Energy storage will also be available ensuring none is wasted, gl‘:g.yg:bmlndonnmﬂscnle Y the purpose of billing and monitoring are not <urvenllfyla<llnaled by the electricity grid. The
e, andcan afso choo: of the da, development of the Smart Grid and associated “smart”
BRI - ;:::::: canrediedenandan e gl -~ 3 "O'?MK" md:wmw d""'; !:hn:':ogl'es and devices will allow ::ers : have :mme
— ¢ . off-peak to save money direct control over the energy they use on a day-to-day

258588 g : il basis.
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Isolated Microgrids
m«mummm: mgh . lI there is adisturbance In !h:;:): the
solar panels, wind turbines and affected microgrids can be isolated from
in turn can supply energy back the central grid to ensure minima!
to the central petwork grid disruption to services

Power for 21st Century Needs

Power outages and quality issues cost businesses billions every year,
ASmart Grid will reduce downtimes issues ensuring everyone

<an obtain power when they need it with solutions at both a system
and consumer level

A ically detects and
quick recovery after disturb

Storage
Energy that is generated during non-peak times
can be stored for potential future usage, to
ensure minimal wastoge

Electricity Market

Creating an open market where alternative energy sources
can be sold to customers regardless of location.
Microgeneration of electricity will also be a viable source of
energy and will potentially contribute a good source of income
1o local economies.

Sources: Office of Electricity and Energy Reliability and European SmartGrids Technology Platform
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Currently itis
they are using

Power & Energy

A Smart Grid will be able
systems by optimising the
and maximising the

The harmonisation of local d
improve thecurrer

Enuyy seamlessly dfawn from a variety of sources

howmuch electricity

of energy running
ated into the
nergy being drawn
of distributed

Smart Meters

Microgeneration These record usage in real-time for
the purpose of billing and monitoring B
<o ates all generation a or "gym small scal anging what they need from a power
Al ;:um:’:dol"b:‘m:rl:m:u:::uo'::': con ::n A (dlxea(;nd ‘:’d:’l il scole andcm also choose periods of the day loving \‘aw’:rvdsiﬂexible entevgy, cl:\:per &
| and able ed ema “le gdd & option for microgeneration, all of whic
sfr;’:o?:q"::m nd ;e::lwh“emms:;i d :‘:; M which to draw power i.e. during wcilitated by the electricity grid. The

and that energy can be tapped at a late date

ans 11
mea, uaa
‘-ﬁ-‘ ...ﬁ.

e Smart Grid and associated “smart”
devices will allow users to have a more
the energy they use on a day-to-day

Larger Network (Offices Isolated Microgrids
Cmgmremmmugh : l!thmbadtsmrbamlnﬂngrldu)e
>R solar panels, wind turbines and _ affected microgrids can be fsolated from
Automaticalty detecs and Bl in turn can supply energy back 8 2 the central grid to ensure minimal i
quick recovery after disturbarices, The mcerf to the central network grid v disruption to services ues cost businesses billions every year,

also means that affected areascan ba i 50
network asto cw;_em_lnmﬁl di
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. ensure minimal wostoge

wimes issues ensuring everyone
1eed it with solutions at both a system

Power Storage
Energy that is generated during non-peak times
can be stored for potential future usage, to

-\

2.\ turopean SmartGrids Technology Platform
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Currently it is still very difficult for consumers to see how much electricity they are using, but smart grid devices are quickly being developed. It is hoped that by being able to monitor how much electricity

Danu be Tra nsnational prog ra m me Power & Energy they are using, consumers will use less of it, subsequently cutting energy bills and, moreover, pinpointing off-peak hours to run their energy-intensive machines.

STRIDE

Optimises assets and operates efficiently

A Smart Grid will be able 1o generate more power through the existing
systems by optimising them, allowing the reduction of power-flow waste
and maximising the distribution of lowest-costgeneration sources.

The harmonisation of local distribution with interregional energy flows will
improve thecurrent use of grid assests, reducing grid congestion

and potentially outages / disruptions.

Optimises assets and operates efficiently

A Smart Grid will be able to generate more power through the existing
systems by optimising them, allowing the reduction of power-flow waste
and maximising the distribution of lowest-costgeneration sources.

The harmonisation of local distribution with interregional energy flows will
improve thecurrent use of grid assests, reducing grid congestion

and potentially outages / disruptions.

A ally detects and respands to grid probl ensuring
quick recovery after disturbances, The incerporation of microgrids
also means that affected areas <an be isolated from the main
network as to cause minimal disruption to services

Power Storage

Energy that is generated during non-peak times
can be stored for potential future usage. to
ensure minimal wastoge

With CO2 emissions on the increase and primary sources of energy running
oult itis imperative that new sources are found and integrated into the

grid system. The current electricity grid cannot facilitate energy being drawn
seamlessly from a varlety of energy sources via a number of distributed

v v
-1 -
ES

‘w technologies, but this i the aim of the Smart Grid.

Deémand Respons
Consumers are changing what they need from a power

Smart Meters supplier and are moving towards flexible energy, cheaper

In real-time for alternatives and the option for microgeneration, all of which
nd monitoring are not currently facilitated by the electricity grid. The

riods of the day development of the Smart Grid and associated “smart”

ower Le. during technologies and devices will allow users to have a more

M Souemoney direct control over the energy they use on a day-to-day

basis.

/\

ted Microgrids
ein the grid the
e isolated from
ensure minimal
ation to services

Power for 21stCentury Needs

Power outages and quality issues cost businesses billions every year,
ASmart Grid will reduce downtimes issues ensuring everyone

an obtain power when they need it with solutions at both a system
and consumer level

Electricity Market

Creating an open market where alternative energy sources
can be sold to customers regardless of location.
Microgeneration of electricity will also be a viable source of
energy and will potentially contribute a good source of income
to local economies.

Sources: Office of Electricity and Energy Reliability and European SmartGrids Technology Platform
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STR' D E Op assets and op. efficiently
A Smart Grid will be able 1 more power through the existing

systems by optimising them, allowing the reduction of power-flow waste
and maximising the distribution of lowest-costgeneration sources.

The harmonisation of local distribution with interregional energy flows will
improve thecurrent use of grid assests, reducing grid congestion

and pi ially outages / P

Accommodates all generatio

All sources will be interconnected
access a general and renewable gene
Energy storage will also be available er
and that energy can be tapped a

Automatically detects and resp

quick recovery after disturbanice
also means that affected are
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Currently it is still very difficult for consumers to see how much electricity they are using, but smart grid devices are quickly being developed. It is hoped that by being able to monitor howmuch electricity
they are using, consumers will use less of it, subsequently cutting energy bills and, moreover, pinpointing off-peak hours to run their energy-intensive machines.

tion

Variety of Géneration Op '
With CO2 emissions on the increase and primary sources of energy runhing
out itis imperative that new sources are found and integrated into the

grid system. The current electricity grid cannot facilitate energy being drawn
seamlessly from a varlety of energy sources via a numbet of distributed
technologies, but this is the aim of the Smart Grid.

Variety of Geéneration Options

With CO2 emissions on the increase and primary sources of energy running
out itis imperative that new sources are found and integrated into the

grid system. The current electricity grid cannot facilitate energy being drawn
seamlessly from a variety of energy sources via a number of distributed

technologies, but this is the aim of the Smart Grid.

ASmart Grid will reduce downtimes issues ensuring everyone
«<an obtain power when they need it with solutions at both a system

and consumer level

rower Jrorage
Energy that is generated during non-peak times
«can be stored for potential future usage, to

ensure minimal wastoge

Electricity Market
Creating an open market where alternative energy sources
fless of |

can be sold to g
Microgeneration of electricity will also be a viable source of
energy and will potentially contribute a good source of income

to local economies.

Sources: Office of Electricity and Energy Reliability and European SmartGrids Technology Platform
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assets and op
A Smart Grid will be able to gemme more power through the existing
systems by optimising them, allowing the reduction of power-flow waste
and maximising the distribution of lowest-costgeneration sources.
The harmonisation of local distribution with interregional energy flows will
improve thecurrent use of grid assests, reducing grid congestion

and potentially outages / disrup

Accommodates all generation and storage options
All sources will be allowing to

access a general and renewable generated sourceof energy. Mi i
Energy storage will also be available ensuring none is wasted, erg
and that energy can be tapped at a late date should the im ,M:::ﬂdm:;"m:’;,zk
need arise.
— —
asd 4

Self-healing

Automatically detects and . grid problems, ensuring
quick recovery after dlslurba,ke!(, ncorporation of microgrids
also means that affactgm (M\ lated from the main

network as to cau

ll ﬂ{Isrupﬁon to services
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Energy seamlessly drawn from a variety of sources

Currently it is still very difficult for consumers to see how much electricity they are using, but smart grid devices are quickly being developed. It is hoped that by being able to monitor howmuch electricity
they are using, consumers will use less of it, subsequently cutting energy bills and, moreover, pinpointing off-peak hours to run their energy-intensive machines.

WIlh COZ emlsmm on the increase and primary sources of energy running
out itis imperative that new sources are found and integrated into the

grid system. The current electricity grid cannot facilitate energy being drawn
seamlessly from a varlety of energy sources via a number of distributed

~ technologies, but this is the aim of the Smart Grid.

Y Y
Deémand Responsn

Consumers are changing what they need from a power

supplier and are moving towards flexible energy, cheaper

Smart Meters
alternatives and the option for microgeneration, all of which

Ihaem:mlmagen real—umdov
of billing and are not currently facilitated by the electricity grid. The
andmalwchaosepmadsdtbcday development of the Smart Grid and associated “smart”
from which to draw power i.e. during technologies and devices will allow users to have a more
off-peak to save money direct control over the energy they use on a day-to-day
ANTAN -
0 By W
A AN

Demand Response

Consumers are changing what they need from a power
supplier and are moving towards flexible energy, cheaper
alternatives and the option for microgeneration, all of which
are not currently facilitated by the electricity grid. The
development of the Smart Grid and associated “smart”
technologies and devices will allow users to have a more
direct control over the energy they use on a day-to-day
basis.



Danube Transnational Programme
STRIDE

:-n Q))

lnterreg B

Power & Energy

assets and op
A Smart Grid will be able to gemme more power through the existing
systems by optimising them, allowing the reduction of power-flow waste
and maximising the distribution of lowest-costgeneration sources.
The harmonisation of local distribution with interregional energy flows will
improve thecurrent use of grid assests, reducing grid congestion
and potentially outages / disrup

= 0

Y Y Y Y Y
Energy seamlessly drawn from a variety of sources

Currently it is still very difficult for consumers to see how much electricity they are using, but smart grid devices are quickly being developed. It is hoped that by being able to monitor howmuch electricity
they are using, consumers will use less of it, subsequently cutting energy bills and, moreover, pinpointing off-peak hours to run their energy-intensive machines

wnh COZ emlssuom on the increase and primary sources of energy running

out itis imperative that new sources are found and integrated into the

grid system. The current electricity grid cannot facilitate energy being drawn

~ seamlessly from a varlety of energy sources via a number of distributed
technologies, but this is the aim of the Smart Grid.

Deémand Responsn
Consumers are changing what they need from a power
supplier and are moving towards flexible energy, cheaper
alternatives and the option for microgeneration, all of which

Accommodates all generation and storage options
All sources will be ing to
access a general and renewable generated sourceof energy. " These record usage In real-time for
Energy storage will also be available ensuring none is wasted, ::m‘“’m'h e Annaasile A 4 the purpose of billing and monitoring are not currently facilitated by the electricity grid. The
and can also choose periods of the daj development of the Smart Grid and associated “smart”
A Somredice dennand on te prd from which ”dmmie d'""l; lechnolog‘m leunddevmeswilallan:users to have a more
off-peak to save money direct control over the energy they use on a day-to-day

need arise.

Power for 21st Century Needs

ASmart Grid will reduce downtimes issues ensuring everyone
can obtain power when they need it with solutions at both a system

and consumer level

oject co-fundeéd by the Europen Union (ERDF, IPA).

Power outages and quality issues cost businesses billions every year.

basis.

Power for 21stCentury Needs

Power outages and quality issues cost businesses billions every year,
ASmart Grid will reduce downtimes issues ensuring everyone

can obtain power when they need it with solutions at both a system

and consumer level

etwhere alternative energy sources

ws regardless of location.

ctricity will also be a viable source of
ally contribute a good source of income

Sources: Office of Electricity and Energy Reliability and European SmartGrids Technology Platform
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Currently it is still very difficult for consumers to see how much electricity they are using, but smart grid devices are quickly being developed. It is hoped that by being able to monitor howmuch electricity

Da nu be Tra nsnational prog ramme Power & Energy they are using, consumers will use less of it, subsequently cutting energy bills and, moreover, pinpointing off-peak hours to run their energy-intensive machines.
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Op assets and op
A Smart Grid will be able 1o generate more power through the existing
systems by optimising them, allowing the reduction of power-flow waste
and maximising the distribution of lowest-costgeneration sources.
The harmonisation of local distribution with interregional energy flows will
improve thecurrent use of grid assests, reducing grid congestion

and potentially outages / disrup

With CO2 emissions on the increase and primary sources of energy running
out itis imperative that new sources are found and integrated into the

grid system. The current electricity grid cannot facilitate energy being drawn
seamlessly from a varlety of energy sources via a number of distributed

~ technologies, but this is the aim of the Smart Grid.

Deémand Responsn

Consumers are changing what they need from a power
supplier and are moving towards flexible energy, cheaper
alternatives and the option for microgeneration, all of which
are not currently facilitated by the electricity grid. The
development of the Smart Grid and associated “smart”
technologies and devices will allow users to have a more
direct control over the energy they use on a day-to-day
basis.

Electricity Market

Creating an open market where alternative energy sources
can be sold to customers regardless of location.
Microgeneration of electricity will also be a viable source of
energy and will potentially contribute a good source of income
to local economies,

Power for 21stCentury Needs

Power outages and quality issues cost businesses billions every year,
ASmart Grid will reduce downtimes issues ensuring everyone

«<an obtain power when they need it with solutions at both a system
and consumer level

Electricity Market

Creating an open market where alternative energy sources
can be sold to gardless of locati

Microgeneration of electricity will also be a viable source of
energy and will potentially contribute a good source of income
to local economies.

Sources: Office of Electricity and Energy Reliability and European SmartGrids Technology Platform

Project co-fundéd by the Europen Union (ERDF, IPA).



A

“lnterreg H

4

Currently it is still very difficult for consumers to see how much electricity they are using, but smart grid devices are quickly being developed. It is hoped that by being able to monitor howmuch electricity

Da nu be Transnationa' prog ramme Power & Energy they are using, consumers will use less of it, subsequently cutting energy bills and, moreover, pinpointing off-peak hours to run their energy-intensive machines.

STRIDE Optimises assets and operatesefcently

A Smart Grid will be able to g more power through the existing
<usteme by ootimising them. allawina the reduction of Mow wacts
[ S

\ ’é‘é' \
Y

3 Self-healing
Automatically detects and re ,'s‘ o grid problems, ensuring
quick recovery after disturbances. The incorporation of microgrids
also means that affected areas ¢an be isolated from the main

network as to cause minimal disruption to services

‘.
o

Self-healing
problems, ensuring
lxmbn of microgrids
lated from the main

al disruption to services

Automatically detects and
quick recovery after disturba
also means that affects :
network as to caus
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10 Te CENIas NETWOrK gina

With CO2 emissions on the increase and primary sources of energy running
T new sources are found and integrated into the
t electricity grid cannot facilitate energy being drawn
ly of energy sources via a number of distributed
the aim of the Smart Grid.

Deémand Responsn

Consumers are changing what they need from a power
supplier and are moving towards flexible energy, cheaper
alternatives and the option for microgeneration, all of which
are not currently facilitated by the electricity grid. The
development of the Smart Grid and associated “smart”
technologies and devices will allow users to have a more
direct control over the energy they use on a day-to-day
basis.

Y
- Y
.
Power Storage
Energy that is generated during non-peak times

«can be stored for potential future usage, to
ensure minimal wastoge

Power for 21stCentury Needs

Power outages and quality issues cost businesses billions every year,
ASmart Grid will reduce downtimes issues ensuring everyone

«<an obtain power when they need it with solutions at both a system
and consumer level

Electricity Market

Creating an open market where alternative energy sources
can be sold to gardless of locati

Microgeneration of electricity will also be a viable source of
energy and will potentially contribute a good source of income
to local economies.

Sources: Office of Electricity and Energy Reliability and European SmartGrids Technology Platform
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D\
Optimises assets and op efficiently ye, N \\\ Variety of Géneration ns
A Smart Grid will be able to generate more power through the existing / g < \\ With CO2 emissions on the increase and primary sources of energy running
systems by optimising them, allowing the reduction of power-flow waste \

and maximising the distribution of lowest-costgeneration sources.

The harmonisation of local distribution with interregional energy flows will
improve thecurrent use of grid assests, reducing grid congestion

and potentially outages / disruptions.

| outitis imperative that new sources are found and Integrated into the
] ', grid system. The current electricity grid cannot facilitate energy being drawn
| seamlessly from a variety of energy sources via a number of distsibuted
/ / technologies, but this is the aim of the Smart Grid.

/
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Démand Response

Accommodates all generation and storage options. Consumers are changing what they need from a power

All sources will be d allowing 1o Smart Meters supplier and are moving towards flexible energy, cheaper
access a general and renewable generated sourceof energy. Mier : ‘ These tecord usage in reol-time for alternatives and the option for microgeneration, all of which
Energy storage will also be available ensuring none is wasted, Enn::;hdmamllsmle vV the purpose of billing and monitoring are not currently facilitated by the electricity grid. The
- .. andcan afso ch iods of the da; devel nt of the Smart Grid and iated “smart”
SRS SR :\he:::'lr: can reducedemand on the grid T B ho(:' Wﬁ::l m?:mia dun'n; l:r:nologopml'es Aond devz:s will al:m :::; ha\::.mon
— P S | 2 ) off-peck to sove money direct control over the energy they use on a day-to-day
EHE : NN o
e S =4 - -

Accommodates all generation and storage options

All sources will be interconnected allowing consumers to
access a general and renewable generated sourceof energy.
Energy storage will also be available ensuring none is wasted,
and that energy can be tapped at a late date should the

need arise.

ower for 21st Century Needs

ower outages and quality issues cost businesses billions every year,
Smart Grid will reduce downtimes issues ensuring everyone

3n obtain power when they need it with solutions at both a system
nd consumer level
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