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* Learning from the past
 What is Energy System Integration (ESI) ?

* ESl and the low carbon agenda, including
renewable integration

 Examples Ireland, Denmark, (China etc.)

 Conclusion
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Smart Grid and the unholy Trinity
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Investment: the essence of energy

OUTLOOK

Cumulative investment in energy infrastructure, 2011-2035

COAL BIOFUELS
$1.1 trillion $0.3 trillion

%

NATURAL GAS
$9.5 trillion

POWER
$16.9 trillion

OIL
$10.0 trillion

WEO-2011 will show that $38 trillion of investment is required to meet projected energy
demand through to 2035 and that investors in energy projects are facing a multitude of risks
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The digital utility of the future captures opportunities all along
the value chain.

Distributed Data-driven asset Smart grid and Customer inter- Platform supports
energy resources strategies smart pipes allow actions governed distributed energy
enabled by including automated by analysis of resources and

big data—driven preventative and controls to customer journeys, marketplaces
alignment of condition-based improve network segmentation, and -
supply and maintenance and resiliency, safety, personalized

demand predictive outage and efficiency communication

Back-office Field workforce with High level of
automation mobile access to situational
and data- maps, data, work- awareness to

driven decision
making

management tools, g enable energy
and real-time expertise m balancing

McKinsey&Company
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Energy Union and smart transition

Speech at InnoGrid2020+ conference (Check Against Delivery)

Thank you Nick for this introduction. And thanks to both you and Joao
(Torres) for inviting me to this major event. | would like to use this
opportunity to discuss the "smart transition” — some would even say
"revolution" — that is unfolding before our very eyes.

Ladies and gentlemen, our children are very much part of a 'smart’
generation - the generation for which smart phones and smart
appliances are taken for granted. Smart technologies are now
surrounding us. The ICT revolution, of citizens and consumer
empowerment, entails a fundamental transformation of the way we live
our lives and this also has a dramatic impact on how we conceive our

inclusive forums. | read it in your press release yesterday and |
completely agree: "Smart grids are a prerequisite to achieving a real

Energy Union".

As | have already alluded 1o, what shale gas did to the US economy,

smart grids can and should do in Europe. Thus | would like to thank

EDSO and ENTSO-E, not only for today but for your daily work; for your
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Welcome!

How many of the 20th century's greatest engineering
achievements will you use today? A car? Gomputer? Telephone?
Explore our list of the top 20 achievements and leam how
engineering shaped a century and changed the world.

21st Century Innovation Topics
Energy conservation
Resource protection
Food and water production and distribution
Waste management
Education and learning
Medicine and prolonging life
Security and counter-terrorism
. New technology
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An‘plane 3. Internet . Global communication
Water Supply and Distribution 14. Imaging e Traffic and population logistics
Electronics 19. Household Appliances A 17 - - Knowledge sharing
. . an . - { . 3.1 | i .
Radio and Television 6. Health Technologies . : niegraed electronic environment
P : . ; : ' ' 4. Globalization
- Agricultural Mechanization 17. Pefroleum and | | Al inferfaces and robotics
. Computers Petrochemical TE%ChHO|Og|€S . Weather prediction and control
Telephone 16. Laserand Fiber Optics  Sustainable development
10. Air Condtioning 19. Nuclear Technologies  EIRE DT

" : - Intar: . Space exploration
and Refrigeration High-performance Materials e rtualation” and VR

. Preservation of history

0 o~

A
‘ll' (Greatest

Achievements

Copyright © 2013 by National Academy of Engineering. All rights reserved. Printer-Friendly Version. Text-Only Version. Contact Us.




The Electric Future
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The global energy system today

Renewables

and waste Industry
68 EJ 127 EJ
Other end-
use 23 EJ
Buildings
_ 115 EJ
Fossil fuels Refineries
411 B and other
transformation
Transport
93 EJ
Nuclear
29EJ
Own use, conversion
and distribution losses 149 EJ
I Renewables and waste M Fossil fuels " Nuclear I Oil products M Electricity B Commercial heat

Dominated by fossil fuels in all sectors: (Source IEA)



The future low-carbon energy system

Renewables

Industry
and waste 1908
289 EJ
Other end-
use 41 EJ
Buildings
130 EJ
Refineries
) and other
Fogszllzféljels transformation
215EJ
Transport
105 EJ
Nuclear
86 EJ

Own use, conversion
and distribution losses 233 EJ

M Renewables and waste M Fossil fuels " Nuclear ™ Oil products M Electricity

B Commercial heat M Hydrogen

The 2DS in 2050 shows a dramatic shift in energy sources and
demands: (Source IEA)



Energy Systems Integration

water
Transport E

optimization of energy systems across multiple pathways and scales

increase reliability and performance, and minimise cost and environmental impacts
most valuable at the interfaces where the coupling and interactions are strong and
represent a challenge and an opportunity

control variables are technical economic and regulatory

<> International Institute”
. ' for Energy Systems
Integration

+:NREL
" »
ot =1



THE UNITED NATIONS INTER-AGENCY
UNSW AL E R e oAl e var CHD

RELATED ISSUES, INCLUDING SANITATION

Home About Topics Campaigns Activities News & Events Publications Statistics GEMI SDGs

Home  Topics Water, food and energy nexus

Teaching Water WATER, FOOD AND ENERGY NEXUS

Post-2015 Water and Sanitation Water, energy and food are inextricably linked. Water is an

input for producing agricultural goods in the fields and along
the entire agro-food supply chain. Energy is required to
produce and distribute water and food: to pump water from

Water, Sanitation and Hygiene

Water and urbanization groundwater or surface water sources, to power tractors and
irrigation machinery, and to process and transport agricultural

Water resources management goods.

Water quality Agriculture is currently the largest user of water at the global
level, accounting for 70% of total withdrawal. The food

Transboundary waters production and supply chain accounts for about 30% of total

global energy consumption.



EPSRC

Engineering and Physical Sciences
Research Council

Engineering Grand Challenges

Report on outcomes of a retreat — 07 and 08 May 2014

Fttinaton Chase Stratford-unon-Avan

4.6 Suprastructures - Integrating Resource Infrastructures under
Constraints

Description

Design the development and operation of optimised integrated infrastructures - both the
physical and organisational structures/facilities - for an uncertain but sustainable future.

As we move to uncertain but increasingly tight resource constraints, how should we design,

as. for

conjmunications and information, water, energy, food, material and people to achieve
resilience against environmental change, demand variation and technology evolution?
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Wind Installed in Ireland

Irish Wind Capacity (MW)

3000
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Sources: EirGrid http://www.eirgrid.com/operations/systemperformancedata/all-islandwindandfuelmixreport/,IWEA
and Eirgrid Generation Capacity Statement 2016-2025 and Irish Wind Energy Association




26t & 271 of Sept. 2016 (Island of Ireland)

Wind Generation, Island of Ireland (as % of total

demand)
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Fuel Mix Ireland Sep 28th 2016

Average Fuel Mix

ion of the System Generation fuel mix and net imports across the

elow shows the average fuel mix for the last 24 hours.

MONTH

Source: Eirgrid http://smartgriddashboard.eirgrid.com




System Non-Synchronous Penetration (SNSP)

90% /9%
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O’Sullivan, J., Rogers, A., Flynn, D., Smith, P., Mullane, A., and O’Malley, MJ., “Studying the Maximum Instantaneous Non-Synchronous Generation in
an Island System — Frequency Stability Challenges in Ireland”, IEEE Transactions on Power Systems, Vol. 29, pp. 2943 — 2951, 2014.



SNSP - Ireland — October 2015
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Impact of SNSP on Wind Curtailment

% Curtailment
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Wind energy %, electricity, Denmark

Wind power share of load in Denmark

Wind power share of load

0% .
2000 2002 2004 2006 2010 2012 2014

Source: Energinet.dk




Jutland - Sweden Power right now

"~ Exports: 332 MW Measured in MW:
L
% Lot Central power stations 1-315
% Lz Local CHP plants 298
¥ 4 wind turbines 3.951

Solar cells 0
Jutland - Norway

Exports: 1.530 MW

Net exchange eksport 2.096

Electricity consumption 3.469

CO2 emissions 164 g/kwh

LEGEND v

Zealand - Sweden
Exports: 1.026 MW

—
-

Bornholm - Sweden
Exports: 16 MW

The Great Belt
---> 590 MW

N

Zealand - Germany
Jutland - Germany

Imports: 336 MW
Imports: 473 MW

https://www.energinet.dk/EN/El/Sider/Elsystemet-lige-au.aspx | Last updated 2. februar 2016 23:28



Jutland - Sweden
Exports: 392 MW

Power right now
Measured in MW:

Jutland - Norway
Imports: 702 MW

Central power stations
Local CHP plants
Wind turbines 364

Solar cells 42
Net exchange import 1.674
Electricity consumption 3.708

CO2 emissions 410 g/kWh

LEGEND v

Zealand - Sweden
Imports: 306 MW

The Great Belt
--=> 270 MW

N

—

Bornholm - Sweden
Imports: 27 MW

Jutland - Germany
Imports: 701 MW

Zealand - Germany
Imports: 330 MW

https://www.energinet.dk/EN/EIl/Sider/ EIsystemet-Iige-n.u.aspx
-

I Last updated 22. august 2016 7:20



Energy comes together in Denmark

Resource

’

‘ mm—— — ~ - LA B N __J
FIuctuatlng Electricity

i < > ey
— 3 1 % Gas éystem ‘\

i
District'Heating
Network

N

|
I
.
Interrgtlonal

A

System
L 2 R &8 &8 B N J

Intelllgent Heat Pumps Heating Industrial Transport

Electrical Processes
Consumption

Service

Electrical
Transport

figure 1. Overview of a future Danish energy system. The orange-and-grey cylinders indicate technologies and subsystems
with storage capabilities.

Meibom, P, Madsen, H, Hilger, K.B.and Vinther, D, “Energy Comes Together in Denmark”, Power and Energy
Magazine, IEEE , vol.11,n0.5, pp.46-55, Sept. 2013.




Comparing the flexibility options 1/LV1T

Demand response — without costs

Dem. resp. >
Battery 100 attery storiage benefits with low costs only
Battery 50 vetter for PV than wihd)
Flex
PHP

- ——_Transmission best cost benefit
Trans unlm. ?
Trans

Elec. boiler < ower tp heat good cost benefit
Heat stor.
Heat pump
EB+HP+HS |
All

L | | |

-1 0 1 2 3 4 5
System benefit of flexibilities (G€/year)

= Relative value of new flexibility options for Northern Europe, scenarios
with lot of wind power: 42-55% of energy

" For wind, transmission, heat sector flexibility and demand response
most important

(Source: Kiviluoma et al, VTT)
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Enter the “consumer”

“Engineers (and

economists) tend
3‘6"5 to be ignorant and
JUSTICE 1y arrogant about
customers”, Janusz
Bialek

DIETER TELEMANS/PANOS

Energy studies
need social science

‘Engineers and economists
are ignoring people and
miscasting decision making
: and action’, Sovacool, B.K.
ERSIBA - ¢ N (2014) Nature 511, 529-530




Demand response - the “consumer” and the “business model”

Product

Nolan, S and O’Malley, M.J.,, Table 1: MC-based estimates compared with the Single Year Method es-
“Challenges and barriers to demand tmates for all cases

response deployment and evaluation”, Case Metric | MC Single-Year
Applied Energy, Vol. 152, pp.1-10, Full-time occupants ELCC | 62 MW 59 MW

2015. with DR Reserve CV 9% 8.5%

2. O'Connell, N., Pinson, P., Madsen, H. Part-time occupants | ELCC | 43 MW 37 MW
and O'Malley, M.J., “Benefits and with DR Reserve &A% 6% 5.3%
lghallenge.s Zf Féle.c.mclal RDCI.nan,,d Full-time occupants | ELCC | 78 MW 75 MW
Responslfl. % S rlt:?a ol el;;ew ’ without DR Reserve (@AY 11% 10.8%

enewable ustainable ergy
Reviews. Vol. 39 PP 686-699.2014 Part-time occupants ELCC 60 MW 55 MW
o TR ’ ' without DR Reserve (@AY 8.6% 7.9%




100 % Wind we will have to change how we live
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Trilemma plus the “consumer” a Quadrilemma




Conclusions

"Energy Systems Integration (ESI) is an
increasingly important area

"Unless somebody invents extremely cheap
highly efficient storage for electricity ESI is
fundamental to economicintegration of large
volumes of variable renewable energy

"ESlis a megatrendif we are to address
climate change
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Wind & solar PV curtailment in China

Wind and Solar Energy Curtailment Rates by Province in China, First Six Months of 2015
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Flexible CHP can reduce wind curtailment

BAU E-boiler
1000, - - - 1000 - ~

iy,

il

Power (MW)

5 10 15 20
H-storage Both
. . : 1000 . _ .

500

Power (MW)

5 10 15 20 5 10 15 20
Hours Hours

Il Conventional BICHP-1J/ CHP-2lWind B Wind Curtailed  Load

Chen, X., Kang, C., O’Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857,2015.



How they do 1t in China

» Established in Inner Mongolia,
2014, with 20 electric boilers

* 500,000 m? heat supply

* 75 GWh wind power annually,
equivalent to 19,000t coal

* Decrease CO, emission by 68,000t

TN e, S SN e, P

= _ 5

Source: Chongqing Kang, Tsinghua University

Chen, X., Kang, C., O’Malley, M.J., Xia, Q., Bai, J., Liu, C., Sun, R., Wang, W. and Hui, L., “Increasing the Flexibility of Combined Heat and
Power for Wind Power Integration in China: Modeling and Implications”, IEEE Transactions on Power Systems, Vol. 30, pp.1848-1857,2015.



