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Keeping the lights on in a changing energy system 

Or: The Role of Storage in Energy System Flexibility” 

Bagdad Battery, 227 to 126 v. Chr. Leidsche fles, 1746 

Varta Battery, 1907 

Rittersche Säule, 1802 
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Content 

 DNV GL introduction 

 Energy system flexibility, security, standards   

– Flexibility 

– Security 

– Standards 
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DNV GL 
Introduction 
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Highly skilled people across the world 
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17,100 
employees 

300+ 
offices  

100 
countries 
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The DNV GL Group 
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Maritime Oil & Gas Energy 

 
Headquartered in  

Hamburg, Germany 
 
 
 5,600 employees 
 80 countries 

 
Headquartered in  

Høvik, Norway 
 
 
 5,800 employees 
 30 countries 

 
Headquartered in 

Arnhem, 
Netherlands 
 
 3,100 employees 
 30 countries 

 

Business Assurance 

 
Headquartered in  

Milan, Italy 
 
 
 2,000 employees 
 50 countries 

 

 

DNV GL Group  
Headquarter: Oslo, Norway  
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An energy technology powerhouse 
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Offshore wind 
Strong expertise in offshore 
wind, its support vessels and 
connection to the electricity grid 

Innovation 
Strategic research in energy 
storage, smart grids and super 
grids; developments of new 
standards through joint industry 
projects 

Testing 
Global leader in testing, 
inspecting and certifying high-
power and renewable energy 
equipment with world class 
laboratories 

Expert advice 
In onshore and offshore wind 
power, solar, smart grids, super 
grids, infrastructure resilience, 
energy markets,  regulations and 
use 

Power player 
A strong player across the value 
chain: renewable and 
conventional power generation, 
transmission & distribution and 
sustainable energy use 
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Combined strength to support Energy customers 
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3000 energy experts help customers 
throughout the electrical power industry 
realise efficient, reliable and clean 
energy for today and the future 

*Renewables Certification services are offered separate from remaining services to ensure impartiality 
and to fulfil accreditation requirements of DIN EN ISO IEC 17065:2013  

* 
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DNV GL – Energy: An energy technology powerhouse 
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10  
 
laboratories incl. 
world’s largest  
high power and  
high voltage test lab 

Largest 
 
independent 
technical advisor on 
renewable energy 
 

3000 
 
independent energy 
experts 

90 
 
years experience, 
including 30 years  
in energy efficiency 
and wind energy 
 
 

No. 1  
 
in high power and 
high voltage testing 

25 
 
Leading certification 
body with over 25 
standards and 
guidelines published 
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Energy system flexibility, security, 
standards   
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The World of Energy: Six major trends 
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1. Increased electricity demand 

2. Environmental responsibility or 
stewardship 

3. Declining fossil fuel supplies 

4. Aging assets and workforce 

5. Advancing technology, e.g. 
ICT 

6. Maintaining reliability 
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The scale, and the priority of our business is shifting (1) 

Supra-nationalisation 

 cross-border energy exchange 

 interconnection capacity 

 in Europe: industries cooperate at 
transnational level 
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2050 
Total Transmission Requirements Assuming 80% RES & 
20% DR 
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The scale, and the priority of our business is shifting (2) 

Decentralisation 

 local energy (DG) 

 new initiatives from small  
companies, citizens,  
and municipalities 

 innovative business models 
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Supra-nationalisation and decentralisation develop in parallel 
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Three parallel trends in European power sector 

 Decentralization: large amounts of distributed generation (DG), new entrants in 
the energy market (often SMEs); new ways of cooperation; participating end-users 

 Europeanization: mergers and acquisitions; power plants at remote distance from 
load centers; cross-border power flows 

 Requirement to have an affordable,                                                                    
reliable and sustainable grid 
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Affordable 

2012 2050 
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The Electricity challenges of 21st century can be countered by 
various solutions,…. 

Keeping up with a changing energy world: 
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 T&D Grid: 
Balancing supply & 
demand without outage 

Solar & Wind: 
Intermittent 
production 

 

CHALLENGE: 
FLEXIBILITY! 

regulation capacity for mismatch between production and demand 

• Increase plant regulation 
 

• Strengthening grid 

Conventional: 
Less income due 
to decrease in 
production 

 Electricity demand: 
Increased share in energy mix 
  - Heating (HP, CHP) 
  - Mobility (EV, PHEV)   

 

• Demand side response 
 

• Storage 
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Is there a market for Energy Storage? 
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Energy system flexibility, security, 
standards 
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What happens to the light when the suns starts 
shining? 
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http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=2y7m_helr1SEIM&tbnid=DGtJsR0ufmknnM:&ved=0CAUQjRw&url=http://energyathaas.wordpress.com/2013/07/29/whats-the-point-of-an-electricity-storage-mandate/&ei=nY10U4qHJvL0yAO5toD4Cg&bvm=bv.66699033,d.bGQ&psig=AFQjCNEya5Rnp1qKDD7-cv8MH29kCwEvvA&ust=1400233738121834
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10 / 50 kV 
regional transport 

 
DSO 

 
medium voltage 

 
 

Electricity grid and storage: potential applications 

19 

large  
scale  
production 

International  
connections 

Transmission grid 

industry 

220 / 380 kV 
Interregional transport 

 
TSO 

 
110 / 150 kV 

Regional transport 
 
 

bio fermitation 

combined heat power 

wind park 

distribution grid 

400/ 230 V 
 

Low voltage 
 

consumer 

industry 
business 

Local RES 

Railway 

marine 

large scale RES 

http://www.123rf.com/photo_7058000_modern-hi-rise-corporate-office-building-with-glass-exterior-over-a-white-background.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_7734145_flag-of-european-union.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_15593755_house-with-solar-cells.html
http://www.123rf.com/photo_9940830_abstract-eco-green-plant-with-soil-vector-illustration.html
http://www.123rf.com/photo_16774085_house-energy-saving-concept.html
http://www.123rf.com/photo_10054737_high-speed-train-concept-isolated-on-white.html
http://www.123rf.com/photo_9923680_white-paper-boat-folded-origami-concept.html
http://www.123rf.com/photo_9320788_red-factory-3d-icon.html
http://www.123rf.com/photo_12305856_wind-energy-concept.html
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e-bike  
+ PV 
 

HEMS + PV 

Marine  
- Large vessels 
- Barges 

10 / 50 kV 
regional transport 

 
DSO 

 
medium voltage 

 
 

Wind  
(grid support) 

Electricity grid and storage: potential applications 

20 

large  
scale  
production 

International  
connections 

Transmission grid 

industry 

220 / 380 kV 
Interregional transport 

 
TSO 

 
110 / 150 kV 

Regional transport 
 
 

bio fermitation 

combined heat power 

Railway 
Grid support 

wind park 

distribution grid 

400/ 230 V 
 

Low voltage 
 

consumer 

industry 
business 

Local RES 

CES (island) 

Railway 

marine 

Utility 
vehicles 

Pumped 
Hydro Secondary  

reserve 

Primary   
Reserve UPS 

large scale RES 

Wind  
(grid support) 

http://www.123rf.com/photo_7058000_modern-hi-rise-corporate-office-building-with-glass-exterior-over-a-white-background.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_7734145_flag-of-european-union.html
http://www.123rf.com/photo_12481006_image-factory-in-isometric-projection-on-a-white-background.html
http://www.123rf.com/photo_15593755_house-with-solar-cells.html
http://www.123rf.com/photo_9940830_abstract-eco-green-plant-with-soil-vector-illustration.html
http://www.123rf.com/photo_16774085_house-energy-saving-concept.html
http://www.123rf.com/photo_14767404_3d-people-human-character-leadership-and-team--this-is-a-3d-render-illustration.html
http://www.123rf.com/photo_10054737_high-speed-train-concept-isolated-on-white.html
http://www.123rf.com/photo_9923680_white-paper-boat-folded-origami-concept.html
http://www.123rf.com/photo_9320788_red-factory-3d-icon.html
http://www.123rf.com/photo_12365345_abstract-dam-in-an-stylized-landscape-3d-render-isolated-on-white.html
http://www.123rf.com/photo_7832297_3d-representation-of-an-electric-car-isolated-in-white.html
http://www.123rf.com/photo_12305856_wind-energy-concept.html
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…systems are being deployed at small sizes. 
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…, and also at a large scale. 
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Central vs. Distributed Bulk Storage 
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BOTH central and distributed resources will play a role in future grids but 
aggregated fleets of distributed storage units will dominate the market: 

1. Startup cost is lower (gradual investment)  

2. Shorter waiting (construction) time 

3. Higher reliability of electric service (backup power) 

4. Redundancy (unit outage less critical to grid 
operations) 

5. Higher flexibility (responsive to local needs) 

6. Higher resiliency (hard to totally shut it down and 
quick to recover) 

7. Higher synergy with transportation batteries 

EXCEPTION: Certain countries are geologically ideal for large central pumped 
hydro or Compressed Air Energy Storage (CAES)   
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Energy system flexibility, security, 
standards 
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Energy Storage Market Situation 

 Present situation:  

– Increasing demand for Grid-
Connected Energy Storage Systems 

– Increasing attention to safety, 
operation and performance 

 

 Survey in 2014 amongst electric 
utilities, storage vendors and other 
stakeholders. Outcome survey: “Lack 
of clarity on applicable standards for 
grid-connected energy storage 
systems” 
– Difficulty proving the validity of a system 

– Risk for sector as a whole 
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 Global activities: e.g. 

– IEC TC 120 

– NEN 

– DOE / Sandia 

– … 
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Linking developments in ES recomm. practices / standards (1) 
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Linking developments in ES recomm. practices / standards (2) 
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Desk study: existing standards 
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Desk study: existing standards (2) 

“There are already many standards, and together they cover all relevant 
aspects of grid-connected energy storage.” 
 

Well…No: 

 No single standard that comprehensively covers and links all aspects relevant for 
grid-connected energy storage (fragmentation) 

 Unclear or impossible to combine ~100 standards into 1 comprehensive standard 
– Wildly differing scopes 

– Difficult to read/understand  

– Difficult to get overview, know and choose from all standards 

 A standard may address an aspect (“X”), but may not cover it completely 

 A standard may address an aspect (“X”), but may have a low quality for it 

 Gaps exist: some aspects are not or insufficiently covered 

29 
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What is needed to move standardization forward? 

 A guidebook that allows new adopters to easily understand the steps that need to 
be taken in order to install storage systems 

 One framework standard for grid-connected energy storage 

 Gaps filled: addition/expansion with newly written guidelines where needed 

 Comprehensive and complete 

– System-level approach, but including components 

– Addressing issues from an international perspective 

– Created specifically for grid-connected energy storage 

– Created by international industry-wide consortium (independent, unbiased) 

 Recommended Practice: freely accessible, well maintained, updated and delivered 
to the market quickly 

30 
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Joint Industry Project on Grid-Connected Energy Storage 

 DNV GL setting up & coordinating an open source Joint Industry Project (JIP) 
to facilitate / stimulate optimal and safe implementation of Energy Storage 

 

 JIP consortium of approx. 10 to 15 participants 
– End-users (DSO, TSO, utilities etc) 

– Energy Storage system integrators, suppliers 

– Regulators 

 

 Deliverables: Recommended Practice(s) on grid-connected energy storage 
– guidelines and methods to evaluate, assess and test safety, operation and performance of 

grid-connected ES 

– taking into account worldwide accepted regulations and best practices like ISO, IEC and 
IEEE standards 

 

 Global approach: US, EU, APAC and ME 

31 
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Take Home Messages 

 The future energy system will have an increased requirement for flexibility 

 

 Storage can improve system security, both on (inter)national and decentralized 
level 

 

 Standardization is required to enable the safe and sustainable implementation 
of energy storage systems 
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SAFER, SMARTER, GREENER 

www.dnvgl.com 
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Rob.vanDijk@dnvgl.com 
+31 26 356 32 39 

Jillis.Raadschelders@dnvgl.com 

+31 26 356 2463 
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