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WHAT IS CIGRE?

 Founded in Paris in 1921 as a worldwide non-profit association.

 CIGRE addresses issues related to the development, operation and 
management of electric power systems as well as design, 
construction, maintenance and disposal of equipment and plant

 CIGRE aims to promote and organize collaboration with experts 
from all around the world, by sharing knowledge and joining forces 
to improve the electric power systems of today and tomorrow

Unbiased, trusted, collaborative, open, breadth and depth of 
expertise

Conseil International des Grands Réseaux Électriques

(International Council On Large Electric Systems)
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7729 individual members
from 90 countries in 2013

58 National 
Committees

1123 collective members
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Worldwide Network of Experts
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Key Assets of CIGRE

 Study Committees

Working Groups

 Events

 Publications

 Young Members Activities

 Student Membership
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WORKING GROUPS

230 Working Groups produce between

40 and 50 Technical Brochures per year

Technical Brochures
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CIGRE EVENTS …
2009

2010
2011

2012
2013

2014

• Paris 
Sessions

…
2009
2010

2011
2012

2013
2014

• Symposia

Calgary (CA)
Guilin (CN)

Bologna (IT)
Recife (BR)
Lisbon (PT)

Auckland (NZ)

• Colloquia & Regional events



UHVNET 2016

Transition and the Energy 
Trilemma

13



UHVNET 2016



UHVNET 2016

Growth and Transition
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Energy Challenge…

Network Flexibility

https://www.eonenergy.com/for-your-home/saving-energy/Smart-meters/Understanding-smart-meters
https://www.eonenergy.com/for-your-home/saving-energy/Smart-meters/Understanding-smart-meters
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ENTSO-E
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U.S. View
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Power system of the future
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2011
Region

Population without 
electricity 
millions

Electrification 
rate
%

Urban rate

%

Rural rate

%

Developing countries 1,257 76.5 90.6 65.1

Africa 600 43 65 28

North Africa 1 99 100 99

Sub-Saharan Africa 599 32 55 18

Developing Asia 615 83 95 75

India 306 75 94 67

Rest of developing 
Asia 309 87 95 80

Latin America 24 95 99 81

Middle East 19 91 99 76

Transition economies 
& OECD 1 99.9 100.0 99.7

World 1,258 81.9 93.7 69.0
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A long way to go

4%

9%
12% 13%

17% 18%
20%

28% 28%
31%

48%

57% 57%
59%

61%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Access to electricity (2010)
Source: SE4ALL Global Tracking Framework (2013)



UHVNET 2016

Key Themes

Uncertainty

Renewable Integration

Interconnection & Bulk Transportation

Storage

“SMART” T&D

Sustainability & Environment

Sophisticated Asset Management

Standardisation; view to 2030
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Uncertainty
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Predicting the future
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UK scenarios

 Consumer Power is a world of relative wealth, fast paced research and 
development and spending. Innovation is focused on meeting the needs of 
consumers, who focus on improving their quality of life.

 Gone Green is a world where green ambition is not restrained by financial 
limitations. New technologies are introduced and embraced by society, 
enabling all carbon and renewable targets to be met on time.

 Slow Progression is a world where slower economic growth restricts market 
conditions. Money that is available is spent focusing on low cost long-term 
solutions to achieve decarbonisation, albeit later than the target dates. 

 No Progression is a world focused on achieving security of supply at the 
lowest possible cost. With low economic growth, traditional sources of gas 
and electricity dominate, and little innovation affecting how we use energy.
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Transmission system demand
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What Makes a Good Project?
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Renewable Integration
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Integration of renewables

Coping with intermittency

Changing power flows, congestion . . . .

Market models

Incentives for holding conventional reserve

Wide(r) area protection, monitoring & control

Cross border coordination to balance resources

Offshore technologies

Interconnections & storage
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Predicted Growth in Variable 
Renewable Energy
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The problem and the solution



UHVNET 2016

Solar exploitation
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Interconnections & 
Bulk Transportation
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Bulk transportation & 
Interconnection

 Connect remote generation to load

 HV technological advancements
 Higher voltages
 Corridor usage

 Materials
 Field grading

 Testing techniques

 Greater integration

 System resilience to loss of connections

 Standardisation

N. Hayakawa, 2014
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HVAC for 1100/1200kV

41



UHVNET 2016

HVDC, DC Grids & Power 
Electronics

HVDC converters of larger capacity

 Increasing voltages; 800kV to 1100kV

Higher power ratings; 6000MW to 10,000MW

 Increasing capability of VSC

Multi-terminal HVDC

DC switching: circuit breakers, VSC blocking . . . 

Materials for & design of DC GIS & GIL

Polymer (XLPE) cables for higher voltages

Fast, discriminating protection schemes for multi-terminal

Control of HVDC embedded in parallel with AC network

Standardisation & interoperability

Offshore installation vessels and techniques
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VSC advances
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European interconnected grid
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Africa

Vast potential

Interconnection required

Rural remote areas need solutions

Western Grid vs

Nigeria 
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The WAPP network in 2020

Source: World Bank

WAPP 2020
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Limitless Ambition

47



UHVNET 2016

Storage
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The Vision



UHVNET 2016

Present day reality
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SMART T&D
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SMART & Microgrids
Migration from passive to active distribution, two 

way power-flows

Merging of transmission, distribution & customer

Smart meters & associated communication

Wide area control, supervision, protection

Network & control centre architecture

Data security, cyber security

Customer engagement & choices

Many, many participants

Off-grid systems (rural electrification)

LVDC networks
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From this . . . . . . . . . .  .to this
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Smartgrid vision
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Gasado Island Microgrid
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Operating uncertainty (1)
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Operating uncertainty (2)
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Operating uncertainty (3)
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Operating uncertainty (4)
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Wide area architecture
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Evolution of wide area technology
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Sustainability and 
Environment
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Sustainability

 Global environmental trends

 Renewable sources (hydro, wind, PV, wave)

 Ongoing role of fossil fuels – efficient/clean

 Reduced wastage & energy efficiency

 Transport energy rather than fuels

Material choices

 Biodegradable, fire retardant, field grading

Managing public impacts & perceptions

 Climate change/Climatic extremes

 Assessment methodologies

 SF6 management & targeted elimination
 SF6 free equipment
 Best practice management of inventory
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Lifetime impact of SF6 leakage
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Things that are not SF6
68
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Requirements for non-SF6 
solution
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SF6 alternatives

Financial 
incentive of 
~£550 per kg 
lost or 
retained 
against target
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Amenity
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OHL design
 Compact and high capacity overhead lines in the 

existing corridors.

Hybrid AC & DC lines

AC to DC conversion

New conductors, insulators etc
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Pylon design competition

 Winning entry: T-pylon

 We want to offer choice of 
tower types (including T-
pylon) to local communities

 Working with designers on 
challenges:

 Construction and safety

 Reliability and 
maintenance

 Need for angle tower
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T-pylon design & development
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Just put it underground……
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Sophisticated Asset 
Management
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Asset Management
Asset management is the coordinated activity of an 

organization to realize value from assets

Right action, right place, right time
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Asset Management Maturity 
Model

‘Interval based’

(e.g. maintain at a set 
interval, replace at asset 

life)

‘Condition based’

(e.g. maintain/replace 
based on condition)

‘Reactive based’

(e.g. repair/replace on fail

‘Risk & Criticality based’

(e.g. maintain/replace 
assets with the highest risk 
and greatest importance)

Increasing maturity of asset management
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Some Challenges

Asset 

Management 

Challenges

Network 

Availability

Knowledge 

Experience 

Deficit

Regulation

Ageing Assets 

and Risk 

Mitigation

Climate 

Change

Technology
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My
Holidays
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Traditional solutions
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Diagnostics, monitoring, assessment

• Enable prediction of the time to intervene and 
give guidance on intervention required

• Tailored to the asset, material or application

• Useful & usable information

• Timely indications to permit planning

• Integration into business processes

• Cost effective for both small & large fleets

• Informed by historical data, live operational 
state, R&D, known design issues . . . . . .etc

•
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Interpretation & application
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Predictive techniques
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Asset Risk
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Asset Health Index

Lead assets: OHL (conductor & fittings), transformers, cables, circuit 
breakers, reactors

Generic life limiting factors for asset replacement
Condition – based on latest view given condition assessment/other 

data for individual unit or family
Family design weaknesses
Compliance with Legislation
Health and Safety performance
Equipment performance identified as inadequate in a system 

incident or formal investigation
Reduced equipment capability (condition affects capability)
Obsolescence
Refurbishment isn’t an option or has not been undertaken
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Asset Health of a Population
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Criticality

• System Criticality
– Impact of transmission system not delivering services
–Developed in conjunction with GB System Operator

• Safety and Environmental Criticality 
– Consequence of failure or unreliability
– Risk of direct harm to public/personnel as a result of failure
– Environmental impact of asset unreliability or failure taking 

into account the sensitivity of the geographical area local to 
the asset.

– Asset (location) specific 
–Derived where there is considered to be a material impact of 

asset failure/unreliability 

89
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Prioritisation

Higher Criticality

Worse

Condition
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Getting it 
wrong

91



UHVNET 2016



UHVNET 2016



UHVNET 2016

Standardisation
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Standardisation

Value to Utilities and Manufacturers

UHV AC 
Good co-operation between IEC & CIGRE

HVDC

Testing (confidence in performance, electrical 
mechanical, environmental . . . . .)

Compatibility

Interoperability

Risk of limiting innovation
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