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Purpose of today’s session

Purpose of today’s meeting is to:

• Discuss options for reducing environmental impact of network activities in ED2, specifically 
with regards to SF6 and PCBs.

• Recap actions assigned at previous meeting, including reviewing case for decarbonisation 
incentive and losses mechanism 

Timings Agenda item

10:00 – 10:30 Introduction/Aims of session

10:30 – 11:30 1. SF6 and PCBs:

a) ENA updates on work carried out so far, key learnings and implications for RIIO-ED2 (led by SSE) 
b) Roundtable discussion on proposed approaches in ED2 (All) 

11:30 - 12:00 2. Environmental reporting:

a) Update on RIGs work and reporting requirements for BPDTs (led by Ofgem) 

12:00 – 12:30 Lunch

12:30 – 13:30 3. Actions from previous meeting: 

a) Behaviours and outcomes we want to see in ED2 and how the extent to which these would be 
realised with current arrangements in place (All, led by NPg)

b) Consideration of what a reputational incentive for losses could look like, and what could be 
leveraged in the existing arrangements eg losses strategy (led by SPEN)

13:30 - 14:00 Actions and next steps



Proposed work plan and timeline for DEWG

• Settle scope of Group, share and agree a ToR & carry out a prioritisation exercise to inform future work (WGs 1 and 2).
• Explore options (for outputs and incentives) for the policy areas under consideration by the Group and the merits and 

drawbacks of these options. Group members should put forward policy options for discussion and review ahead of 
these sessions (WGs 2, 3 and 4).

• Gather evidence and analysis to support and develop options (WGs 5, 6 and 7). As such, options should be brought to 
the Group by middle of March, to ensure sufficient time for consideration. 

Phase 1

Phase 2

Phase 3

In some sessions we may discuss more than one issue area but the aim is to focus on one issue area per session. The above plan 
allows us to discuss an issue area more than once where policy options can be developed over time.  

Dec Jan Feb Mar Apr May Jun/Jul

WG1 WG2 WG3 WG4 WG5 WG6 WG7

Consultation

Phase 1: Scope, ToR, priorities and workplan

Phase 2: Options for RIIO-ED2 policy areas

Phase 3: Supporting evidence and analysis

We are 
here

WG2: Decarbonise networks

WG4: Transition to sustainable low carbon system

WG3: Reduce environmental impact

WG5: Decarbonise networks

WG7: Transition to sustainable low carbon system

WG6: Reduce environmental impact

OAWG*OAWG*



Proposed dates and locations for D&E working group 
sessions
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WG session Date Time Location

1. Introductory session 9 December 2019 10am-4pm Ofgem London offices
(Room 1.11)

2. Group priorities and policy 
options: Decarbonising the 
networks (losses & BCF)

28 January 2020 10am-4pm Ofgem Glasgow offices 
(Rooms 1 and 2)

3. Policy options: Reducing 
environmental impact 

19 February 2020 10am-4pm Ofgem Glasgow offices
(Rooms 1 and 2)

4. Policy options: Transition to 
sustainable, low carbon energy 
system

12 March 2020 10am-4pm Ofgem London offices
(Room 1.09)

5. Evidence and analysis: 
Decarbonising the networks 

2 April 2020 10am-4pm Ofgem London offices
(Room 1.19)

6. Evidence and analysis: 
Reduce environmental impact

23 April 2020 10am-4pm TBC

7. Evidence and analysis: 
Transition to low carbon energy 
system

21 May 2020 10am-4pm TBC
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Item 1: Recap of actions from previous session – Ofgem 
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Action Allocated to Due date

Members to confirm whether there is a conflict 
for them on 2 April

All 7 February 2020

Decarbonisation incentive - scenarios in ED2 and 
how they would fare against current 
arrangements. 

All to contribute to 
this. To be 
coordinated by NPg

Material to be shared 
week prior to meeting, 
12 February 2020

Members to bring ideas to the next meeting on 
what a reputational incentive for losses could 
look like, and what could be leveraged in the 
existing arrangements eg losses strategy

All to contribute to 
this. To be 
coordinated by 
SPEN

Material to be shared 
week prior to meeting, 
12 February 2020

SPEN to send a link to the WSP reports to the 
group

SPEN 7 February 2020

BCF consistency in reporting - ENA work to be 
done on this. DNOs to give an update at the next 
meeting

DNOs through ENA 19 February 2020

Actions from previous session:
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Item 2a: SF6



Energy 

Networks 

Association

ENA Working Group: Impact assessment -
Alternatives to SF6 switchgear
Update for ED2 DEWG
David Nankivell

19 February 2020



SF6 Fluorogas Working Group 9

Overview

The ENA have worked with the member companies to develop a report (currently in draft form) 

that  enables engagement with the European Commission (Re: Review of the F-gas Regulation 

517/2014) as they consider alternatives to SF6-filled MV switchgear with a view to ensuring 

that any F-gas Regulation amendment is sensible and practical for UK impacted companies.  

The ENA engaged with an expert 3rd party (Threepwood) to develop the report. 

The content of report focuses on the assessed impact of a ban on using SF6 for new 

switchgear installations (new non-SF6 switchgear being installed in applications currently 

covered by SF6 switchgear – all voltages). Assessment of the possible effects of a move 

towards the use of SF6-free switchgear at distribution and transmission voltages.

This presentation gives a summary of the initial findings in the report. The report considers 4 

aspects (see next slide)



SF6 Fluorogas Working Group 10

Overview

Asset Population 
Statistics (Population 

of installed SF6

switchgear)

STAGE 1

SF6 Alternative 
Technology Matrix 
(alternatives to SF6 

switchgear for the UK 
market)

STAGE 2

Emissions Analysis 
(Annual SF6 emissions 

versus projected 
emissions with and 
without an SF6 ban)

STAGE 3

Lifecyle Cost Analysis
(Analysis of adopting 

alternative technology 
compared with 

retaining SF6

switchgear)

STAGE 4



Asset Population Statistics

Data from Energy Networks Association (ENA) 

Member Companies for their in-service switchgear 

containing SF6 was collated.

All voltages levels were considered, covering two 

main categories (based on the EU consultation)
 Distribution switchgear - operating voltage ≤ 52 kV

 Transmission switchgear - operating voltage > 52 kV

The total mass of SF6 installed in switchgear is 

currently about 1,300 tonnes. Of this, 15% (circa 

195 tonnes) is installed in distribution switchgear. 
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Asset Population Statistics

15%

85%

Distribution

Transmission

Electrical Switchgear installed 

capacity of SF6 = 1,300 Tonnes



Asset Population Statistics

Distribution switchgear accounts for around 

97% of the total population of 230,730 SF6

switchgear units in service at all voltages

11kV Ring main units (RMUs) account for 

70% of the total population of distribution SF6

switchgear installed.
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Asset Population Statistics

Total population of SF6 switchgear 

units = 230,730

97%

3% Distribution

Transmissio
n



SF6 Fluorogas Working Group Manufacturer Engagement 

Emissions Analysis

 Data for SF6 emissions (e.g. reported under RIIO 

ED1, RIIO ET1) was collated to consider SF6

emitted from ENA Member Companies current 

switchgear

89% of emissions are attributed to transmission 

voltage switchgear.

 For 11 kV switchgear, the SF6 emissions are small per unit -

accounting for only 0.35 tonnes per annum for the whole 

population of this switchgear in GB and Northern Ireland
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Emissions Analysis

9%

89%

Distribution

Transmission

Abnormal
topups

Total SF6 emission from switchgear



SF6 Alternative Technology Matrix

 A review of present and emerging ‘alternative’ switchgear products 

was undertaken. 
‘Alternative’ refers to switchgear technology using alternative electrical 

insulation and switching media to SF6.

During the review, BEAMA and its members contributed to 

discussions and provided information on alternative technologies.

 In general, there are alternatives to SF6 switchgear on the market 

today for all switchgear applications up to 33 kV.

At system voltages of 66 kV and above, manufacturers have been 

developing alternatives and working with end-users with an 

expectation that all major switchgear products will be developed by 

2025.
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SF6 Alternative Technology 

However, even though non-SF6

switchgear alternatives may be 

available, footprint and/or weight 

may limit or prevent adoption in 

some cases. There may also be 

other compatibility, technical or 

safety issues which would require 

satisfactory solutions to be found 

before non-SF6 alternatives could 

be adopted.



SF6 Fluorogas Working Group

 A life cycle cost analysis (LCCA) of adopting the alternative 

technologies, compared with retaining SF6 switchgear was 

undertaken

 8 specific switchgear applications were considered

The LCCA has calculated according to the NPV method, 

using the Ofgem RIIO ET2 Cost Benefit Template version 1.3

The amount of SF6 removed due to replacement of the SF6 

switchgear with non-SF6 types was analysed.
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Lifecycle Cost Analysis



SF6 Fluorogas Working Group

On completion of the LCCA - switchgear application types were ranked in order of increasing 

cost per kg of SF6 emission removed by replacement with non-SF6 switchgear.

Broadly speaking, the cost effectiveness decreases with decreasing voltage level

 In general, 132 kV switchgear replacements are identified as the most cost-effective options for 

removing SF6 emissions.

Replacement of 33 kV switchgear is significantly less cost effective than 132 kV

Replacement of 11 kV switchgear is the least favourable option.
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Lifecycle Cost Analysis
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ED1 arrangements for SF6:

• The SF6 mechanism is a reputational scheme based on a league table of each DNO’s annual SF6

reduction against a baseline. DNOs report:

o Their SF6 ‘bank’ ie total amount 

o SF6 emitted

o SF6 emitted as % of bank 

Justification (RIIO-ED1 strategy consultation and decision text):

• Leak rate threshold may be 1-2%, though as equipment ages leakage rate may increase. 

• There is a concern that SF6 usage on the distribution system is not adequately monitored and 
managed, particularly when considering the potential equivalent carbon impact. 

• We will introduce enhanced regulatory reporting specifically for SF6. We consider that DNOs 
should be preparing themselves for the possibility of increased external obligations and 
reporting on SF6 emissions, such as the proposed amendments to the F Gas Regulations 
2009 and Greenhouse Gas Emissions Regulations 2013 being developed by government. 

How have DNOs performed?

• Performance against SF6 emissions is mixed across the industry: some DNOs continue to make good 
progress, but others have suffered isolated incidents that have increased their overall emissions. 
DNOs also state some changes in performance are a result of changes to reporting methodologies.

• All DNOs have committed to achieving their targets by the end of the price control. 

Key questions for discussion:

1. Is this reputational scheme still fit for purpose in RIIO-ED2?
2. Is additional monitoring required? How can we improve consistency in reporting?
3. What value do consumers attribute to a reduction in SF6? 

SF6: What are the implications for ED2?
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Item 2b: PCBs



Energy 

Networks 

Association

ENA PCB Strategy Update for ED2 DEWG

David Nankivell

19 February 2020
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Background

 In 2014 Environment Agency (EA) mandated that all Network Operators (T&D) Transformers to be placed on 
EA PCB Register. (Guilty until proven Innocent). *

 In 2019 the EU revised the Persistent Organic Pollutant Regulations 2019/1021.

Member States shall identify and remove from use equipment (e.g. transformers, capacitors or other receptacles containing liquid

stocks) containing more than 50 ppm PCBs and volumes greater than 50 ml as soon as possible but no later than 31 December 

2025.”

 Significant impact on UK and Ireland network operators.

 UK legislation allowed Transformers to remain in service until end of operational life. Now this 

changes to a deadline of 31 December 2025. All transformers to be at a limit of 50ppm or less.

 DEFRA currently preparing UK legislation (including Impact Assessment) to enact the revised EU POP 

Regulations.

 Possible Supply Chain issues including equipment and workforce/third party providers.  

*Note different approach in Scotland (SEPA)
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ENA Response

 In 2018 ENA provided DEFRA with total numbers of Transformer population and estimated costs to replace including 

best and worse case scenarios.

 In November 2018 ENA established a Strategic Liaison Group and Technical sub-Group

 Sub group focussing on removing transformers (PMT) from EA register by cohort statistical modelling and to develop 

non-intrusive testing in conjunction with equipment manufacturer's, technology companies.

 Strategic group focusing on development of the ENA PCB Strategy in conjunction with the relevant regulators

 EA also preparing a  Regulatory Position Statement (RPS) – ENA Strategy to be an annex to the RPS.

The key objective is for ENA Member Companies, in consultation with environment agencies, to adopt an agreed approach 

to identify and subsequently remove PCB free equipment from PCB registers and to provide relevant information to allow 

each ENA MC to develop their own strategy for removing PCB contaminated units from their electricity networks to meet 

the 2025 deadline.
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Early Estimations

 Cost Implications –

We estimate that a cost to the industry could be in the region of £828M.

- Time, resource, increased demand on supply chain etc.

- The uncertainty exists because it is currently unclear what proportion of units contain PCBs. Whilst data on past units removed suggests that the 
proportion of units already removed that contained PCBs is below 2%, it is not currently possible to say whether this also applies to the units still 
installed. We have therefore used a conservative minimum figure of 10% for the replacement of Pole Mounted Units. 



 Expect ENA strategy (work of the cohort group) to provide increasing levels of data on the type, number 

and location of assets affected by the POPs legislation and its requirements.  

 Timing in terms of levels of certainty and associated costs will be major considerations.

 Cost implications for meeting the POP regulations and hard 2025 deadline risks driving market related 

cost inefficiencies in the supply and installation of equipment.       

 Consideration needed on how network activities and investments/expenditure as a consequence of the 

POPs legislation are taken into account under the ED-2 framework. 

 The Working Group are asked to note this update and remain cognisant of the need to consider this issue 

when formulating the framework for ED-2.   

23

Potential Implications for ED-2 
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Item 3: Environmental reporting – Ofgem-led
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Item 4: Actions from previous meeting



Decarbonisation incentive

In the previous session NPg presented, and we discussed, whether an incentive could be needed in RIIO-
ED2 to drive societal decarbonisation. For example, NPg’s material highlighted uncertainty surrounding 
wider policy decisions that could impact DNO activities in ED2. In light of this, we assigned an action for 
the group to:

• Develop scenarios to stress test the current arrangements 
• Consider whether the current (and proposed new) arrangements are flexible enough to ensure the 

realisation of the desired behaviours and outcomes?



Decarbonisation incentive



Decarbonisation incentive



19th February 2020

RIIO-ED2 Losses 

Mechanisms



37ENA CEP023 Technical Losses Mechanism Study

Recap from Jan 28th DEWG



38ENA CEP023 Technical Losses Mechanism Study

Potential RIIO-ED2 Losses 

Regulatory Approach

February 19th 2020, Ofgem DEWG

WSP,

ENA Technical Losses 

Working Group



39ENA CEP023 Technical Losses Mechanism Study

Summary

Technical Losses WG – Work Packages

- Impact of the Low Carbon Transition on Losses 

- Potential Regulatory Approaches for RIIO-ED2

- Losses inherent with operation of electricity networks - cannot be eliminated, 

vary by network topology and predominantly driven by customer behaviour.

- Losses cannot be accurately measured.

- Technical losses will increase as we move to a low carbon future.

- An approach consistent with RIIO-T2 reputational approach, recognising that 

there is also opportunity for CBA losses activity is recommended.

Key Findings



40ENA CEP023 Technical Losses Mechanism Study

Complexity



41ENA CEP023 Technical Losses Mechanism Study

Calculating Losses Is Inaccurate

Reported 

Losses

6 – 8%

Annual 

Energy Out 
from 

Settlements

Annual 

Energy In 
from 

Settlements

Small variations in settlement volumes lead to large inaccuracies on losses

• Statutory limits for domestic energy metering is +2.5% / -3.5% accuracy

• Small metering accuracy values appear as a large tolerance on losses

• Different metering systems consume different levels of electricity

• Energy Out Settlement are mix of HH, NHH and UMS (up to 18month process)

Losses are small in absolute terms…

They vary a lot when settlement values vary by a small %.

Actual 

Losses



42ENA CEP023 Technical Losses Mechanism Study

LCT Impact



43ENA CEP023 Technical Losses Mechanism Study

LCT Impact by 2030 – Urban  

The uptake of low carbon technologies will significantly impact losses

• Losses significantly increase due to 

future load growth from EVs & HPs 

• Low uptake generation reduces losses

• High penetrations of actively managed 

generation dramatically increases losses

Impact of 2030 LCT uptake in Urban areas

With

EV & HP

+40%

Existing

+33%

Plus

LV PV

Urban +13%

Plus

DG

+250%

Saturated

DG

HVLV EHV 132kV
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Network Evolution

Smart Solutions increase losses,

reinforcement choices must adequately consider losses

Smart Solutions

• Smart solutions increase network 

utilisation and therefore load and 

losses

• Simulations considered:

• Demand Side Response 

• Alternative Customer Profiles

• Grid Energy Storage

• Comparisons of losses against 

network with traditional 

reinforcement applied
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Regulatory Approach
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International Regulatory Approaches Considered

Cost-Benefit Analysis 
(e.g. CBA tools to justify losses interventions)

2

Mechanism based on measured losses
(e.g. DPCR4 losses incentive mechanism)

3

DNO Procurement of Losses
(e.g. capping losses rate in tariffs)

4

Reputational Incentive
(e.g. score actions to manage / understand losses)

1

Options identified from 

Stakeholder Engagement and Literature Review









Used across Europe, 

would require wide scale 

industry change in GB 

Same issues as DPCR5 

approach which was 

indefinitely suspended

Complimentary 

to both 

incentivise and 

fund 

responsible 

losses activities
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Reputational + CBA approach

Recommended:

Approach for consideration within wider ED2 regulatory framework

1) Reputational Incentive Cost-Benefit Analysis
££

£

Losses activities could be added to 

Environmental scorecard as part of 

Ofgem annual report.

• Performance of DNOs monitored 
against their own Losses Strategies.

• Transparently allows interested 
stakeholders to easily review DNOs 
against their losses obligations. 

Justify losses Strategy activities as 

part of ED2 submission using CBA.

Enhance existing CBAs: 

• Commonality in assumptions using 
ENA Best Practice Guide.

• Review impact of certain variables 
(cost of procuring losses; carbon 
price; societal benefits etc.)
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Conclusions
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Conclusion

Conclusions from assessments of different approaches:

A mechanistic/formulaic approach is not recommended for ED2 due 

to difficulties accurately measuring losses.
1

A mechanism based on procurement of losses is not recommended 

due to the complexity and errors. 
2

Both Reputational and CBA-Based Incentives are recommended 

for consideration within wider RIIO-ED2 framework.
3

The finalised report is available:
http://www.energynetworks.org/electricity/engineering/technical-losses/



SPEN Losses Vision

“Consider all reasonable 
measures which can be 
applied to reduce losses and 
adopt those measures which 
provide benefit for customers” 

SPEN Responses to actions

from DEWG (28 Jan)

Ofgem Questions
a. Members to consider the 

behaviours and outcomes we 
would like to see in ED2 and 
see how those outcomes 
would fare against current 
arrangements

b. Members to consider what a 
reputational incentive for 
losses could look like, and 
what could be leveraged in the 
existing arrangements 
e.g. losses strategy



ED2 Desired Outcomes
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Incentivise the Economic and Efficient
management of losses
• Provide customer benefit
• Focus on characteristics under DNO control

Balance current and future requirements & 
Harmonious with other RIIO incentives
• Not create barriers to low carbon transition or 

network innovation
• Recognise smart / actively controlled networks
• Consider future uncertainties (e.g. LCT, DSO) 
• Encourage losses innovation

Efficient and practical to implement
• Balance between complexity and accuracy
• Recognise metering limitations, smart meter 

rollout, network diversity
• Consistent, traceable and meaningful

Balance

Balance between 

todays and 

tomorrows customers

Harmonious

Harmonious with 

other incentives and 

revenue streams

Efficient

Efficient to operate, 

practical to implement

Incentivise

Incentivise 

economic & efficient 

management of 

losses



License Obligation
SLC 49

ED1 Losses Arrangements
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Existing ED1 license, strategy and reporting arrangements form 
solid basis for refinement for ED2

To maintain losses as 
low as reasonably 
practical

Comply with DNO 
Losses Strategy

Losses Strategy

Losses activities 
including CBA 
justifications

RRP Reporting

Table E4: Losses 
driven activities

Table E3: BCF

Losses 
Discretionary 

Reward
Availability of up to 
£32m to encourage 
DNOs to better 
understand and 
manage losses

Complex boundary 
between Strategy and 
LDR.

Potential overlap 
between LDR and 
innovation.

Much greater 
stakeholder info 
available than in D5.



RIIO-2 Approach  (RIIO-ET2)
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SPEN ET2 losses proposal

Propose a similar approach as RIIO-ET2:
Integrate reporting of losses activities within the
Environmental Action Plan and annual reporting 

Environmental Action Plans “draw together the direct 
carbon impacts claimed in Investment Decision Pack and list 
where carbon reduction” is:

1) the main driver of the proposal

2) contribute to a substantial part of benefits

Ofgem, RIIO-2 Business Plan Guidance  (31 Oct 2019)

Appendix 2: Environmental Action Plan



License Obligation
SLC 49

Proposed ED2 Losses Arrangement
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Simplify RIIO-ED2 by aligning reputational incentive with 
other Environmental drivers and RIIO-2 sector guidance.

To maintain losses as 
low as reasonably 
practical.

Comply with DNO 
Losses Strategy

Losses Strategy

Losses activities 
including CBA 
justifications

RRP Reporting

Table E4: Losses 
driven activities

Table E3: BCF

Reputational Incentive

Strategy activities in 
Environmental 
Action Plans.

Annual report to 
monitor DNO 
performance 
against strategy 
commitments.

Losses included in: 

1) Environmental 
Action Plans, and 

2) Environmental 
Scorecard as part of 
Ofgem annual report.

Move LDR activities to 
Losses Strategy and 
Innovation Allowances.

Refine ED1 Approach



Examples ED2 Losses Activities
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Approach should incentivise and fund the economically 
efficient management of controllable losses

Example Description & Handling

Increased conductor size & 
lower loss transformers for 
new schemes.

• Customer benefit demonstrated through whole-life CBA in Losses Strategy.  

• Activity funded via increased unit cost regardless of activity

• Annual reporting of volumes of lower loss equipment including estimated losses savings.

Early replacement of high 
loss transformers

• Customer benefit demonstrated through whole-life CBA in Losses Strategy.  

• Activity funded via Totex reported under Losses activity.

• Annual reporting of progress vs. plan including estimated losses saving.

Losses optimised 
reinforcement scheme.

• Customer benefit demonstrated through whole-life CBA in scheme’s engineering justification.  

• Activity funded and reported via load  related activity. 

• Annual reporting of activities and description of benefits.

Losses optimised network 
operation

• Customer benefit through whole-life CBA within Losses Strategy e.g. Project LEAN.

• Activity funded via Totex (CV21) with annual reporting of activities and benefits.

Stakeholder engagement to 
reduce non-technical losses.

• Qualitative justification within Losses Strategy. 

• Annual reporting of activities and description of benefits.



Overview of Process
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Business Plan 
Submission

• Losses Strategy

• Summary of Losses 
Strategy included in 
EAP

• CBA justification 
within Losses 
Strategy

• Losses as a  
component within 
wider CBA.

Ofgem  Determination

• Ofgem Assessment 
of Losses Strategy 
& EAP.

• Losses Strategy 
subject top 
potential 
adjustment.

• Funding for in-
period Losses 
activities via Totex
allowances.

Annual Reporting, 
Scoring & 
Accountability

• DNO annual report 
on Losses within 
Environmental 
Activities

• Ofgem scoring of 
activity against 
DNO commitments

• Losses Strategy 
Accountability 
within Losses 
Licence Condition.

Approach should incentivise and fund the economically 
efficient management of controllable losses



How could the reputational incentive work?
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SPEN: Similar to ED1.

SPEN: Greater visibility of 
Losses performance.

SPEN: Greater visibility and DNO 
comparability pending 
development of qualitative vs 
quantitative areas.
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Additional material



Visual amenity – Undergrounding of AONBs and NPs

Fluid filled cables and Noise reduction

Key questions:
1. Should DNOs continue to deliver mitigation outputs in protected areas in ED2?
2. If so, how should this be funded and how should the amount of money available for delivering 

these outputs be set?
3. How should the scheme operate? Should DNOs submit funding requests during the price control 

or should they consult stakeholders on specific projects (and expenditure) as part of their 
business plan development? 

Items still to be discussed

Key questions:

1. How have these outputs driven business practices and performance? 
2. How can we improve consistency in reporting?
3. Consideration of the relationship between oil leakage and refurbishment vs replacement works, 

and between oil leakage and the weather

Environmental EAP scope

Key question:

1. To what extent does the ET2 EAP capture what DNOs should be considering in ED2?

• Between now and late March, we will be discussing and evaluating options for consideration 
and inclusion in our Methodology Consultation in summer. 

• We covered the below areas briefly in our first session. Get in touch if you would like to 
include something on the agenda for one of these working groups.




