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Flexible Connections – Considerations, Risk and Issues

Summary

WS6’s DG/Storage group has initiated a discussion around Distributed Generation Flexible connections, through which DG customers receive a connection offer from the network operator detailing a time-restriction or dynamic capacity-management restriction in order to facilitate a connection to a constrained area of the network.  This paper addresses the following questions:

· Should DNOs (and DUoS customers) bear some of the financial risks associated with curtailment of DG? What level of risk should they bear?
· What other methods of risk mitigations are there available to connectees who opt for a Flexible Connection?
· What happens when reinforcement is triggered at a later date? Should existing DG customers on flexible contracts pay a portion of the cost? What mechanism should be used to set the level of contribution?

In considering the first and second of these issues, the group identified four scenarios under which DG customers may connect to the distribution network. The first is a traditional ‘firm’ connection. The second is a simple flexible connection with no mechanism for sharing curtailment risk. The third and fourth scenarios represent possible risk mitigation mechanisms which might emerge in conjunction with flexible connections in future. This paper considers the risks, costs and benefits of each scenario. It also considers the potential barriers and enablers for the scenarios. This sub-group proposes to carry out further work to develop recommendations for putting enablers in place/ removing barriers to the scenarios identified. 

In relation to the third question, the group also considered how and when reinforcement might be triggered and paid for in areas where DG customers have connected on flexible contracts. The annex to this paper presents an example mechanism for how DG on flexible contracts could contribute to the reinforcement costs as their connection becomes firm.
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[bookmark: _Toc412127369]Background on Flexible Connections
In order to comply with its existing licence obligations, the DNO offers terms for connection with a generalised right of network access (unless specifically requested otherwise by the customer), which would typically allow for unconstrained access to the requested import and export capacities under normal (intact) network conditions, including any need to upgrade or reinforce the network if applicable. Although in the years leading up to ED1 only 5% connections required network reinforcement, where it is required, the cost is shared between the connecting customer and DUoS customers as a whole.[footnoteRef:1] [1:   NB. Where new connections have triggered reinforcement, DUoS customers have paid around 70% of the reinforcement cost. However, the non-reinforcement elements (ie the sole-use assets) are paid for entirely by the connecting customer.] 

When a Distributed Generator (DG) requests a connection to a constrained/saturated area of the distribution electricity network, the DNO can offer a flexible connection. Under these schemes, these DG customers receive a cheaper and earlier connection.  In return, they accept they will be subject to curtailment, e.g. real-time reduction of the generator’s output depending on the network’s operating conditions. This arrangement delays or avoids additional reinforcement work, meaning that flexible schemes potentially benefit both DUoS customers and DG compared with traditional schemes. 
Flexible schemes have been used as a facilitating mechanism to allow more generation onto the existing network. However, uncertainty in the level of curtailment experienced during operation of flexible connections introduces a level of risk to DG developers and may act as a barrier to financing generation projects. Flexible connection offers must also comply with the rules governing the allocation of renewables support under Contracts for Difference, where such support is sought.

1. [bookmark: _Toc412127370]Forecasting future curtailment levels 
Forecasting with a good level of accuracy future curtailment levels in the networks is a difficult task, due to the uncontrollable factors such as:
· Constraint management system not performing as expected.  
· Significant changes to the input assumptions of the curtailment estimate that are not within the control of the DNO and are difficult to predict, including:
· Load growth 
· Load drop 
· Growth of DG, i.e. micro-generation
· Profile of generation and demand modification (due to intro of storage for example)
This introduces a level of uncertainty for both generation customers and DNOs. For generation customers the risk is both revenue loss and higher borrowing costs for future projects. For a DNO, the risk of curtailing customers more than envisioned is largely reputational (both in managing the customer’s expectations and in providing a good service broadly).


2. [bookmark: _Toc412127371] Scenarios and distribution of risk/costs and benefits
If the customer requests a connection to connect within a constrained part of the network, there are several ways to address the risks. Four scenarios have been identified and are analysed below. 
[bookmark: _Toc412127372]Scenario 1: Traditional non-flexible connection  
The DNO analyses the available ‘headroom’ in the network for the type of generation wishing to connect and, in accordance with engineering guidelines and principles, offers the most economic, coordinated and efficient connection design for the generator. No operational network constraint is imposed by the DNO during intact conditions, and generators may export up to their full registered export capacity, in accordance with their business requirements and physical restrictions such as plant availability and load factor.

· Risks / costs:  
For the generator: Cost of connection can be high if reinforcement to the network is required, and resulting connection timescales can be long, taking months or even years to reinforce existing assets or build new lines.  Given the longer connection lead times, projects can face delays and changes to their financing arrangements. Also, market conditions could vary while waiting for a connection and this may significantly alter the project’s value.  High connection costs themselves can simply make the project economically unviable. 
For the wider market: Too many saturated network points can limit the growth of generation, adding risk to national generation margins (energy security) and restricting competition in the generation of electricity. This risk is particularly relevant to project developers that are required to locate within a particular geographical area such as community projects.

· Benefits: 
For the generator: No constraint expected to their output from a networks point of view, hence greater certainty of forecast output which assists with securing project finance.

[bookmark: _Toc412127373]Scenario 2: Flexible connection, no compensation
In this scenario, the DG customer is offered a flexible connection with scenarios of forecasted curtailment. Connection costs and times to connect are lower than those required for scenario 1 which is the incentive for developers to consider this alternative. Such flexible connections are being used at the moment by a number of DNOs in certain locations, although not always with forecasted curtailment. Active Network Management (ANM) techniques are being used to curtail the generators’ output in real-time when necessary to keep the system within acceptable operational parameters.
It is expected that over time the curtailment forecasting methods can be improved and standardised to limit curtailment risk and better enable new projects to secure financing.

· Risks / costs:  
For the generator: Estimated curtailment levels are given by the DNO to the generator using best efforts at the time of making the offer, covering more than one future scenario; however these forecasts are nonetheless not contractually guaranteed. Actual curtailment can vary relative to forecast issues described above. This additional degree of unpredictability (beyond normal plant variations and market conditions) adds a layer of complexity and risk to DG projects , which adversely impacts the availability and terms of project financing.
For the DNO: If the level of curtailment is much higher than the amount predicted at the time of connection, there is a risk of reputational damage and challenge by generators. Also, the absence of a compensation payment means that there is no locational investment signal and therefore no trigger to invest to relieve the constraint.
For the wider market: financing risk arising from uncertain outturn curtailment levels increasing the cost of new projects, potentially inhibiting new generation.

· Benefits:
For the generator: cheaper and earlier connections that may allow projects to become economically viable, which would otherwise not progress under scenario 1.
For the DNO: Providing the customer with a viable alternative allows DNOs to provide improved customer service; allows DNOs to make better use of existing assets. 
For the wider market: More generators can be accommodated and sooner, compared with scenario 1, better facilitating competition in generation. 

[bookmark: _Toc412127374]Scenario 3: Flexible connection, with a ’cap’ (compensation)
As in scenario 2, a flexible connection is offered, but there is a cap to the level of curtailment to the generator, above which a financial compensation is paid. The cap would be intended to provide a backstop position, and not to guarantee a particular forecast. The methodology for defining the level of the cap would need to take into account a number of significant factors, such as the curtailment forecast scenarios and the cost of the appropriate network reinforcement which would otherwise have been triggered by providing an unconstrained connection.  The cap should be set at a level that reflects the benefit received both by DUoS customers and by the connecting DG, notably through avoiding network reinforcement costs. 
The concept of compensation for lost energy production makes the issue of measuring lost output very important. One solution is for generators with these types of connection to provide a power available signal, such as is already used in Ireland, and such has been agreed to be included in GB Grid Code[footnoteRef:2]. Such a signal can be validated against the metered output in unconstrained conditions to verify accuracy. A financial value can then be ascribed to the constrained lost energy, either under prevailing market conditions, such as for example the relevant Contracts for Difference strike price, or potentially to an agreed up-front unit price.  [2:  Grid Code Modification Proposal GC0063.] 

In concept, the cap encourages good forecasting and encourages DNOs to maximise availability of the system. Furthermore, the constrained lost energy could potentially act as a locational signal for network investment. 
However, there will be issues beyond control of the DNO which can cause excessive constraint which, on the face it, would be compensated under scenario 3. One such example could be a rapid proliferation of micro-generation, whereby an area of previously uncongested network is rapidly and unexpectedly filled up. All compensation costs would need to be appropriately recovered or funded.  Funding options could include using avoided reinforcement costs that DUoS customer would otherwise have paid under a firm connection scheme. Alternatively, the DNO could charge a premium to all flexible connections customers to recover the costs.   Further research is required to explore how the level of capped constraints and compensation could be determined and to demonstrate the net benefits of this approach. However, any cap and compensation scheme should not result in DNOs incurring greater costs on behalf of DUoS customers than would have been the case under a traditional non-flexible connection.

· Risks / costs:  
For the generator: There is potentially an incentive for DNOs to forecast a very high level of curtailment, to mitigate forecasting risks. This could drive up the cost of connections and reduce the value of projects. The generator needs to invest in appropriate communications systems to enable instructions to be received, acted upon, confirmed, and recorded.
For the DNO:  DNOs are put in a position where they have to run the risks of forecasting variables that are not within their control as described above. Unforeseen compensation payments would drive up the network costs which ultimately are paid for by the customers.  
For the wider market: Although this scenario reduces the financial risk for the DG customer, it does not physically solve the problem of constrained networks areas; therefore any additional generation permitted under this scenario compared with scenario 2 may be limited if permitted to connect at all. Another risk is reputational: it could be perceived by customer groups that generators are ’paid for not generating’, and that the customer is perceived to be paying these costs. There are precedents in transmission for this kind of concern.

· Benefits:
For the generator:  A visible and capped constraint risk allows generators to better obtain project finance.  The development of non-firm projects and associated building up of funds for grid reinforcement would remove the cliff edge currently faced in areas of congested grid and address some of the concerns around current deep(er) charging for connections.
For the DNO: A better level of customer service would be perceived by the generators; any increase in connections above scenario 2 may be viewed as better facilitating competition in generation.
For the wider market: Competition is encouraged in that more generators may connect than in either of the previous scenarios. The risk premium added to generators under scenario 2 is capped, which could lead to lower generation costs.

[bookmark: _Toc412127375]Scenario 4: Flexible connection, with a benefit transfer
Scenario 4 involves a more market-based mechanism with a view to solve the physical constraint. Curtailment could be reduced by three methods 
a. Demand in the area increase to match output at times of potential curtailment
b. Another generator decreases output
c. Electricity storage[footnoteRef:3]  [3:  Barriers to storage facilities offering flexibility services to the DNO are dealt with separately in this subgroup’s Storage and DG Services paper.] 

Where the connectee decides to manage their output via their own arrangements, such as storage, behind the meter, there is in theory no need for the DNO to be involved.  However, in practice the DNO may wish to reassure themselves that the connectee’s arrangements are failsafe, i.e: that they will not ever exceed the export limit imposed.  The DNO will be aware of the generators involved because the nameplate capacity of the generator will be higher than the maximum export capacity in the connection agreement. 
This option has the potential to make DG projects more bankable and also reduce total system costs, as the mechanisms are geared towards allowing more generation into the system when they would have otherwise been curtailed off. There are many options for how this curtailment ’service’ could be provided, depending on the party involved: 
· DNOs, taking on a “DSO” role (more similar to a system operator, with clear regulation in place to facilitate this)
· Aggregators/ market makers
· End providers such as local demand
· Other generators
· Storage
This scenario may afford opportunity for community involvement and in community schemes to provide the appropriate service.  
Each option has different pros and cons and this paper does not assess which party may be best placed to manage the corresponding risks. It is important to point out that for any of these alternatives, DG customers can have bilateral arrangements to minimise curtailment but they must be connected behind the same constraint. If not, it does not address the network problem (which is the driver for having a flexible connection). DNOs might not have visibility of these contracts but would continue monitoring the constraint at established measurement points to make sure that the network parameters stay within limits.
It should be noted that Scenario 4 can be used in conjunction with Scenario 2 and Scenario 3 above.  In other words, a generator can make arrangements to minimise their constraint whether or not there is a cap above which they are compensated.  

· Risks / costs:  
For the generator: Costs could be higher than under scenario 2 because the generator would be required to pay for the 3rd party service.
For the DNO: Diversion of risk through the 3rd party service removes a potential investment signal to reinforce to remove the constraint. 

· Benefits:
For the generator: Constraint risk would be much lower than in scenario 2 and therefore the project would be better placed to achieve financing.  As DNOs don’t have to mitigate forecasting risk, costs of connections would not include a premium.
For the DNO: No uncertainty costs would have to be incurred and passed on to customers as a result of forecasting errors.
For the wider market: Under this scenario, a greater share of low carbon technologies is being facilitated into the market when compared with scenario 1, possibly at optimal cost. Customers that can provide load flexibility would be able to receive benefits for providing this service to generators.  Furthermore, under this scenario, constraint would actually (physically) be reduced, allowing more low carbon generators (when applicable) into the system.


[bookmark: _Toc412127376]4. 	Reinforcement under flexible connection

Reinforcement may come in the form of a specific network build or upgrade which provides additional capacity. In this context, it could also include third party storage or other solution to deliver additional capacity in place of a traditional network asset upgrade. The cost/benefit analysis requires an understanding of the time-varying nature of users’ demand and generation profiles, which may result from more active system management of the distribution networks.

In general, flexible DG connections should not be considered a long term solution for every connection in the network. It should be recognised that many users may require flexible connections for timely network access, with firmer-access to follow on completion of relevant reinforcements (similar to the principles of National Grid’s Connect & Manage framework). Currently there is no operational cost signal to inform DNOs where best to invest for facilitating DG connections, whereas the constraint applied to flexible connections could potentially become a proxy for such a signal. Furthermore, the present charging framework (apportionment rule and high-cost cap rules) typically anticipates a single pre-connection user[footnoteRef:4] as the trigger for reinforcement, requiring up-front capital contributions which can represent a very high proportion of the total reinforcement cost; this itself can be a significant hurdle for progression. Flexible connections for multiple users behind a constraint could, with an appropriate contractual framework, form part of a needs case to justify a reinforcement, which may also spread the cost between a number of users including those with flexible connection contracts.  [4:  Or precisely concurrent users, in the case of consortia.] 


For reinforcement to follow after a flexible connection there needs to be consideration of how and when to trigger and recover the costs of reinforcement, in such a manner which permits network development and facilitates new connections without adding undue  increased cost to existing customers. Specific considerations include:
· How to determine when the network has reached a certain level of curtailment which makes it optimal to reinforce instead of continuing to curtail generation.
· Cost recovery, or cost apportionment, from converting flexible customers to firm customers, for example when a subsequent new user triggers a reinforcement which relieves a constraint, or if the existing user specifically requests an upgrade to an unconstrained connection.
· When precisely is the trigger for reinforcement
· How constraint costs can be linked to reinforcement costs (e.g. annualised and charged post-connection)
· How existing customers behind a constraint can contribute towards a subsequent reinforcement which relieves (or partially relieves) the constraint.
· What the appropriate reinforcement is, e.g. balancing a short-term solution versus a long-term reinforcement rather than performing both. 
Finally, it is important to discuss what happens once reinforcement upstream is carried out. Generators that have connected under a flexible scheme could be required to contribute towards the costs of this reinforcement either as a lump sum or as an annual payment for the extra generation that they are able to input into the system. Addressing these issues would accelerate the roll out of these methods ensuring that customers get the benefit from a cheaper and faster connection.
[bookmark: _Toc412127377]4.1 Minimum access rights
It can be useful to set a minimum level of export which a generator can expect to be able to output even in the event of certain network constraint scenarios. It is instructive to consider the current situation for flexible connection access rights in Northern Ireland, where generators are issued with two export figures – a Maximum Export Capacity (MEC) based on generator ratings and a Firm Access Quantity (FAQ) which expresses the maximum level of its financially firm transmission access rights. Over time, as reinforcements are completed, it is expected that the FAQ rises to meet the MEC. The introduction of the FAQ can make it easier for the project to secure finance because it would start to receive compensation for constraints in accordance with SEM rules.
[bookmark: _Toc412127378]4.2 Consideration of Electrical Storage
Electricity storage is an option that could allow the management of connecting DG to a constrained network. There are several commercial alternatives for this solution:
a) The DG connectee may invest in their own storage facility (behind the meter) to manage any constraints.  Despite the falling costs of storage, the business case for such investments is not enhanced by the fact that the efficiency of a storage device implies losses in energy and hence income from potential ROCs; therefore in some cases, the constraint situation may have to be acute for the generator to prefer this investment.  In this case, measuring the storage’s activity and where the meter is located is critical. Additionally, storage behind the meter may or may not be able to provide services to the wider network and system, which would need to be explored further with the TSO and DNOs.  For example, if the storage connects behind the meter, the DNO will control the generator directly; however, it is unlikely to be able to offer services to the TSO, however it could offer services to the TSO if the storage and DG were operated mutually exclusively ‘behind the meter’. If reactive power evolves to be a service, the DG may offer reactive power to DNOs, or it may do arbitrage via Power Purchase Agreements. In any case, if the storage is used to provide services beyond managing the constraint for the DG connectee, then income stacking (i.e. several contracts) and visibility issues would need to be addressed. If the storage connects with separate meter, the option of having a controlled storage and a controlled DG would need to be managed by the DNO. 
b) The second option is for the DNO to invest in storage to manage a constrained network.  It is not clear how this storage would be funded, but if it was a DNO owned asset then there is the potential for the storage to have wider network and system uses. Currently, the benefit accrues more to the generator while for the DNO storage is too expensive to use only for curtailing generators. In this case, other services would have to be considered to break-even, with the risk on the DNO to pay the associated costs. It is still unclear if high income from ancillary services would be allowed to DNO.  For this option, not only must there be clear definitions on DNOs operating storage, but the issues of income stacking and visibility would also needs further work. Finally, double charging of levies and obligations is a potential barrier that must be analysed.
c) Finally, a third party may invest in storage to help both the DG connectee and DNO manage a constrained network.  In this option, DNOs must rely on the device for security of supply and third parties may find a more lucrative option elsewhere. However a third party would need to be made aware that an opportunity existed to provide storage. Income stacking, visibility, double charging of levies and obligations are also barriers that need further clarification specifically for DNOs and service providers to have common understanding of how to create appropriate connection terms.  
 

[bookmark: _Toc412127379]4.3 An example of reinforcement after flexible connection
This section outlines one example of how reinforcement could be delivered after a number of generators connect behind a specific network constraint. In this example the cost of reinforcement is compared with the projected annual generation revenue loss due to the constraint, and the reinforcement is triggered when the constraint cost is higher. Once complete, the reinforcement removes the constraint for these generators, who instead pay an apportioned annualised charge towards the cost of the reinforcement. The scheme is setup such that the resulting annualised reinforcement charge is no higher than the projected annual revenue loss which would have been incurred if the constraint had endured. For the generator, the result has a similar effect to capping the constraint. For the DNO, it may be seen to facilitate both flexible connections and efficient longer-term connection solutions. A more detailed example is given in Appendix A. 
The principles of this scheme answer most of the bulleted considerations of section 4 above, such as determining the trigger point and offering a solution for cost recovery. The terms of the flexible connection contract could set out the triggering methodology for the avoidance of doubt, and oblige payment of the relevant share of annualised reinforcement charge as a condition for remaining energised. However, it is not yet clear exactly how the most appropriate reinforcement is to be identified: The discrete nature of network assets, particularly at EHV level, may assist (for example, 132kV/33kV transformers are typically offered in very few capacity levels); further work would be needed to establish to what degree the first few flexible connection contracts would have to be specific or exclusive in detailing a reinforcement, and whether there could be scope to revisit the reinforcement design in the event of additional local flexible-connection customers. 
A significant item for consideration is the constraint modelling used to trigger the reinforcement – while all parties will necessarily acknowledge that it cannot be exact, excessively under- or over-estimating the constraint could lead to inappropriate triggers and potentially undesirable incentives for connecting generators. Another item for development is to establish whether the reinforcement works would require any specific financial underwriting ahead of completion or whether the existence of flexible generation operating behind a constraint with appropriate contractual obligations sufficiently de-risks the investment. 

[bookmark: _Toc412127380]Appendix A – More example of reinforcement after flexible connection
This appendix continues from the description in section 4.3. A model is developed to estimate the likely lost energy imposed by the network constraint, and updated with each subsequent flexible-connecting generator. This lost energy can be converted to an annual cost using appropriate market data according to an agreed formula, in a manner similar to UKPN’s Flexible Plug and Play scheme. In parallel, a specific reinforcement is identified and the cost is annualised in a manner similar to transmission connection asset charging[footnoteRef:5] (the design could be potentially revisited as the actual generation mix progresses).  [5:  http://www2.nationalgrid.com/UK/Industry-information/System-charges/Electricity-transmission/Connection-Charges/ ] 

A worked example considers a 50MVA EHV reinforcement costing £10m, equating to an annual charge of approximately £650,000 using a hypothetical set of rates (depreciation, permitted rate of return, and so on). In this example, the flexible constraint is applied pro-rata and the constraint increases approximately linearly with the connection of each successive generator. Eventually a new flexible-connecting generator, taking the group total to approximately 42MW, connects behind the constraint and the generator group now anticipates greater than £650,000 of annual revenue loss due to the constraint; therefore the DNO now proceeds to construct the reinforcement. 
Once the reinforcement is complete, each generator in the group (under the terms of its contract) pays to the DNO its apportioned share of the annualised reinforcement charge; e.g. a 10MVA generator in the group could be required to pay 20% towards this 50MVA reinforcement, an annual charge of approximately £130,000. The annual charges continue for the life of the reinforced asset as appropriate; a termination charge may be considered appropriate if the connecting user disconnects before this time.  An example of the costs incurred by a single 10MVA generator in the group is shown in Figure 1. This generator is second from a group of flexible connectees to become operational, and constraint increases with each generator thereafter until the reinforcement is both triggered and completed. The annual ‘cost’ incurred by the generator is therefore shown by the red line (note that constraint continues in the interim between reinforcement trigger and completion).
[image: ]


Questions to SGF Workstream 6
· Do you agree with the four scenarios outlined? 
· Are there any additional barriers/ enablers for the scenarios that the sub-group should consider?
· Are there any additional  risks/costs and benefits for the scenarios that the sub-group should consider?
· Do you agree with the further work proposed for developing the example of recovering reinforcement costs after a flexible connection? Are there any other considerations the sub-group should consider?
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