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Additionally, a rule change through the AEMC, published in August 2021 on access, pricing and incentive 
arrangements for distributed energy resources (DER)5, formalised the requirement for DNSPs to support more CER 
connecting to the grid and to provide efficient options to support the provision of export services.  

Both the AER’s guidance and the AEMC requirements have been carefully considered in the development of this 
Future Network Business Case6 which assesses the net economic benefits of a range of credible options for Essential 
Energy to increase hosting capacity and support increased CER integration, proposing an optimal package of 
planned interventions under current forecast conditions.  

Essential Energy recognises the pace of change in and around the energy industry is rapid, and as such, the future 
network program and subsequent investment plans must remain agile to accommodate any future shifts, ensuring 
optimal outcomes for our customer, stakeholder, and market beneficiaries.   

3. Our customer appetite for a smarter network 
In preparing the 2024-2029 Regulatory Proposal, we engaged with customers over four phases (refer Attachment 
4.02).  During the first phase conducted in October/November 2021, customers were polled on risks in operating the 
distribution network and how these are valued.  Customers supported our risk metrics and placed a high level of 
importance on reliability, bushfire, and safety.  

During the second phase of engagement in February 2022, the challenges for power quality relating to the energy 
system transition were discussed.  

In the third phase of engagement, customers were offered four options7 from a ‘change nothing’ to large expenditure 
alternatives to avoid the problems from occurring with investment in a smarter grid as shown in the figure below.  The 
concepts of automation, real-time monitoring (network visibility) and dynamic network assets were introduced with 
options for uplift and the expected effects. The outcome of this phase of engagement resulted in broad support across 
the two most expensive options, 27% and 66% respectively.  Customers overwhelmingly supported option 4 (66%) 
which included full automation, a high level of real-time network monitoring and a significant increase in the use of 
dynamic network assets to target current and all potential problem areas.  

 

Figure 2: Customer engagement on a smarter grid (phase 3). 
During the fourth phase of engagement, an increased bill impact was tested due to price increases in delivering on 
the outcomes engaged on in the previous phases. Customers accepted the increase in costs and elected to not 
review the options.  

 
5 AEMC, Access Pricing and incentive arrangements for distr buted energy resources, Rule determination, AEMC, 12 August 2021 
6 Draft Future Networks Business Case, Baringa, January 2023  
7 Option numbers from customer engagement are unrelated to the option numbering in this business case 
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4. Key inputs and assumptions 
Essential Energy has undertaken analysis of our network’s current and forecast hosting capacity, current CER 
penetration and forecast uptake over the succeeding 15-year period. 

The modelling, forecasting and analysis inputs used to inform the development of the future network investment 
proposal are summarised below. More detailed information is available in the associated reports and reference 
documents mentioned below. 

4.1 Constraint modelling 

4.1.1 CER uptake and demand forecasts – Frontier Economics 
A 15-year forecast (2022-2037) of consumption and minimum and maximum demand on the Essential Energy 
network was developed by Frontier Economics (Frontier)8 (Attachment 11.01). This modelling projected maximum 
demand will increase towards approximately 2,500MW, while minimum demand decreases below 500MW by 2037. 

Frontier’s modelling considered various CER and electrification forecasts, in line with the AER’s guidance to DNSPs2 
and projected the impacts on consumption for each Essential Energy zone substation (ZS). Step change scenarios 
in line with AEMOs guidance for low, central and high were modelled for each factor. The central scenario, or most 
likely step change, as identified by AEMO, forms the basis of the future network program. The AER’s CECV 
methodology also adopted the central step change scenario as the basis of its CECV estimations. 

With consideration of the increasing impact of solar PV penetration and embedded generation, Frontier showed 
baseline consumption has already begun declining with the trend to continue over the succeeding 15-year forecast 
period. In contrast, the decline in baseline consumption is offset by the significant increase in consumption associated 
with electrification, EVs and batteries expected to result in a net increase of 6.0% by 2037 compared to 2021 (Figure 
3). 

 
Figure 3 - Forecast ZS consumption (Attachment 11.01 Non Financial Forecasts - Frontier Economics) 

 

 
8 Forecasts of customer numbers, energy consumption and demand, Frontier Economics (Attachment 11.01).  
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Figure 4 - Minimum and maximum total network consumption forecast for 2022-2037 (Attachment 11.01 Non 

Financial Forecasts - Frontier Economics) 

 

Also considered were the contribution of CER factors to forecasted maximum and minimum demand including rooftop 
PV, batteries, EVs, and electrification. The impact of each factor on forecast demand is summarised below and the 
detailed analysis is available in Frontier’s final report9: 

> Rooftop PV – expected to increase significantly as relates to minimum demand.  Over the forecast period, rooftop 
PV is expected to increase its impact on minimum demand from 500MW of demand, with the POE 10 nearing 
2,000MW.  This large and increasing role of rooftop PV is consistent with the expected change in time of minimum 
and maximum demand, as maximum demand is pushed later into the day, and minimum towards the middle of 
the day by the emergence of rooftop PV generation6. 

> Batteries (behind the meter) – expected to reduce forecasted maximum demand in the near term, and as uptake 
rates increase over time, will have an increasing role in offsetting the fall in minimum demand over the forecast 
period. 

> EV – contribution to maximum demand increases towards the end of the period while EVs have significant and 
rapidly increasing scope to offset minimum demand in both summer and winter. 

> Electrification from gas and LPG – mostly attributed to business rather than residential customers.  Contribution 
to maximum demand is consistent with growth rates forecast in electrification, while playing a significant and 
increasing role in offsetting minimum demand. 

Frontier’s forecast was further extrapolated to a 20-year forecast and used to inform the future network program and 
associated cost benefit analysis.  

4.1.2 Hosting capacity analysis 
Hosting capacity refers to the ability of a power system to accept DER generation without adversely impacting power 
quality such that the network continues to operate within defined operational limits. 

Electrical network modelling was undertaken in conjunction with Zepben to confirm the existing and projected hosting 
capacity of the Essential Energy network around forecasted CER and demand changes to extend strategic network 

 
9 Forecasts of customer numbers, energy consumption and demand, Frontier Economics (Attachment 11.01) 
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planning from a focus on enabling peak demand to include power flow considerations such as voltage impacts 
(Attachment 7.021.01). 

The hosting capacity analysis10 involved a comprehensive set of digital asset information inputs that represent 
Essential Energy’s physical network and baseline consumer behaviour.  A detailed set of underlying load data, 
electrification and DER forecasts, in partnership with Frontier Economics discussed in the above section were also 
included in the forecast hosting capacity model. DER technology forecasts for the period 2022-2037 at the ZS level 
covered: 

> PV panel capacity (MW) 
> Battery storage capacity (MW)  
> Electric vehicle numbers by type. 

With limited penetration of smart metering infrastructure on our network (limited network visibility), synthetic load 
synthesis capability was used to substitute availability of interval data that would ordinarily provide 30-minute energy 
consumption. The synthetic profiles were validated against available transformer monitoring, and coupled with feeder 
level SCADA data, deemed a suitable representation for network loading analysis. 

A base year model was developed, representing the current network performance around existing solar, battery and 
EV penetration.  Three forecast scenarios for future CER uptake were then applied to the base case, these were in 
line with the AEMO ISP scenarios and are as follows: 

1. Low, progressive change – Net zero by 2050 where investment in renewable generation and storage starts more 
slowly and picks up pace in the 2030s and 2040s. 

2. Central, step change – Net zero by 2035 where rapid transformation takes place with significant investment in 
renewable generation, storage and firming generation as coal plants exit. 

3. High, strong electrification – Net zero by 2035 with stronger and faster electrification of transport and heavy 
industry (but with limited hydrogen uptake) supported by investment in renewable generation and storage. 

The central scenario forms the basis of the future network business case. 

The modelled performance of the network is illustrated below for pre-intervention or ‘do nothing’ scenarios under the 
input forecasts for CER uptake and demonstrates how over voltage events change geospatially and over the forecast 
period.   

 

Figure 511: Heatmap of the change in pre-intervention over voltage events geospatially and over the forecast 
period 

Identified emerging issues associated with CER integration  

The hosting capacity analysis showed the progressive impact of increased CER integration on voltage and thermal 
constraints over the forecast period and concluded, that without intervention: 

> Capacity of the network to host increased generation is primarily limited by voltage constraints, with overhead 
substations showing lower hosting capacity and the capacity of the network to host generation is not uniformly 
distributed. 

 
10 Essential Energy Hosting Capacity Study, Zepben (Attachment 7.01.01) 
11 Essential Energy Hosting Capacity Study, Zepben, p.53 (Attachment 7.01.01) 
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> The increased trend in daytime constraints indicate solar generation will continue having a significant impact on 
network constraints and the need for customer curtailment will increase. 

> Increase in EV demand and thermal load electrification are not likely to offset the minimum demand increase from 
increasing PV. 

> EV charging behaviour is a critical assumption – Uncontrolled convenience charging, or EV load would result in 
significant overload of assets by 2034 through increase in afternoon peak demand. 

> Close to 25% of customers are likely to experience over voltage constraints/power quality issues (greater than 
1% of the time) by 2037. 

> Undervoltage issues are expected to see an increase from 2030 as increase in electric vehicle demand offsets 
the reduction in demand from PV and batteries. 

> Increasing demand variability will challenge voltage regulation with an increasing number of substations facing 
voltage swings greater than the approved limits. 

> Voltage regulation issues unable to be solved by tap changes are likely to increase from 7% in 2030 to 20% by 
2037 and extremities of rural feeders may experience over-voltages of up to 270V during minimum demand 
periods. 

4.1.3 Essential Energy base case assumption 
To compare new alternative options for expanding hosting capacity for CER growth, a base case scenario 
representing the existing business as usual (BAU) approach was considered; a justifiable set of actions that take 
place in the absence of other credible options and can be used to trade-off investment expenditure decisions. 

The base case for Essential Energy is represented through an approach where export limits are static or fixed and 
are set around maintaining network integrity under all conditions, including peak net export times (a relatively 
conservative or restrictive approach that can lead to unnecessary curtailment).  As the future network program aims 
to employ more advanced techniques that understand network behaviour and increase CER hosting capacity, 
maximising benefit to customers, stakeholders and the market, the base case physical export limits form the baseline 
to compare the impact of credible options to export limits. 

4.2 Valuation approach 

4.2.1 CECV benefit valuation approach 
Aligned to the AER DER integration expenditure guidance, value streams from DER integration must be considered 
by DNSPs and how to quantify them using consumer export curtailment values (CECV) was included in the 
preparation of the cost-benefit analysis (CBA) for the future network program. 

CECV measure the benefits of increasing CER hosting capacity in DNSP networks, quantifying the disadvantages 
suffered by customers and the market when CER exports are curtailed. This approach differs from the value for 
customers of having reliable export or consumption services. 

To support prudent investment decision making on expenditure to increase CER hosting capacity, the CECV 
methodology considers benefits pertaining to the wholesale market, network sector, environment, and customer DER 
value streams. 

The CECV methodology calculates how CER integration can provide: 

> Wholesale market benefits which include reductions in costs of electricity dispatch through decreased 
requirements for fuel and operations maintenance costs, investment in generation, storage and transmission 
infrastructure and the costs to provide ancillary services. These are segmented into: 
• Avoided marginal generator short run marginal costs (SRMC): Increased CER generation substitutes for 

generation by marginal centralised generators, which may have higher short-run marginal costs pertaining to 
fuel and maintenance. 

• Avoided generation capacity investment: Increased CER generation reduces investment in new and/or 
replacement generators. 

• Essential system services (including frequency control ancillary services): Increased CER capacity enables 
more CER participation in ESS markets, reducing investment in new/replacement centralised ESS suppliers. 

> Network sector benefits which represent the avoided costs of augmenting or replacing assets in the distribution 
network, or through improved reliability outcomes for customers. 
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Figure 6 - Oakley Greenwood and HoustonKemp Intraday Prices 
Following the AER’s final decision on CECV methodology and discussion in the explanatory statement14, Essential 
Energy has elected to not include avoided generation investment from the proposed CECV rates of the HoustonKemp 
method (despite the ability for DNSPs to nominate these values). However, Essential Energy believes that the 
modelling conducted by HoustonKemp more accurately reflects the long-term generation capacity mix under the ISP 
step change scenario given a requirement for profitability of new renewable generation installations and thus has 
adopted its use in the justification of this business case. 

 

4.2.2 Non-CECV benefit valuation approach 
Utilising Essential Energy’s Appraisal Value Frameworks (Attachment 6.03.03), reflecting reliability, bushfire, safety, 
environment and financial benefits per unit, network interventions were modelled to determine any non-CECV 
benefits attributable to increasing DER hosting capacity (e.g., value of improved bushfire).  A robust process is 
followed based on analysis of the NPV of options and a range of sensitivity analyses that explicitly trade off alternative 
investment options. 

 
14 Explanatory statement: Final Customer export curtailment value methodology June 2022 
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4.2.3 CBA optimisation approach 

 

5. Options analysis 

5.1 Identified options 
Our customers have told us they expect us to proactively plan for and integrate renewable energy and new 
technologies, but they realise this needs to be done in a sustainable manner, to avoid over-investment and maintain 
affordability.  

Network interventions are the traditional means by which Essential Energy strengthens the network and/or increases 
its hosting capacity while non-network interventions describe investment in people, process, data and system related 
uplifts.  

Customers have given us a clear indication of their desired DER integration outcomes and their willingness to pay 
for the associated investments. They support us introducing flexible connection agreements, for new and upgraded 
connections, so we can be ready for the future and more efficiently manage power quality on the network until such 
time that a network intervention investment ‘stacks up’. 

Both network and non-network interventions were considered in the options analysis and only those that showed a 
positive NPV were included in the overall program. A combination of both network and non-network interventions is 
considered most effective. 

5.1.1 Network interventions – ‘building up’ the network 
Under network interventions, where network assets are proposed to be used to release and/or improve CER export 
hosting capacity and power flows, these were included in the FNBC for assessment. Alternatively, where network 
assets are used to meet peak demand (underlying demand and DER imports), these were excluded as they are 
included in Essential Energy’s wider regulatory submission for augmentation and replacement forecasts, aligning 
with the capex objectives. 

The below network interventions were assessed under the low, central, and high case forecast scenarios.  The central 
case scenario was selected as the most likely outcome. 

LV & HV reinforcement: 

> Reconductoring sections of the network with conductors that have a minimum of 80% increase in thermal capacity. 

Transformers: 

> Replacing distribution transformers with the next standard distribution transformer size that will increase capacity 
by at least 50%. 





 

Essential Energy | 10.05 Future Network Business Case Overview | Jan 2023 
Approved by: Group Head, Strategy & Future Networks 
Page 16 of 24 
 

5.1.2 Non-network interventions – investing in a smarter network 
Non-network interventions considered in the future network program include dynamic operating envelopes (DOEs), 
increased network visibility and tariffs to influence demand side behaviour. 

Dynamic operating envelopes (DOE) 

A DOE represents an allocation of available hosting capacity to an individual or aggregate CER or connection point 
within a segment of an electricity distribution network at a given time interval. DOEs are both expected to provide a 
more efficient approach to managing network capacity through dynamically varying customer export limits as agreed 
and allowing customers to export more electricity based on periodically monitored network conditions: limiting only 
when necessary. 

Basic DOEs target specific areas where hosting capacity is most constrained and require minimal investment uplifts 
to enact.  Advanced DOEs require a full network model with complex and dynamic systems as the supporting 
infrastructure to operate effectively and efficiently. 

Network visibility 

Network visibility describes remote access to network performance data and enables improved decision making 
around network operations. Network visibility data is a key input requirement to enabling other non-network 
interventions including DOEs and has therefore been considered as a parallel requirement, complementing, and 
increasing the benefit attributed to other non-network and network interventions.  Investment to improve visibility 
include: 
 

> Installation of distribution substation meters on brownfield sites – 600 meters p.a from FY24-29 
> Upgrade feeders with MV & HV data – 400 feeders 
> Acquire and utilise advanced metering infrastructure data – increase to 30% network coverage from 0% (excluding 

trial data) 
> Upgrade SCADA historian database to capture historical data. 

Tariff incentives 

In terms of customers’ priorities, whilst safety, reliability and affordability remain the top three concerns in relation to 
their electricity supply, the importance of resilience has emerged, along with the importance of collective benefit – to 
ensure that the benefits of the energy transition are fairly shared between our customers. 

To improve fairness in the respective prices customers’ pay, two-way price tariffs (those that charge for both 
consumption and exports) are under trial and are proposed to be introduced in the 2024-29 regulatory period. 

The results of these trials run in conjunction with customers and stakeholders will be considered as part of the 
customer engagement program for our Revised Proposal and TSS in the second half of 2023. The results will inform 
the success of different tariffs and the final structure of our respective tariffs. 

Further detail can be found for: 

> Tariff trials and the design of our trial tariffs in Attachment 4.02 to our Proposal 
> Our proposed tariffs in Chapter 12 of our Proposal as well as our TSS 
> How we derived our export price in our TSES – Attachment 12.01 

The non-network interventions considered for the future network program comprised of three DOE based alternatives 
and assumes we will evolve our DOE service over time from a targeted trial stage delivering basic DOEs, transitioning 
to a more advanced DOE capability as deemed necessary. The differentiating factor in the options considered was 
the pace in which technology change is implemented. 

In parallel, investment to allow for improved visibility of the network down to the LV level is a key enabler in expanding 
any DOE implementation and improving our understanding of what exists on the network, how it is performing and 
how operations could be managed to improve investment decision making.  In line with customer preferences for a 
smarter grid, options presented below, assume network visibility uplifts will be enacted. 

The three DOE implementation options are outlined below as described in the FNBC16. 

 
16 Draft Future Networks Business Case, Baringa, January 2023, p.25 
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Option 1 - Basic DOE implementation 2025-2029. Advanced DOE trial and implementation 2030-2035 

Essential Energy will offer a dynamic export limit option to new DER customers. This would enable us to signal the 
true capacity of the network on a locational and time-varying basis, so that customers’ exports would only be limited 
at times and in places where there is a capacity constraint. This requires expenditure on new systems to improve 
visibility of network performance and capability uplifts to deliver DOEs on a larger scale. Development would begin 
in 2024 with the trial DOE commencing in 2026. Essential Energy commences advanced DOE design work at the 
start of 2030-35 regulatory period and begin trials in 2030 with a view to rollout in 2033. 

Option 2 - Basic DOE implementation FY24-29. Advanced DOE trial in 2026 and implementation in 2031 

A faster paced rollout of Advanced DOEs with DOE development beginning in 2024 and the trial DOE commencing 
in 2026. Advanced DOEs begin trials in 2026 with view to rollout in 2031. 

Option 3 – Full DOE capability by 2029 

Development of both Basic and Advanced DOEs begin in 2024. Full DOE capability expected by 2029. 

 

A complete view of the non-network intervention considered across the low, central and high demand scenarios 
and the associated costs and benefits over the 20-year period to 2043 is available in the Baringa CBA17. 

  

 
17 Future Network CBA Model – Baringa, January 2023 


















