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Introduction  
Governments internationally face the complex challenge of developing policies to decarbonise their 
nations’ economies to benefit from the energy transition at the pace and scale required. Australia's 
clean energy transition is characterised by the enthusiastic uptake of Distributed Energy Resources 
(DERs) such as end consumer-owned rooftop solar PV, hot water systems, batteries, and electric 
vehicles.  
 
Uncontrolled and uncoordinated, end consumer-owned DERs are a technical problem for the 
electricity system. Controlled, coordinated and orchestrated DERs are low-cost solutions to 
transitioning to a secure, reliable, fully renewable, and decentralised electricity system. It is the 
process referred to as DER integration, and it is a critical policy challenge. It requires changes at all 
levels, from energy market reforms to end consumer behaviour, technology, and business model 
innovation. It will require multiple interventions and an integrated policy design solution to unlock 
the potential economic solution that DER integration can provide.  
 
Motivation  
DER integration is a remarkably complex problem involving end consumer behaviour, transactions 
involving multiple parties, energy market reforms, policy development and politics, technology 
economics and innovation. The electricity system is complex, and the market, regulations, policy, 
and politics overlap and intersect with the technical aspects. These factors contribute to energy 
policy uncertainties and other barriers.  
Complex systems are distinguished from complicated or simple systems due to their 
interconnected and non-linear nature. As systems become complex, the system’s behaviour can 
become surprising. Any action on a complex system may not be easy to predict due to its non-
linear nature, unpredictable side effects, unintended consequences, and interactions beyond the 
chosen system boundary. Many policy-makers approach change management projects with linear 
thinking, even when the system is complex. This study applies complexity theory and a system 
thinking approach to navigate the DER integration challenge and develop an integrated policy 
solution.  
 
Method  
The practice method for complex systems is to understand the system before intervening or 
disturbing the system. Developing and testing policy interventions requires a holistic understanding 
of how the system and individual participants behave, the barriers to the change condition and an 
inclusive understanding of the system state.  
This study applies systems thinking tools and dynamic modelling to guide and formulate system 
intervention hypotheses to the challenge of DER integration. A systems dynamic model was 
developed to understand the current situation relating to the management of DERs. The system 
was then remodelled as a success archetype to identify the policy intervention hypotheses.  
Results and Discussion  
 
From the Distribution Network Service Provider (DNSP) perspective, the high uptake of DERs, 
such as Solar PV, will increase the stress on the network. The DNSP can only intervene as the 
regulatory environment allows, and their business model incentivises. The intervention options 
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available to the DNSPs are to invest in network augmentation or provide a price signal to end 
consumers to manage their electricity demand flexibly via network control tariffs. However, under 
current regulations, there is a regulatory and financial incentive for DNSPs to choose network 
augmentation over the more cost-effective demand flexibility option.  
 
The current business-as-usual situation and system dynamics are described as follows. End 
consumers' high uptake of DERs is leading to expensive network upgrades. The costs of network 
upgrades are passed on to the end consumer, driving up their electricity bills. Experiencing 
increased electricity bills, more end consumers will invest in DERs (such as rooftop solar but 
increasingly battery energy storage systems (BESS), and electric vehicles (EVs) to control their 
electricity bills. As more and more end consumers take up more DERs, the compounding system 
impacts of increased network stress and increased network augmentation results. This cycle 
reinforces these behaviours and acts as a positive feedback loop or ‘vicious’ cycle. This dynamic is 
shown in Figure 1 as a Causal Loop Diagram (CLD), with the end consumers' behaviour and 
resulting course of action drawn as a feedback loop on the right.  
 

 
Figure 1 Causal loop diagram of business-as-usual reference case of uncontrolled 
DERs (author) 

 
With the successful trialling of Dynamic Operating Envelopes (DOE), DNSPs can increase the 
hosting capacity of the network and reduce network stress. From a system thinking perspective, 
the DOE intervention introduces a delay in the Causal Loop Diagram as the DOE increases the 
DER hosting capacity of any given network circuit by a significant margin. Referring to Figure 2, the 
DOE is shown as a balancing loop as it alleviates network stress and is drawn with the symbol ‘II’ 
to indicate a slowing of the system dynamic and the reinforcing loop.  
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Figure 2 Causal loop diagram of business-as-usual reference case of uncontrolled 
DERs plus Dynamic Operating Envelopes (author) 

 
While the DOE slows the system dynamic and the reinforcing loop, it does not address the 
fundamental and negative system dynamic. The current energy market design rules contribute in a 
market failure to value demand flexibility and reflect its potential economic contribution to the 
system. Therefore, the policy challenge and policy design hypothesis is defined as: 
 

How can a market to value and trade in the services that DERs provide (DER services) be 
created? 

 
While end-consumer-owned DERs have the potential to be a low-cost source of energy and power 
system services as demand flexibility, they have to be capable of responding reliably to energy 
system signals. Achieving this requires policy responses to address the barriers and challenges to 
controlling and coordinating DERs. It also involves the development of technology solutions and 
the installation and retrofit of technology.  
 
This study focused on a further policy design question relating to the need to support innovation, 
the rollout and retrofitting of DER integration technology that is:  
 

How can an investment environment be created for technical and business model 
innovation to result in the economic integration of DERs?  

 
Conclusion  
The results of this research project and the application of a systems thinking approach to energy 
policy development is a novel application for navigating Australia’s transition to clean energy.  An 
energy system in transition is complex, involving many levels, regimes and disciplines, including 
technical, regulatory, market economics, policy, and politics. However, our ability to deal with 
complexity is limited, and we seek to simplify complex problems to apply simple solutions.  
Applying a systems thinking approach and complex system dynamics has been a valuable tool for 
navigating policy development in complex environments. It allows the limitations and constraints of 
the system to be made explicit, grouped, and prioritised. It also allows for the easy 
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conceptualisation, design and mapping of policy interventions. The systems thinking process has 
proven to be a guiding method but a powerful tool in its own right. Not only does it facilitate 
problem conceptualisation, but it also facilitates open discussion and collaboration between 
colleagues to design a comprehensive solution development. 
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