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Distribution networks are entering a brave new age. They have done 

their job excellently in Europe in the previous decades – distributing 

electricity from the transmission system to households and businesses 

in an efficient, cost-effective, reliable manner. 

But the nature of their job is changing radically. In some European 

countries this change is well underway; in others it is largely still to 

come.  

The energy transition brings two massive challenges to DSOs. 

1. Connecting large amounts of renewable generation to networks 

2. Accommodating increasing electrification of transport and heat. 

No longer can DSOs solely rely on their traditional toolkits such as 

network-reinforcement and direct load control.  

New tools are emerging and being increasingly pushed forward by 

regulators and policy makers - often enabled by digitalisation, AI and 

Machine Learning, and the Internet of Things. Smart control, flexibility, 

smarter use of system tariffs, (local) market-based approaches and 

tailored connections are some of the tools in DSO’s new toolkit.  

Many of these tools involve working closely with customers and 

communities. DSOs need to pay more attention to co-ordinating with 

transmission, but also wholesale markets and retailers on the use of 

flexible assets, as well as emerging local energy systems. And to 

complicate matters further, the silos between electricity, natural gas, 

heat – and in the future hydrogen – will break down, seeing DSOs 

increasingly interacting with these other vectors. 

Parts of distribution networks, build to satisfy peak demand, are already 

‘full’ and unable to readily connect new renewable generation. There is 
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a risk that the electrification wave will cause congestion on networks. 

Many of the challenges will occur on low voltage networks, where 

DSOs often have little or no visibility. And to make matters worse, other 

parts of the value chain will increasingly transact over distribution 

networks to capture value from demand side flexibility – which may not 

always be helpful in managing the network. 

One person’s challenges are another person’s opportunities. This 

potent mix of drivers creates huge potential for DSOs to facilitate the 

energy transition, and the chance for DSOs to flourish as the spotlight 

shines on them. Some of the problems - such as accommodating large 

numbers of distributed assets – can be turned into solutions – for 

example utilising the inherent flexibility of some of these assets.  

But on the flip side, there is a huge amount to do – and if DSOs (and 

their regulators) don’t get it right, they may be in the unenviable position 

of acting as a brake on the energy transition. Being in the spotlight 

won’t be so pleasant in this situation. 

In the next pages we will look into some of the challenges associated 

with connecting more and more renewable generation to distribution 

networks – and some of the solutions that are being adopted in the 

Netherlands and the UK – two of the countries towards the leading 

edge of innovation in distribution networks.

Figure 1: The wider challenges DSOs are facing 
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What are the main technical challenges for DSOs from high 

levels of renewable energy penetration? 

 

Figure 2: Main technical challenges relating to the integration of renewable energy 

generation and typical low-carbon generation mix 

The challenges linked to the integration of renewables in distribution 

networks are linked to the characteristics of the installed technologies 

and network characteristics, hence the challenges vary across system 

levels. 

 

Challenges in LV networks 

 

In low voltage networks (230-400V), the dominant generation 

technology is rooftop solar PV for (mainly) residential customers. The 

challenges are especially high in weak rural networks served by small 

distribution transformers presenting relatively high source impedance. 

In these cases, the inherent voltage rise from power generation may 

lead to voltage levels surpassing the upper statutory limit at some 
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points of the LV network, for example under low load conditions and in 

cases where there are clusters of solar PV installations (such as in 

social housing). Power flows will sometimes be bidirectional over some 

parts of the LV circuit and so the voltage profile across the network will 

vary, as will the highest voltage point along the circuit vary over time. 

In LV networks, it is unlikely that reverse power flows will create thermal 

loading problems even with tapered LV circuits. However, single-phase 

connected solar PV installations might sometimes create phase load 

imbalances due to a disproportionate number of connections to one of 

three the phases of the circuit. This in turn will exacerbate voltage rise 

issues. A further potential issue is that solar PV installations might lead 

to higher levels of harmonic distortion due to relatively low-grade 

inverters, potentially exceeding specified background levels of harmonic 

voltage at certain harmonic orders under light load conditions. As well 

as derating cables, lines and transformers, harmonic distortion can 

cause interference with local communication systems such as cable TV 

and telephone lines. 

 

Challenges in MV networks 
 

Moving to the medium voltage (e.g. 1kV-20kV) system level, the scale 

of solar and wind installations increases and reaches up to low MW in 

terms of capacity. At this system level, is also where small/medium 

scale bioenergy plants might be connected.  

Heavy penetrations of wind or solar PV farms connected to MV feeders 

can result in reverse power flows which might be sufficient to exceed 

thermal ratings of MV feeders under high generation / low local demand 

scenarios. Voltage rise might also be an issue where generation is 

connected at the remote end of rural MV feeders – especially where the 

automatic voltage control (AVC) system at the HV/MV substation 

incorporates line-drop compensation. MV busbar voltage at the HV/MV 

substation is typically boosted to compensate for expected voltage drop 

along long overhead line feeders at times of high demand. If a 

generator is connected near to the end of such a feeder, then the 

voltage might rise above the statutory limit at some points along the 

feeder. Whilst conventional induction generators will operate at a 
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leading power factor and hence import reactive power to supply the 

excitation current (and so limit voltage rise) inverter connected 

generation (typical for renewable generation) will generally operate 

close to unity power factor unless otherwise specified. 

A potential challenge for the integration of synchronous or induction 

generators which are associated with bioenergy plants or CHP natural 

gas plants is the heightened fault level, especially in urban settings. 

This may lead to short-circuit currents which exceed switchgear or 

cable short-time ratings if not mitigated. This challenge is of a smaller 

scale in the bigger picture as the annual installed capacity of these 

types of generators is much smaller when compared to wind and solar 

PV. 

Another smaller-scale challenge, is the fact that the high demand for 

new connections by renewable energy developers, might require 

extensions of MV switchboards at HV/MV substations, which might not 

always be practical due to space limitations, which will then lead to a 

need for additional civil works: a process that may take a long time and 

halt the deployment of new generation. 

 

Challenges in HV / EHV networks 

 

The principal challenges at high / extra-high voltage levels (e.g. 

>20kV) arise from multiple connections of wind and solar PV farms to 

HV networks (or to groups of MV networks served by a common HV/MV 

substation). Concentrations of wind and solar PV farms can result in 

generator-dominated networks where power flows are dominated by 

generation export levels at certain times – rather than demand.  

Technical challenges include voltage management due to reverse 

power flows and thermal rating constraints on HV feeders. Power flows 

are highly dependent on weather conditions which affect both demand 

and generation output. Assuming a worst-case scenario (in terms of the 

combined effect of demand and generation on power flows) can lead to 

unnecessary constraints on distributed generation connections and/or 

unnecessary network reinforcement, since the load factors of solar and 

onshore wind plants are relatively low. 
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A further issue is the potential for reverse power flows to extend to or 

beyond HV busbars at EHV/HV substations. This can create protection 

stability issues (for example with directional overcurrent protection on 

transformer EHV feeders, especially if the reverse flow coincides with 

an EHV circuit outage). For EHV networks there is potential for reverse 

power flows to extend to or beyond EHV busbars at Grid Supply Points 

(GSPs) and extend onto the transmission system. Again, this can 

create voltage management and protection stability issues.  

In all cases, consideration has to be given to the impact on power flows 

following an HV or MV circuit fault outage which will generally result in a 

temporary abnormal feeding arrangement until the fault is repaired and 

the network restored to normal.  

On EHV and HV overhead line networks, reactive flows can be a more 

important consideration due to the relatively high X/R ratio of the circuit. 

In some cases, this can result in excessive voltage drop and/or thermal 

constraints under heavy load conditions, particularly on long EHV 

overhead line feeders. 
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How are DSOs reacting to the challenges? 

 

Figure 3: The different approaches to network challenges, with an indicative (non-

exhaustive) list of the technical network-facing solutions currently deployed or trialled  

There are generally two different approaches to these challenges, 

network-facing, or customer-facing. 

Network-facing solutions includes everything relating to direct 

investment from DSOs into new equipment to upgrade their network 

management capabilities. There are various examples of different 

technical solutions deployed or in trials in Europe to mitigate the 

challenges relating to the energy transition: for example, distribution 

transformers with automatic voltage control, dynamic line ratings, 

network meshing; a variety of solutions typically falling under the Active 

Network Management (ANM) description. An important element in 

these approaches is the increased level of visibility and control across 

all network levels, even LV networks. There, traditional maximum 

demand indicators at MV/LV substations are being selectively replaced 

with more comprehensive remotely accessible monitoring of real-time 

and time-series busbar voltage, feeder loadings and harmonic 

distortion.  
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Smart meters can also contribute to higher network visibility. Smart 

meter rollouts often allow DSOs to have access to smart meter data 

(time-series power flows and voltages) which can be aggregated at 

substation or LV feeder level (by associating the data from each smart 

meter with its point of connection to the network). This data can then be 

used to show trends in daily loading patterns and voltage variations to 

give early warning of impending loading or voltage issues.  

 

Taken together this monitoring capability is providing greatly enhanced 

visibility of critical LV network parameters and hence early warning of 

impending thermal loading or voltage issues with increasing levels of 

penetration of home EV charging and electric heating.  

 

Customer-facing (flexibility) solutions are also emerging as a very 

key answer to many of the challenges associated with renewable 

integration. This flexibility can take two different forms: 

a) Flexible curtailment: designed to address situations where wind 

and/or solar PV farms looking to connect to an MV feeder may give 

rise to power flows beyond the thermal rating of the MV feeder under 

high output / low demand periods, either under normal, or especially 

abnormal, feeding arrangements. Developers have the option to 

accept a curtailment risk in exchange for a faster and/or cheaper 

connection to the network. Generator output is curtailed dynamically 

as necessary to maintain power flows within network component 

ratings. This involves active monitoring of power flows and reliable 

communications to enable prompt curtailment when required. Due to 

the typical load factors of solar PV and onshore wind curtailment is 

generally an infrequent requirement. This solution is widely deployed 

in the UK and has been a key contributing factor for the current 

levels of renewable energy penetration. 

b) Demand side flexibility: Demand side flexibility involves agreeing 

demand turn-down contracts with (typically) C&I customers 

(including through aggregators) to manage network constraints 

enabling avoidance or deferral of network reinforcement. In the UK, 

up to four flexibility products are commonly procured to cater for 

various situations such as high peak demands, and maintenance or 

fault outrages (~1.4GW has so far been contracted for 2021 from a 

target of 2.9GW tendered across these products). Demand side 
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flexibility can also be increasingly deployed in LV networks as more 

technologies that can be operated flexibly are being deployed (such 

as battery storage, heat pumps, hot water tanks, EV chargers in 

residential customers). A form of operation could be that demand 

would be shifted for example EV charging when there is high solar 

generation, thus reducing the constraints on the grid. Market 

mechanisms, like time-of-use tariffs, where the use of energy is 

encouraged when generation is high, can play an important role 

towards this function (but could create challenges for DSOs if 

demand increases at times of network constraints – e.g. summer-

peaking networks in city centres). 

Evolution towards an integrated holistic approach for networks: 

From Active Network Management to Distributed Energy 

Resource Management 

 

 

Figure 4: Distributed Energy Resource Management concept  

While a lot of the solutions to the issues raised by the energy transition 

can be solved individually, the integration of Active Network 

Management (ANM) solutions offers greater opportunities to effectively 

address at lower cost the many challenges that electricity networks, and 

the electricity system as a whole is currently facing. 

The emerging trend is the next evolution of the electricity system from 

individual or centrally controlled solutions towards autonomous 

Distributed Energy Resource Management Systems (DERMS).  
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DERMS is a term that is evolving beyond just the control of distributed 

generation and consumer assets. Its integration with other network 

operational assets such as Advanced Distribution Management 

Systems can extend its functionality to wider electricity management. In 

that sense, DERMS can establish the connectivity between different 

physical systems and markets through their communications and 

control infrastructure providing the capability to monitor, manage and 

integrate low-carbon technologies and distributed energy assets from 

both an engineering and markets perspective, including energy, 

balancing, ancillary services, and flexibility markets. 

DERMS use real-time data analytics to autonomously control DERs and 

ANM solutions to maximise network utilisation and hence 

accommodation of generation and low carbon technologies such as EV 

charging and electric heating. It enables local substations to analyse 

millions of datapoints to provide visibility of how the network is running 

at any given time, enabling the network to reconfigure itself and even 

adapt protection settings where necessary to enable higher volumes of 

electricity to flow through the system. 

DERMS is enabling the integration of technologies and solutions 

derived from a range of smart network innovation projects, including 

flexible connections and services, integrated transmission and 

distribution regional development plans, network meshing, reactive 

power management and EV charging management, and will provide a 

foundation for integrating future smart solutions. 

 

Delta-EE’s Distribution Network Service looks into the issues discussed 

in the whitepaper in more detail, in our reports on the integration of 

renewable energy and on the topic of transactive energy. 
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