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Introduction 
 

As more and more distributed generation, e.g. wind parks, solar PV parks, are being connected to 

power systems, managing the grid from the point of view of grid stability and power quality is 

becoming a more pertinent issue. This is especially the case in areas of a power system where grid 

visibility is minimal or non-existent, such as can be the case in many distribution systems around the 

world. In these distribution systems, distributed generators are typically operated in fixed control 

modes, which ensure adherence to grid operating rules but do not deliver energy as efficiently as 

possible.  

In responding to abnormal grid events, system operators will typically only be able to restrict the MW 

from a generator or switch it off entirely until normal grid conditions have been restored. Distributed 

generator technology has improved greatly over recent years and modern wind and solar PV parks 

have much greater capability when it comes to grid interactions and responding to changes in network 

conditions. However, with a lack of adequate grid visibility, system operators are unable to fully utilise 

the full capability of modern-day technology to maximise the benefits from distributed generators. 

NovoGrid has developed a novel control technology for distributed generators, allowing them to 

maximise efficiency of their energy delivery without the need for extensive communications 

infrastructure or operator oversight. By reading local grid conditions, the technology can determine 

remote grid conditions in real time and autonomously optimise generator operation for a specific 

purpose, e.g. loss reduction. 

This document provides an overview of NovoGrid’s control technology and describes how it can be 

utilised in modern power systems to reduce energy losses, increase overall efficiencies and mitigate 

curtailment of distributed generator output. 
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Implementation 
 

NovoGrid’s control technology is a software based solution implemented via a remote terminal unit 

(RTU). The NovoGrid RTU is located in the generator substation and can communicate with the 

generator control system using several interface protocol options, e.g. analogue I/O, MODBUS etc. 

During normal operation, the NovoGrid controller will read in 3 separate input signals from the 

generator substation and issue 1 or 2 output signals to the generator control system, at defined 

intervals, e.g. 1-10 seconds. 

• Input signals 

o Active power output at connection point (MW) 

o Reactive power output at connection point (MVAr) 

o Voltage at connection point (kV) 

 

• Output signals 

o Reactive power control set point (MVAr) 

o Active power control set point (MW) 

 

 

 

 

 

 

 

 

Figure 1 Required input and output signals for NovoGrid Control 

 

Remote communications access for performance monitoring, maintenance and upgrading is 

conducted using firewall-protected VPN connections and there is no public access to the controller 

from the public internet. 

As an autonomous technology, it is important to ensure that the NovoGrid controller always operates 

in accordance with grid requirements. As such, the signal between the NovoGrid controller and 

generator control is monitored continuously by a watchdog procedure. In the event of a loss of signal, 

the watchdog monitor can instruct the generator control system to revert to a standard mode of 

operation until the signal can be restored. 
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NovoGrid Estimation and Control 
 

NovoGrid Control is a software technology based on a series of advanced algorithms which allow each 

controller to determine conditions at remote parts of the network without the need for extensive 

communications equipment. 

The majority of network state estimation solutions currently available rely on iterative optimisation 

methods that can be computationally burdensome and are therefore unsuitable for real-time control 

of distributed generators. NovoGrid Control uses non-iterative, direct calculations to determine 

remote and local estimations of network conditions, resulting in faster computation times which are 

more applicable to real-time control. 

NovoGrid Control is a decentralised solution and is configured for each specific generator based on 

local network characteristics. Once operational, each controller requires only three local grid 

measurements (MW, MVAr and kV). From these measurements, the controller can determine remote 

network conditions at a specified point of interest, e.g. an upstream power line, and issue optimised 

control set points to the generator accordingly. 

Results from testing NovoGrid Control on a real wind park in Ireland demonstrate the accuracy of the 

technology. In this case, the current (I) and apparent power (S) at an upstream location were 

estimated by NovoGrid Control installed at the trial wind park. In both cases, the mean error between 

estimated values and actual measurements were less than 1%, demonstrating a high degree of 

accuracy. 

 

 

Figure 2 Estimated vs measured values for current (I) and apparent power (S) on a remote line during trial on 

real wind park 
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Loss Reduction 
 

Many distributed generators, particularly those located in distribution systems, are set to operate in 

fixed operating mode due to lack of sufficient monitoring technology to allow system operators to 

manage them in real time. As a result, the park must be set up to ensure acceptable grid conditions 

are always maintained. Depending on the specific network characteristics, distributed generators 

typically operate in one of the following control modes: 

• Voltage Control 

Voltage control mode maintains a specified voltage level at the generator point of connection 

to the grid regardless of the varying MW output from the plant 

 

• Reactive Power Control 

This mode of operation uses closed loop regulation to ensure that the distributed generation 

provides a specified amount of reactive power at the point on connection to the grid 

 

• Power Factor Control 

Power factor control is a version of reactive power control that produces a reactive power 

output at the point of connection to the grid that is proportional to the MW output of the 

generator 

Each of the above modes of operation can play an important role in maintaining acceptable standards 

on the network. However, by operating in these fixed control modes, generators are compromising 

on delivery efficiencies, leading to excess current flowing on power lines and ultimately unnecessary 

line losses.  

NovoGrid’s control technology provides owners and operators of distributed generators with the 

ability to maximise the output from their plant by moving away from these fixed modes of operation 

to smarter, more flexible modes. By reading local grid conditions at the point of connection for the 

generator, NovoGrid Control can determine the optimal reactive power set point in real time, reducing 

excess current on power lines. By doing so, less energy is wasted in the form of line losses and more 

energy is delivered. 

If reactive power levels are reduced too low, there is a risk that voltage levels will exceed acceptable 

limits. As conditions on the network are constantly changing due to varying levels of generation and 

demand, monitoring these grid variations can be very difficult without extensive network 

communications infrastructure. By using NovoGrid Control, a generator operator can achieve 

increased efficiencies, while ensuring grid compliance, without the need to invest in large-scale 

communications systems. 

The sample time period below, demonstrates how NovoGrid Control manages the reactive power 

output of a wind park compared to a fixed 0.95 power factor operation mode. This data was taken 

from a real wind park which was utilising NovoGrid’s Control technology. 
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Figure 3 Sample 24-hour period of data recorded from trial on real wind park demonstrating how NovoGrid 

control managed the reactive power output compared to fixed 0.95 power factor control 

 

Summary of Figure 3: 

• Every 10 seconds the NovoGrid controller assesses the current operating conditions of the 

wind park according to the input signals P, Q, and V and calculates an optimal reactive power 

set point (Q-NG) 

 

• The reactive power set point is pushed closer to zero, leading to a reduced current flow on 

the wind park connecting line and, as a result, a reduction in line losses 

 

• At higher power output levels, NovoGrid Control sets a minimum level of reactive power 

required to meet grid requirements 

 

• The controller will always ensure that the calculated set point always remains within 

acceptable voltage limits 
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Curtailment Manager 
 

In certain scenarios, it is necessary for the output from distributed generators to be curtailed. This can 

be due to several possible reasons including line or transformer overloading or voltage limits being 

exceeded. Due to a lack of adequate visibility on some distribution networks, system operators can be 

forced to curtail large portions, or even all, of a generator’s output until acceptable network conditions 

can be restored. This approach to dealing with this type of scenario can generally lead to a significant 

loss in revenue for generators that are subject to such curtailment or constraint events. 

NovoGrid Control can provide such generators with a cost-effective way of minimising the occurrence 

of curtailment events, such as those described above. Once a section of network has been identified 

as one with a high probability of experiencing a constraint event, NovoGrid Control can be configured 

to autonomously optimise the flow of energy through that section by intelligently managing the 

operation of the distributed generator to which it is connected. NovoGrid Control will prioritise the 

mitigation of curtailment by optimising the reactive power output of the generator. If this is sufficient, 

the generator’s active power output will remain unaffected and curtailment will be avoided. In some 

circumstances, optimising the reactive power output will not be sufficient, and it will be necessary to 

curtail the generator’s active power output. NovoGrid Control then optimises the active power set 

point in real-time such that only the minimum level of curtailment occurs. 

NovoGrid Control will ensure that the maximum amount of energy will be delivered through that 

section of network without any network or generator limits being exceeded. Compared to generators 

operating under fixed power factor control, the occurrence of generator curtailment, and the amount 

of curtailment required, will be significantly reduced resulting in increased revenues for generator 

owners. Figure 4 demonstrates how NovoGrid Control curtails a wind park’s output compared to 

standard curtailment of a wind park operating in fixed power factor control mode over a 4-day period. 

 

Figure 4 Example of how NovoGrid Control manages a generator’s MW output to mitigate curtailment 


