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ABSTRACT 
In the next decades, Flemish distribution system operator 
Fluvius will have to accommodate ever-increasing 
volumes of distributed generation, electric vehicles, and 
heat pumps on the electric grid. The main challenge will 
be to maintain optimal asset performance, while keeping 
investment costs at an acceptable level. Maximizing 
utilization of the existing infrastructure and strategic 
planning of grid investments will be key. This requires a 
good view on the actual and future grid load in different 
scenarios. To achieve this, digitization and applying 
analytics to the increasing amount of available data are 
essential. Given this context, this paper introduces the 
NGIN Insights analytics platform, supporting Fluvius’ 
business experts in making better and more informed data-
driven investment decisions. To demonstrate the potential 
and added value of the NGIN solution, this paper includes 
a case study with an impact analysis for different growth 
scenarios for electric vehicles and photovoltaic systems on 
the Flemish low voltage grid. 

INTRODUCTION 
Distribution system operators (DSOs) need to 
accommodate ever-increasing volumes of distributed 
energy resources on their networks, while large-scale 
electrification of vehicles and domestic heating is on the 
verge of a breakthrough. This energy transition will 
significantly change the typical loading pattern of the grid. 
The load profiles of residential customers will start to show 
a larger amplitude and simultaneity than accounted for in 
the fit and forget grid design rules that were applied until 
recent years. Hence, local stress on the ageing distribution 
grid is expected to increase, giving rise to voltage level 
incompliance and overloading of assets. Considering 
regulatory scrutiny in terms of reliability requirements and 
pressure on cost levels, distribution grid operators need to 
maximize cost-efficiency. This can be done by optimizing 
the utilization of existing infrastructure and doing well-
targeted and well-timed grid investments.  
 
To achieve this, DSOs can fall back on the extensive 
business knowledge, experience and intuition of their staff. 
However, DSOs that want to excel require new solutions 
to formalize and future-proof their asset management 
approach. Digitization and the increasing amount of 
available data can play a significant role in this process. 
Existing data in legacy systems often remain 

underexploited for asset management purposes, but can 
deliver valuable insights if used in an integrated analysis.   
Sensor-equipped assets and smart meters will provide even 
more data and opportunities for DSOs to further improve 
their asset management practise. Hence, investing in 
capabilities and IT solutions to transform vast amounts of 
readily (or soon to become) available data into 
information, insights, decisions and actions is key. 
 
To address this challenge, consulting firm Deloitte and 
Flemish DSO Fluvius [1] started a strategic partnership, 
combining the asset management know-how and advanced 
data analytics capabilities of both partners. The 
collaboration resulted in the co-creation of the NGIN (Next 
Generation INfrastructure) Insights platform [2]. This is a 
cloud-based analytics platform with rolled-out solutions to 
facilitate data-driven asset management for the low 
pressure gas and low voltage (LV) electricity grids.  
 
This paper focuses on the Grid Optimization & Simulation 
(GOS) solution within the NGIN Insights platform. This 
solution helps Fluvius to assess future LV grid capacity 
needs and corresponding investment options. Instead of 
relying on extrapolation of simulation results from a 
limited number of grid samples, the GOS solution is 
capable of running full-scale grid simulations for all 80000 
km of Fluvius’ LV grid. This has been a long-standing 
challenge for DSOs, due to the lack of calculable LV grid 
models, data availability or quality issues, and the sheer 
size and effort of the task. To address this challenge, the 
NGIN Insights solution automatically derives the 
connectivity and  topology of the entire LV grid from the 
available GIS data and turns it into a calculable model. 
Combining this with consumption data and meta-data of 
each customer connection, enables Fluvius to assess the 
actual LV grid performance in terms of cable and 
transformer loading and voltage rise/drop. Furthermore, it 
allows the calculation of the grid impact and 
corresponding investment costs of different energy 
transition scenarios. 
 
In the next section, the philosophy and architecture of the 
NGIN Insights platform is introduced. Next, the 
methodology of the GOS solution for LV grid simulations 
is explained. In order to demonstrate the potential and 
added value of the GOS solution, section four includes a 
case study with an impact analysis for three growth 
scenarios for electric vehicles (EV) and photovoltaic (PV) 
systems on the Flemish LV grid.  
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INTRODUCING THE NGIN INSIGHTS DATA 
ANALYTICS PLATFORM 
In 2016, Deloitte and Fluvius joined forces to explore and 
exploit the potential of advanced data analytics in a 
network infrastructure environment. The combination of 
Deloitte’s experience in setting up analytics platforms with 
Fluvius’ industry-specific knowledge and asset 
management expertise, led to the development of the 
NGIN Insights platform. The goal is to support Fluvius’ 
business experts in making better and more informed data-
driven asset management decisions.  
 
NGIN is strongly focused on the concept of co-creation 
(Figure 1). Fluvius’ business experts and key users team 
up with analytics experts from Deloitte to make sure the 
solutions cover all the business needs. With this concept, 
NGIN wants to move from an implementation mindset to 
a transformation mindset. By closely involving asset 
management experts and end-users, NGIN increases 
ownership, acceptance and utilization of its solutions.   
 

 
 
Figure 1: The NGIN co-creation development model. 

 
Over the years, the partnership has resulted in a number of 
solutions being rolled out in the NGIN platform. They each 
address a particular business need for low pressure gas and 
low voltage electricity grids:  
- Asset Information Management (AIM) 
- Asset Risk Management (ARM) 
- Asset Management Planning (AMP) 
- Predictive Asset Management (PAM) 
- Grid Optimization & Simulation (GOS) 
 
The NGIN platform should be seen as a decision support 
system; i.e. a system of insight. As shown in Figure 2, it 
connects to different existing legacy systems, i.e. the 
systems of record (amongst other ERP, EAM, GIS), and 
forms a data analytics layer on top, with several functional 
solutions that can be accessed in a dedicated dashboard 
environment.  
 

 
Figure 2: Position of NGIN in the systems landscape. 

NGIN is hosted as a managed service by Deloitte to shield 
Fluvius from the complexities of managing a big data 
platform. This flexible delivery model allows other 
interested network infrastructure companies to join the 
NGIN platform and consume or enhance an existing 
solution or add a new solution, as shown in Figure 3. 
 

 
Figure 3:Different modes in which companies can participate on 
the NGIN Insights platform. 

 
Using industry-tailored standard data models, NGIN is 
technology and software independent. With a company-
specific mapping layer, NGIN can connect to any legacy 
system of partner companies and tailor its mapping to 
existing or non-existing data dictionaries. On a monthly 
basis, NGIN loads a high-volume batch of data from the 
systems of record, ranging from geographical and 
technical asset data to customer data. To process these 
volumes of data and apply analytics, NGIN makes use of 
an advanced stack of technologies to produce stable, 
secure results in a timely and correct manner. Open-source 
programming frameworks like Spark are used, running on 
Hadoop clusters. Results are visualized comprehensively 
on a web-based user interface that includes actionable 
dashboards and geographical maps using Mapbox.  
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UTILITY-SCALE LV GRID SIMULATIONS 
WITH THE NGIN GOS SOLUTION 
Grid Optimization & Simulation (GOS) is one of the 
solutions on the NGIN platform. This product allows 
Fluvius’ asset management experts to run load flow 
calculations for their entire LV grid, providing a view on 
the performance of the assets under actual conditions and 
future load growth scenarios.  
 
As already indicated in Figure 2, NGIN uses different 
legacy systems and databases, mapping these data sources 
to the solution’s standard data model. The next step is to 
transform this data into a calculable grid model (Figure 4). 
To do this, NGIN uses a smart approach to tackle a range 
of data quality/availability issues such as non-determined 
topology of grids or connectivity of customers, missing 
data fields, and unknown customer load profiles. 
 
A first complexity is the lack of connectivity between 
buildings and cable segments in the systems of record for 
approximately 94% of the population. Knowing which 
building is connected to which cable is a prerequisite to 
perform load flow calculations. Therefore, NGIN 
developed a geospatial algorithm to calculate an estimate 
of the connectivity with the highest probability. Several 
filters are applied in a funneling principle, taking into 
account cable-to-building Euclidean distance and business 
rules on the allowed combinations for customer and cable 
properties (e.g. connection capacity, star or delta 
connection, mono- or multiphase). This eventually results 
in an estimated cable-building connectivity with the 
highest probability.  
 
The second step in creating a calculable grid model is to 
determine the topology of the LV grid, i.e. which cables 
are connected to form an electric circuit. Again, for part of 
the Fluvius grid, this is not a given in the system of record. 
In the early days of GIS applications, they were merely 
used to visualize the geographic location of assets, not 
register their interconnection. It is only since recent years, 
that infrastructure companies are aware of the importance 
of having a geometric topological model of their LV grids. 
Therefore, NGIN includes an algorithm to model the 
topology of the LV grid based on the creation of directed 
graphs and nodes, so circuits can be derived. Additional 
complexities include unknown or erroneous switching 
positions leading to parallel, circular or floating circuits in 
the data. These cables are flagged and require a directed 
data cleanup/check action in the system of record to match 
the actual situation on the terrain. 
 
The next step is to set up a load flow calculation. For each 
electric circuit, the maximum simultaneous offtake and 
injection power of each customer is required as an input to 
the load flow algorithm. 

 
Figure 4: Overview of the LV grid model used for load flow 
calculations. 

This information is not readily available for the majority 
of customers. Until the introduction of digital meters in 
Flanders in 2019, residential and small commercial 
customers are metered with a Ferraris meter. Hence, no 
direct measurements of peak power exchange with the grid 
are available. However, the maximum simultaneous power 
consumption  (in kW) of a customer at the winter 
evening peak can be approximated based on the annual 
energy consumption (net meter reading) and (if applicable) 
the installed PV capacity:   
  = ∙ 0.000125 ∙ + 0.095  
 = + 0.9 ∙  
 
with  a coincidence factor (<=1) depending on the total 
number of households connected to the feeder,  and 

 the yearly gross and net energy consumption of the 
customer in kWh, and  the nominal power of the PV 
inverter in kVA. If the annual energy consumption is 
unknown,  can also be approximated by: 
 = 0.7 ∙  
 
with   the nominal capacity of the customer’s 
grid connection in kVA. 
 
Furthermore, the maximum simultaneous injection power 
per customer at the summer midday peak  (in kW) 
can be approximated by the equation below. Here, the 
coincidence factor =1 applies. 
 = ∙ 0.9 ∙  
 
The impedances in the circuits are derived from the cable 
and  transformer properties as registered in the systems of 
record, again applying business rules to tackle any data 
quality problems. Finally, the algorithm runs a double 
backward-forward sweep to calculate currents and 
associated voltages for every transformer, node and cable 
in the grid at the winter evening peak and summer midday 
(injection) peak. 
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Results of these calculations are available for exploration 
and reporting in dynamic dashboards and on a layered map 
(Figure 2). This allows end-users to drill down to the 
desired level to identify weak and underperforming spots 
in the grid. In addition to the actual situation, growth 
scenarios for new electrical loads (e.g. PV, EV, heat 
pumps) can be calculated as well, allowing Fluvius to 
quantify the technical and financial impact of the required 
grid reinforcements. This is illustrated in the case study. 
 

CASE STUDY 
Climate goals will initiate a shift from fossil fuels towards 
electricity. To facilitate this energy transition, the LV grid 
will have to accommodate large amounts of decentralized 
generation (mainly PV), EV charging infrastructure and 
heat pumps. These additional loads can cause voltage level 
incompliance and current congestion in the LV grid.  
 
In facilitating this challenging evolution, Fluvius wants to 
minimize societal cost by optimizing utilization of the 
existing grid infrastructure. For example, by applying 
smart grid technologies and tariffs to unlock end-user 
flexibility to minimize peak loading on the grid. However, 
well-targeted and well-timed grid reinforcements will be 
required as well. The next section illustrates how the 
NGIN GOS solution helps Fluvius to gain insights into the 
technical and financial impact of the different growth 
scenarios of these new technologies. This helps business 
experts making better and more informed data-driven asset 
management decisions. 
 
Before diving into the scenario analysis, two side-notes 
should be made: 
- The NGIN data model at the moment of writing this paper 
only contains approximately ¾ of the Fluvius LV grid1. 
However, the analysis and corresponding conclusions are 
representative of the whole Flemish region.  
- There is no consensus regarding EV and PV uptake 
scenarios over time. The purpose of this analysis is to shed 
light on the impact on the grid as the installed base grows, 
without linking it to a given year. 
 
Table 1 gives an overview of the simulation parameters. In 
addition to the actual situation, three growth scenarios A, 
B and C with increasing PV and EV adoption rate are 
defined. The following assumptions are made: 
- The PV, EV and general load growth comes on top of the 
actual situation. 
- The PV and EV growth numbers reflect the percentage 
of residential customer connections (3.5 million in 
Flanders) adopting EV or PV technology.  
- New loads are spread evenly over the LV grid. 

                                                           
1Fluvius was founded in 2018 by the merger of the two Flemish 
distribution companies Infrax and Eandis. Only the former 
Eandis grid is currently included in NGIN. 

- The load growth is a general factor applied to the actual 
residential consumption (e.g. heat pumps). 
- Nominal power of the newly installed PV inverters is 
limited to 4 kVA. 
- A distinction is made between full EVs and plugin-hybrid 
PHEVs charging with 11 kVA and 4 kVA respectively.  
-A coincidence factor 0.7 is included to reflect a relatively 
high concurrency of EV charging during the evening peak. 
 
Table 1: Scenario overview, with PV and EV adoption rates as a 
percentage of the total number of residential customer 
connections on the Flemish LV grid. 

 Actual A B C 
Load 

growth - +5% +10% +20% 

PV 
(4 kVA) 7% +7.2% +14.4% +28.8% 

PHEV 
(4 kVA) 0% +5.76% +7.68% +13.4% 

EV 
(11 kVA) 0% +1.44% +6.72% +15.37% 

 
The simulation results are presented in histograms (Figure 
5 to Figure 8) to show the relative impact of the different 
scenarios in terms of transformer and grid loading (as a 
percentage of rated capacity) and voltage rise/drop (as a 
percentage of nominal voltage). The red categories 
contains grids and transformers subject to intolerable 
overloading or voltage incompliance, i.e. requiring a 
reinforcement. 
 
Looking at the actual situation, we see that more than 80% 
of the LV grid cables have more than 50% spare capacity 
left. The grids with the highest load are found in densely 
built urban areas. In rural areas where grids are generally 
longer, the voltage level is most often the limiting factor.  
The relatively low EV count in scenario A (approx. 250k 
cars) can be integrated into the Flemish LV grid with very 
limited impact. Only the weak grids are subject to 
congestion risk. In scenario B (approx. 500k cars), 10% of 
grids and 8% of transformers need replacement or 
reinforcement.  In scenario C (approx. 1 million cars), this 
increases to 20% and 25%, respectively. The associated 
costs in scenario C largely exceed the actual investment 
budget of Fluvius. Accommodating such high numbers of 
EVs, and keeping the societal cost at an acceptable level, 
can only be achieved by promoting/imposing measures to 
reduce the grid impact of EV charging. At-home EV 
charging stations should have limited power, not 
exceeding 16A per phase. Incentives should be introduced 
to encourage off-peak charging, for example with time-of-
use tariffs or coordinated smart charging. Furthermore, 
chargers with local droop-control can also limit grid 
impact.  
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Figure 5: Histogram of maximum grid cable loading, simulated 
for actual situation and scenarios A, B, C. 

 

 
Figure 6: Histogram of maximum voltage  drop in the low voltage 
grid, simulated for actual situation and scenarios A, B, C. 

 

 
 
Figure 7: Histogram of maximum distribution transformer 
loading, simulated for actual situation and scenarios A, B, C. 

The simulated PV growth scenarios show that the Flemish 
LV grid still has sufficient hosting capacity to 
accommodate the small power (4 kVA) PV systems as 
defined in the scenarios. There is only limited impact, 
mainly due to overvoltage, in long (overhead) lines in rural 
areas (Figure 8). For the simulated scenarios, it is clear that 
the EV impact leads the PV impact.  

 
Figure 8: Histogram of maximum voltage  rise in the low voltage 
grid, simulated for actual situation and scenarios A, B, C. 

 

CONCLUSION 
This paper introduced the NGIN Insights analytics 
platform as a tool to support Fluvius in making better and 
more informed data-driven asset management decisions. 
The upcoming wave of electrification, part of the energy 
transition, introduces large uncertainties in terms of 
distribution grid capacity requirements. Future-proof grid 
development requires a good view on the actual and 
anticipated load on grid components, considering different 
possible electrification scenarios. The case study in this 
paper illustrates how NGIN can help Fluvius gain these 
insights with advanced data analytics. The simulations 
show that a large-scale EV rollout will have a big impact 
on the Flemish LV grid, requiring significant grid 
reinforcements. In order to keep societal costs at an 
acceptable level, accompanying measures and incentives 
to reduce the grid impact of EV charging should be 
introduced. As a result, more EVs can be hosted on the 
existing grid infrastructure. 
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