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1. Introduction

When developing new office building with warehouse or logistics facilities, it is essential to consider their
future energy needs at an early stage. In the context of increasing grid congestion, it has become even
more important to assess whether the required grid connection capacity is available and to pro-actively
identify alternative solutions where necessary. In parallel, maximising the use of locally generated
renewable energy can contribute to improved overall energy efficiency and reduced environmental
impact of the building.

As an example, Essent conducted a short in-depth study and developed a proposed energy connection
and charging concept for a new office building and warehouse. The proposed connection is designed not
only to support the building and its operational energy demand, but additionally also to provide charging
facilities for employees’ vehicles and delivery vans.

In this memo, the following research question is answered: ‘What are possible energy solutions for new
facilities for customer X in times of grid congestion?’

2. Situation description

As an initial estimate, the expected total energy demand of the facility was determined based on the
installed equipment and estimated work patterns. In a second step, benchmark data from similar facilities
was used to refine this estimate.

In addition, requirements were defined to support charging infrastructure for employees’ vehicles and the
company’s delivery vans.

From an operational perspective, it was assumed that the facility operates during normal office hours,
from Monday to Friday, between 08:00 and 17:00. Under this assumption, employee vehicles would
primarily charge during office hours, while delivery vans would mainly charge outside working hours.

If the available grid connection capacity during the day is insufficient, priority is given to supplying the
facility’s operational energy demand over employees’ vehicle charging.

With regard to the proposed solutions, it is assumed that the grid connection capacity is limited.
Therefore, the solution should combine multiple energy assets to optimise energy generation and usage.
Different assets can be combined and optimised, as not all assets are utilised simultaneously. On-site
energy generation is subject to constraints related to available space and the expected power demand.

The concept, connection and energy sources for the facilities are presented in Figure 1.
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Figure 1: Schematic of expected energy sources for customer X.

The methodology employed consisted of an initial feasibility study followed by a more in-depth design
phase. The feasibility study was conducted to provide the customer with an overview of what would be
possible and to give a preliminary indication of costs and benefits. As such, it included multiple
assumptions and estimates.

After the customer approved further development, Essent proceeded with a detailed design. This design
was based on customer-provided data that had also been used in the building design phase. However,
it was later observed that this data assumed a significantly higher energy demand than was realistic.

As a result, the initial design was over-dimensioned, leading to higher investment costs than necessary.
To address this, a revised design was developed, aligning the energy system with more realistic demand
levels while reducing overall investment costs.

3. Proposed energy solutions

3.1. Initial proposition: No operation flexibility, high peak demand

Characteristics: The system is designed with operations as usual, meaning that all devices can operate
at any time without restrictions, resulting in a high peak power demand. To support this, the solution pro-
vides high flexibility on the energy supply side through a combination of generation, storage, and

grid usage. The objective is to allow the customer to operate without compromising energy use, while
minimising reliance on the generator and maximising the use of renewable and grid energy.

The generator is therefore intended only for peak demand and backup purposes.

) TNO Public 2/6



TNO Public Date
13 April 2026
Our reference
TNO-2026-16178

The initial proposal is based on a system design that allows for maximum operational margins and
operation under peak performance conditions. The energy system is designed to enable all components
to be started up at any time.

The expected grid connection capacity available to the facility is 55 kW, while the estimated peak power
demand is approximately 210 kW. Based on the expected operational profile, annual energy
consumption is estimated at 818 MWh.

To meet this demand, a photovoltaic (PV) system with an installed capacity of 430 kWp has been
proposed. To cover periods of low solar generation and provide a continuous power supply, the proposal
included a biogas generator with a rated power of 240 kW. Although the selection of a biogas generator
aims to reduce the facility's CO,-impact, biogas generators are significantly more expensive than
biodiesel generators.

To further reduce generator usage, a battery energy storage system (BESS) with a storage capacity of
500 kWh has been proposed. This system can store surplus energy generated by the PV system and
release it during periods of low solar generation.

3.2. Revised proposition: more realistic energy demand

Characteristics: The main objectives remain unchanged; however, the system is scaled down to reflect
more realistic energy consumption levels. This leads to a further reduction in expected generator usage,
in line with the goal of limiting its use to peak and backup situations. In addition, demand optimisation
measures are proposed, although on a voluntary basis. Operational recommendations are provided to
guide user behaviour towards more efficient energy use, but the system is designed to ensure that
sufficient energy is available even if these recommendations are not fully followed.

A more sophisticated solution was proposed based on insights from similar facilities. This revised
approach takes into account the lower-than-expected energy demand and includes additional measures
to reduce peak power demand, such as demand optimisation and improved management of load
availability during the start-up phase of the working day.

For instance, the climate control system could be activated later in the morning, once PV generation
becomes available. In addition, a larger energy reserve could be maintained in the BESS to supply
predictable loads. This operational strategy can be further optimised based on actual PV energy
generation and observed vehicle charging behaviour.

By combining adjustments to the charging strategy with increased flexibility in the sequencing of
electrical loads, the expected peak power demand can be reduced to 115 kW. Consequently, the
estimated annual energy consumption is reduced to 256 MWh/year.

The grid connection capacity remains unchanged at 55 kW. However, the PV system capacity is
increased to 500 kWp, while the generator capacity is reduced to 50 kW. The required BESS capacity is
also reduced to 230 kWh as shown in Figure 2.

Under this revised load scenario, the generator’s operating hours are reduced. This reduction allows
a shift from biogas to biodiesel while still achieving lower expected CO,-emissions compared to
Scenario 1. Lower CO,-emissions are important for reporting requirements and for demonstrating
compliance with sustainability objectives for the facility.
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Figure 2: Scenario 2 energy connection schematics.

4. Outcomes

Considering the estimated annual energy demand of 256 MWh, it is expected that around 105 MWh of
energy will need to be purchased from the grid. This relates to the coverage of energy needs in winter
and when PV production is insufficient. Based on data from the Global Solar Atlas, the PV production is
estimated at around 446 MWh.

As mentioned, based on the data from the Global Solar Atlas, it can be observed that, for most months,
the majority of solar generation occurs during the facility's operational hours (Figure 3). During the winter,
PV generation may not fully cover the total energy demand if the energy demand is distributed equally
throughout the year (see Fig. 4). It is expected that 49% of the generated PV energy will be consumed
by the facility. This can be achieved thanks to the BESS. The BESS throughput energy is estimated at
around 60 MWh. To cover peak demand when insufficient PV generation occurs, it is expected that

the generator will need to deliver around 1.7 MWh of energy, which translates to around 473 litres of
bio-diesel.
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Figure 3: Expected PV energy production based on Global Solar Atlas.
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Figure 4: The facility's energy balance over the course of a year.

It is expected that approximately 226 MWh of excess energy will be generated by the PV system.

This energy can be used for charging employee vehicles or, alternatively, exported to the grid.

At present, however, exporting energy is not possible due to grid congestion. Although this may change
in the future, the grid operator has not provided a timeline, and it is therefore likely that this limitation
will remain for several years. As a result, the available surplus energy must either be used for vehicle
charging or will be lost.
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5. Conclusion

In summary, the solutions focus on supporting a limited grid connection with on-site PV generation,
battery energy storage systems (BESS), demand-side optimisation, and supplementary generation
(e.g. biofuel-based generators) to ensure reliable operation while minimising peak power demand.

Moreover, it is interesting to conclude that the Essent study results show that designs based solely on
building plans and nominal equipment capacities can lead to oversizing of the solution. Incorporating
realistic operational assumptions appears essential to avoid over-dimensioning.

Furthermore, some key take-a-ways emerged from the study:
Firstly, when there is no sufficient grid connection, it is important to consider and integrate different
energy components, such as grid connection, PV, BESS and generators.

Secondly, system sizing and scoping should be combined with an understanding of energy consumption
patterns. Aligning energy generation profiles with consumption patterns and shifting consumption away
from peak times helps to reduce demand at these times and improves overall energy utilisation.

Thirdly, grid congestion affects not only the supply of energy from the grid but also the ability to export
energy to the grid. Therefore, oversizing energy production can lead to wasted energy and unnecessary
investment if alternative uses, such as charging employee vehicles, are not explored.

Fourthly, if conventional diesel fuel (EN 590) were used instead of biodiesel, the expected
CO,-emissions from generator operation would be approximately 1,500 kg CO, per year, calculated
on an operational (tank-to-wheel) basis.

Fifthly, for biodiesel, direct operational CO,-emissions are accounted for as zero, in line with standard
reporting practices. However, when a life-cycle assessment (well-to-wheel) perspective is applied, bio-
diesel still results in emissions. Under the assumed operating conditions, these life-cycle emissions are
estimated at approximately 23 kg CO,, per year.

Finally, energy flexibility, enabled through BESS, demand-side management, and adaptable charging
strategies, is a key enabler for operating facilities under constrained grid connections.

5.1. Limitations and open points

Due to non-disclosure agreements, sharing detailed data on Essent customer behaviour patterns is not
feasible. As a result, in-depth analysis at a daily or monthly resolution could not be performed.
Yet Essent validated the emerged findings of this study.

For the same reasons, expected charging behaviour and vehicle usage patterns could not be explicitly
analysed or presented in this memo. It is recommended that Essent and its customer will execute a more
detailed study further on in the development process, to better understand and create more insight into
the electric charging limitations.

The memo is based on limited data from the company in question because of privacy issue, making it
challenging to fully assess and validate the design choices proposed. Nevertheless, the results clearly
indicate that improvements could be achieved by reducing reliance on the generator and by lowering
peak power demand of the facility. This enabled more effective utilisation of the grid connection, battery
energy storage system (BESS), and PV power generation.
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