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Abstract. Industrial parks are the backbone of every de-
veloped industry. They exist in various forms, differing in
the composition of resident companies, their size and
their underlying energy infrastructure. In the ERDF-
funded research project “GRIDS - Green Energy for Indus-
trial Networks” the potentials and improvement possibili-
ties of innovative energy supply concepts in commercial
and industrial parks were investigated. An elementary
challenge is the prediction of the (bundled) energy de-
mand, which is necessary for the ecologically and eco-
nomically sustainable long-term design of energy supply
concepts. The data available to planners and researchers
for such projects is usually incomplete and undetailed or
simply non-existent. Therefore, this paper presents an ap-
proach that uses statistical methods to provide better es-
timates of the bundled energy demand of business parks.
This method supports the efficient planning of sustaina-
ble energy concepts.

Introduction

For aninitial assessment of sustainable and cost-effective
energy conceptsinindustrial parks, direct data collection
and measurement is usually too costly and time-consum-
ing. Analyzing comparable energy consumers alone is
also unable to provide comprehensive information about
the situation at the planning site. Because it cannot be as-
sumed that even companies of identical industry, sizeand
structure have the same load profile. Another barrier is
that energy data is often not made available because it is
frequently considered sensitive data in manufacturing
companies.

In addition, particularly smaller companies lack
transparency with regard to their energy data. These are
usualy very undetailed e.g., based solely on monthly in-
voices from the energy supplier. The result is that in
many projects there is only an insufficient data basis for
the reliable planning of energy networks.

However, knowledge about the temporal course of
the energy and power demand is a basic prerequisite for
asustainable design of the energy supply system with the
aim of increasing the share of renewable energies and the
integration of energy storage options. In this context, the
integration of hydrogen-based energy systems is attract-
ing increasing interest in science and practice, which will
be discussed in more detail in the application section.
Only with the right and accurate information is it possible
to plan operating resources efficiently, which isimportant
given the often enormous amounts of investment involved,
thelong-term nature of thelargely irreversibleinvestments
and lock-in effect of greenhouse gas emissions associated
with the energy infrastructure in use[1, 2].

Based on this, amethodol ogy was devel oped that pro-
vides a process model for estimating the energy demand
of bundled supply concepts. By using the of the proposed
method to estimate the energy demand of (heterogene-
0uS) energy consumer groups, as they are represented by
companies in business parks, the simulation and the de-
sign of the energy systems can be improved, thusthe net-
work planning based on empirical values can be sup-
ported by atarget-oriented method [3].

Theaimisnot to establish new standard load profiles,
but to apply the established ones in such away that they
can be used at the company and business park level. For
that purpose, the paper presents a brief overview of the
state of the art of energy data collection, followed by a
short introduction of the the proposed procedure model.
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Based on this, results of the methodology are pre-
sented and illustrated by an application example for the
integration of hydrogen into an industrial park. This pa-
per is an extended and adapted version of the original pa-
per by Jacobsen and Stange presented in 2020 [4].

1 State of the Art

The identification of internal optimisation potentials and
the requirements of external stakeholders (e.g., energy
suppliers, customers etc.) make energy data collection
necessary and helpful for many companies. Exampl es of
external drivers are:

e |n Germany companies with an annual reguirement

of > 100,000 % must record their actual load pro-

file (according to §12 StromNZV).

e |ntroduction of an energy management system ac-
cording to DIN EN SO 50001 in order to receive re-
funds on electricity tax (according to 8§10 StromStG).

e Energy dataasabasisfor calculating company-wide
carbon emissionsin order to achieve carbon neutral-
ity for example in accordance with BSI PAS 2060
[5]. This results from growing demands from cus-
tomers regarding sustainability.

In general, adistinction can be made between three types

of energy data collection [6].

1.1 Calculation

The calculation of energy values requires a compre-
hensive basis of technical and organizational data, which
is not aways readily available. For example, an annual
energy requirement can be estimated with the help of the
performance data of a machine and its operating times.
The advantage of thismethod is that no measuring equip-
ment or intervention in the running operation is neces-
sary. A disadvantage is the complexity of the calcula-
tions, e.g. to calculate the total energy demand of abuild-
ing. It can be assumed that smaller companiesin particu-
lar do not have the necessary knowledge to carry out
these calculations [7].

1.2 Temporary measurement

With the help of temporary measurements, the data
basisfor the cal cul ations of energy data can beimproved.
The costs are higher than for asimple calculation, but the
data basis and the calculation results can be validated. In
addition, the costs are lower than those of permanently
installed measuring devices [7].
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1.3 Permanently installed measuring device

Thistype of energy datacollectionisparticularly suit-
able for in-depth analyses and offers automation options
for the collection of energy-related data. On the other
hand, however, the acquisition costs are high and the data
volumes require agreat deal of evaluation [7].

Any type of energy simulation, be it simulations for
the design of supply grids, an energy-oriented material
flow simulation to investigate the effects of energy flex-
ibility measures or the simulation of technical building
servicesin afactory, require a suitable database to create
energy models [8]. The underlying approaches to energy
data collection for the simulation are based primarily on
temporary energy measurements [8]. Such approaches can
still bejustified on the scale of a production system or fac-
tory, but for the energy analysis of an entire commercial or
industrial park, the effort istoo high in most cases.

In order to generate energy data for commercial and
industrial parks without much measurement effort, stand-
ard load profiles could theoretically be used. Standard load
profiles are representations of aload curve over a defined
period of time. The German Association of Energy and
Water Industries (BDEW) has created such profilesfor the
commercia and household sectors [9]. Reliable standard
load profiles do not exist for industrial companies, as the
load profiles exhibit very different patterns [10]. In order
to nevertheless generate standard load profiles from afew
measurements, Emde et a. developed a method for en-
ergy-intensive industry [10]. One of the advantages is a
faster smulation of energy efficiency measures.

In the af orementioned project GRIDS it was al so con-
firmed that the known standard load profiles should not
be used to simulate the el ectrical energy demand of mod-
ern industrial enterprises without some adjustments.
Contrary to the approach presented by Emde et a. [10] a
bundled load profile is aggregated in the present paper
through the synthesis of different standard load profiles
of the BDEW [9].

2 Methodology

The procedure model is based on the use of standard load
profiles. When using standard load profiles, general
statements on the consumption behaviour of electrical
energy can only be created for certain user groups [9].
Accordingly, it is necessary that the energy consumers
grouped together are regarded as homogeneous.
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Only in this way can an estimation of the energy de-
mand of an entire area be realised in the necessary qual-
ity. However, project results have shown that such as-
sumptions cannot be made [11]. For this reason, the pro-
cedure model for the improved estimation of bundled en-
ergy demand was developed. This model can form the
basis for the demand planning of the electrical power
supply network. The aim is to select the appropriate
standard load profiles in such a way that the security of
supply of the networks is maintained and supported.
Oversizing, asis the case with the classic application of
standard load profiles, is thus to be avoided. The basic
procedure for network planning with the help of standard
load profilesis shown in Figure 1.

Scaling of the load
profile of each user

Determination of the
load profile and thus
according to their the maximum load of
annual energy the entire investigated
demand area by summation

Determination of the
standard |load profile
that best suitsthe
user.

Figure 1: Procedure for determining the load profile and
the maximum loads when standard load profiles
are used.

With the help of stochastic methods, such as correlations
and further significance analyses, connections of the in-
dividual actual and summarised load profiles to known
standard load profiles are investigated [12].

The correlation coefficient () describes the correla
tion between two variables [13]. This coefficient has a
range of values between -1 and 1 (W, = [—1;1]). The
more it approaches 1, the more pronounced the correla
tion between the two variables, whereby a positive corre-
lation coefficient (r > 0) indicates an equally positive
correlation; if one variable increases, the other also in-
creases. In general, a correlation coefficient greater than
0.5 (|Jr| > 0,5), is considered a high correlation [14].
Various methods can be used to calculate the correlation.
Many variables examined and simulated in practice are
normally distributed, so Pearson's method is usually
used. However, in many casesit becomes apparent that a
test of the type of distribution should be carried out be-
fore the method is selected [15]. The presence of a nor-
mal distribution can be checked by determining skewness
and kurtosis. For normally distributed variables, both val-
ues should be closeto 0. The following table showsasig-
nificant deviation of the standard load profiles from this
criterion.

GO G1 G2 G3
Skew 6,14 11,28 -0,09 114
Kurtosis -6,63 -3,06 -712  -8,38

Table 1: Skewness and kurtosis of the standard load
profiles GO to G3.

The standard load profiles (SLP) GO to G3 describe the
load profiles usually used as a basis, differentiated by
trade type, whereby GO describes general trades (formed
from the mean value of the SLP GO to G6), G1 describes
trades with working hoursfrom 8 am. to 6 p.m. on week-
days, G2 describes trades with a predominant energy de-
mand in the evening hours and G3 describes passing
trades[12].

Due to the distribution type of the data, the calcula-
tion of the correlation coefficients according to Spearman
isused here. The test for standard normal distribution ac-
cording to skewness and kurtosis has shown that the ex-
amined load profiles and standard load profiles are not
normally distributed quantities. Therefore, no parametric
methods can be applied to the examined variables and the
use of Spearman correlation is preferable to Pearson cor-
relation [16].

In the case of amere mathematical analysis of the cor-
relations, however, errors can occur in the application
even with the correct choice of method; these are often
described in the literature by so-called spurious correla-
tions. These are mathematically correctly calculated cor-
relations which, however, only allow insufficient conclu-
sions to be drawn about the real dependency when
viewed causally [17]. When investigating the correlation
between standard load profiles and the actual load pro-
file, a spurious correlation must be ruled out.

The load profiles were created on the basis of a rep-
resentative sample. The sample results from surveys con-
ducted as part of aresearch project. Real load profiles of
medium-sized companies located in an industria park in
Saxony were collected and evaluated. Consequently, asit
was expected there was a correlation between the exam-
ined real load profiles and the standard load profiles. Af-
ter al, energy requirements of commercial customers
were investigated and the standard load profiles are in-
tended to reflect the requirements of this very customer
group. Nevertheless, an additional graphical application
of the maximum likelihood method takes place. The ne-
cessity of the additional graphical evaluation becomes
clear in Figure 2.
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Figure 2: Comparison of the standard load profiles with an
examined actual load profile within one week.

It becomes apparent that, in addition to purely mathemat-
ical methods, graphical methods should also be used to
determine the best fit in order to evaluate the deviation of
the actual power demand. This is because the use of cor-
relations only examines the formal correlation of the dif-
ferent load profiles; it does not ensure the actual devia-
tion of the (normalised) energy demand. This additional
step enables an improvement of the estimation of energy
demands and must be automated in the future by suitable
procedures. The improvement ismainly achieved by sep-
arating the load profiles by time of day aswell as by day
of the week. Finally, an adapted synthetic load profileis
composed in such a way that a best fit can be ensured
according to visual progression (whereby correlation, en-
ergy quantity and peak load are equally represented) for
day and night as well as for weekdays and weekends
combined. After adjusted synthetic load profiles (load
profiles for night - working day; day - working day;
weekend) are formed for the prediction of the bundled
energy demand and combined into aload profile, they are
scaled on the basis of the expected total energy demand.
The scaling in this case is done with the aim of equality
of the expected annual energy demand and the integral of
the modelled adjusted synthetic load profile.

Selection of the standard
Determination of the load profiles with the
Spearman correlation of the
standard load profiles, to the

actual load profile

highest correlation and
verification with the help of
graphical maximum
likelyhood

Adjustment of the energy
demand of the generated
adjusted synthetic load
profile to the actual energy
demand by simple
multiplication

Case differentiation
according to time of day
and day of week for best-fit
combination of the adapted
synthetic load profile

Figure 3: Procedure for determining the load profile
and the maximum loads when using adapted
synthetic load profiles.
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The advantage of the method comes into play when a
sufficiently large database is available due to continuous
application. It is thus possible that only the industry, as
well as the shift model and the expected annual energy
demand and the expected maximum load are required as
input parameters for later smulations. The initial imple-
mentation of the method presented here has shown that it
is able to reproduce load profiles more accurately than
with the help of the established standard load profiles. A
possible extension of the method isthe comparison of the
results with reaity and an adjustment of the used
parameters.

3 Results

The procedure model leads to an improvement of the
technical design of supply networks and thus supportsthe
ecological and economic optimisation in planning and
simulation. Theformation of adapted combined synthetic
load profiles enables an efficient estimation of the energy
and power demand of user groups of electrical energy.
The lack of a normal distribution of the energy demand
leads to the use of Spearman correlations and thus to de-
viating results compared to the generally accepted use of
Pearson correlations [18, 19]. However, it could be
shown that a normal distribution cannot be spoken of for
(standard) load profiles. In order to be able to apply the
generally used Pearson method correctly, the (normal-
ised) skewness and kurtosiswould have to bewithin lim-
its close to zero [20].

Nevertheless, the results showed a clear deviation of
the parameters from a normal distribution. To illustrate
the importance of schoosing the correct method for de-
termining correlation, the results according to Pearson
and Spearman for the sample studied are shown in the
following table.

Spearman Pearson
GO 0.43 0.44
G1 0.51 0.29
G2 0.31 0.33
G3 0.37 0.66

Table 2: Comparison of the correlation coefficients
according to Spearman and Pearson.
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Choosing an unsuitable method is particularly criti-
cal, asthis can lead to an incorrect selection of the stand-
ard load profilesto be used, as Table 2 shows. Neverthe-
less, this imprecision would not lead to unusable results
through the use of graphical methods (maximum likeli-
hood) and the division of the standard load profiles ac-
cording to time periods. Yet, it has been shown that the
quality of the result of the method for creating the ad-
justed synthetic load profiles depends significantly on the
correct correlation analysis. In the example shown, it can
be clearly seen that if the standard load profile G3 (high-
est correlation according to Pearson's method - compare
Table 2) was chosen, a standard load profile would be
chosen whose assumptions do not correspond to the ac-
tual mode of operation of the companiesinvestigated (G3
appliesto throughput businesses, but the local companies
usualy work in one-shift operation, at most in two-shift
operation). Thus, the combination of the standard load
profiles GO to G3 forms a much better estimation of the
actual conditions.

At this point it should be pointed out again that the
application of the wrong correlation analysis with the
right conclusions (choice of SLP G3) already leads to a
considerable improvement compared to the conventional
approach. According to the approach shown in Figure 1,
standard load profile G1 would be used for the industrial
park to predict the load profile with its peak load. How-
ever, Figure 2 shows that the actual peak load is only
about 60 % of the peak load of G1. In current network
planning, however, planning is done according to the
standard load profiles (so that G1 isusually used as a ba-
sisfor planning). Thus, a contribution to the optimisation
of network planning can be made simply by applying a
correlation analysis and deriving correct conclusions.
The full potential of the method presented is only ex-
ploited by applying the correlation analysis according to
Spearman to create adapted synthetic load profiles. Only
the combination of the standard load profiles with the
highest correlation (only these are shown in Table 1) pro-
videsthe basisfor an improved estimation of the bundled
energy demand.

By combining these standard load profiles, not only
the load but also the load profile can be predicted very
accurately. Finally, overcapacities of the energy grid can
be avoided by the presented method. In the example stud-
ied, the installed grid capacity can be reduced by 30 %
during planning. Nevertheless, an installed transmission
capacity of 125 % of the actual maximum load remains,
so that no capacity bottlenecks are to be expected.

The method presented also succeeds very well in re-
producing the actual load profile. There is an improve-
ment in the average deviation of the predicted from the
actual energy consumption of 50 %. This parameter is
particularly important for the planning and simulation of
possible flexibility measures and their control.

4 Application

Data acquisition isan indispensable phasein any sm-
ulation project, as described, for example, in the proce-
dure model by Rabe et al. [21]. It strongly influences the
quality of the simulation study. On the other hand, in
most simulation projects there are tempora restrictions
that prevent or at least limit the collection of primary
data. Obtaining meaningful energy data is particularly
problematic.

With the help of the procedure presented here, more
accurate input data for simulation models can be gener-
ated more quickly. This may reduce the the time and
quality of simulation projects in the area of energy effi-
ciency and energy flexibility measures in commercial
and industrial parks significantly and improves the qual-
ity and validity of planning measures. The presented
method can be applied in the planning of the energy de-
mand of industrial and commercial networks. It is no
longer necessary to use the simple standard load profiles,
which, from the current point of view, are not applicable
for the detailed planning of the supply concept of indus-
trial (and commercial) companies, neither with regardsto
the peak load nor the load profile. The conseguences
would usualy be overcapacities in network planning and
poorly adapted schedules for the supply of eectrical en-
ergy. The presented method thus makes a decisive contri-
bution to the simulation of energy flowsinindustrial parks.

Through the increasing adoption of renewable energy
sources the energy supply system is being transformed
from acentral to amore decentralized approach. The grid
supply is extended by decentralized energy sources such
as photovoltaic and wind energy as well as new energy
carriers such as hydrogen. Additionally, cogeneration
plants may also supply electricity aswell as heat and are
abeneficial addon for renewable energies due to their in-
dependence from actual weather.

The share of companies that invest in on-premise en-
ergy supply systems is rising constantly mainly to cope
with high energy prices and to decrease overall carbon
emissions.
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Furthermore, storage technologies are established to
compensate the fluctuating character of renewable ener-
gies and smoothen energy load levels. This may be bat-
tery, heat, or even hydrogen storages. Especially green
hydrogen is a promising energy carrier to raise self-sup-
ply level and store energy for future industrial applica
tions. In combination with fuel cells and cogeneration
plants, another decentral supply technology can be estab-
lished to decarbonize industrial processes.

Thus, the energy supply structures are getting more
complex in green- and brownfield planning but also op-
erations. Still, some of these technologies are cost-in-
tense and many companies do not provide the prereques-
itesto utilize these technol ogiesin the most cost-efficient
way. To address this shortcoming, one solution may be
the shared usage of decentralized supply and storage
technologies within industrial parks of severa compa-
nies. According to individual load levels and overall en-
ergy demands a shared supply and storage infrastructure
can be established which focuses on a high usage of en-
ergy from various sources. In thisregard, Wei et a. pro-
vide an overview of previous publications that consider
water electrolysis and the use of hydrogen as one compo-
nent of the decarbonization of industrial parks [22]. In
their publication, they also argue that in the future such
hydrogen-based energy supply systems in industrial
parks will represent the most economical form of decar-
bonization [22].

By using theload profiles one can estimate the energy
surplus coming from the renewable energy sources. This
electrical energy can be used in an electrolyzer to gener-
ate green hydrogen. Hydrogen can be used in afuel cell
to cogenerate heat and electrical energy in times of little
renewable energy yield. The dimension of those cogen-
eration units and the combined storage technologies
needs to be planned carefully, since the prices for those
units are high. An oversized system will never reach its
peak performance and leads to unnecessary high invest-
ment costs, whereas an undersized unit will not be able
to power the grid. For factories, which are in most cases
the most common users of industrial parks, there are sev-
eral more possible applications of hydrogen. The most
promising applications are high grade heat generation,
the refuelling of fuel cell powered utility vehicles or as
feedstock for certain chemical processes[23]. Fig. 4il-
lustrates a scenario which includes both, centralized and
decentralizend energy supply and storages for electrical
energy aswell as hydrogen.
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The scenario was modelled for the project H2Wind.
Aim of the project is the development of a novel, com-
pact water electrolyzer that operates efficiently and
quasi-autonomously in harsh conditions at seain order to
provide green hydrogen for industrial applications, either
by pipeline or other means of transport. A simulation can
support the investigation of the economical and ecol ogi-
cal sustainability of using off-shore green hydrogen in a
medium sized industrial park. Users of this industrial
park located near the shorelines of the North Seainclude
a factory for machine tools, a textile factory, alogistics
facility and some offices.

Thetheoretical potentials of these operational scenar-
ios require integrated planning approaches. Especially
energetic data of all relevant energy consumers, in this
case the companies itself, need to be transparent. Here,
the introduced approach can be used to determine the
load levels of al the companies and generate an overall
load profile to scale the storages and the supply with hy-
drogen, the cogeneration plant and the physical energy
supply infrastructure accordingly. Furthermore, common
load profiles can be matched with typical data of solar
gains to scale photovoltaic systems and estimate dimen-
sions of battery storages as well.

Supply level

(9L
-oQ\- Y

%Power Grid

Electricity Storage Hydrogen Storage

Hydrogen

Cogeneration

Fuel Cell Plant

Distribution
Grid

Offices Machine Textiles Mechanical Logistics
— Tools Factory Factory Manufact. g

Figure 4: Application of energy supply and storage
technologies.

5 Discussion

The procedure model is able to reliably generate energy
demands based on the expected total annual energy de-
mand and the assumed peak load. There is an enormous
improvement compared to the conventional use of stand-
ard load profiles. A disadvantage of the method is the
graphical control decision for the choice of the corre-
sponding standard load profile within the individua time
periods.
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The quality of the control decision again depends on
experience and subjective feeling. This procedure is op-
timised in the course of the further development of the
methodology towards an automatic selection, which en-
sures an objective selection. It has been shown that this
additional graphical control or selection of the composi-
tion of the adjusted synthetic load profiles limits the ef-
fects of a possibly incorrect choice of method for deter-
mining the correlations. Thefinding, which indicates that
(standard) load profiles are not normally distributed
guantities, showsthat data series should always be exam-
ined with regard to their distribution type and, if neces-
sary (if no distribution type can be determined), non-par-
ametric methods must be used. It should also be noted
that the need to predict energy demand as accurately as
possible with the help of synthetic load profiles exists
only for electrical energy. When resorting to gas (herein
theform of green hydrogen), the pipeline and storage net-
work provides a buffer. However, load profiles must be
used again to scale resources for sector coupling (gas to
power). Thisisthe only way to efficiently deploy hydro-
gen fuel cells for system service provision as described
by Jacobsen in 2022 [24].

In summary, the presented method contributes to a bet-
ter simulation of energy demands of industrial companies
and industrial and commercia associations. The method
itself thus smulates the load profile of companies.
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