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The ongoing energy transition is 
shifting power generation from a 
small number of large power plants 
to numerous decentralized plants. 
To ensure that grid stability con  - 
tinues to be guaranteed, uniform 
regulations have been established 
throughout Europe via Regulation 
EU2016 / 631. With the subsequent 
implementation of German national 
standards (VDE4110 and 4120) 
three different ways of proving the 
grid conformity of plants have 
been indicated: firstly, via a unit 
certifi cate for standard machines, 
secondly via a prototype process 
that also leads to a unit certificate 
and thirdly, individual machine 
verification procedures. Typically, 
certification is carried out by a 
third party. With these certification 
procedures, manufacturers and 
plant operators as well as network 
operators are confronted with new 
tasks. Additionally, especially with 
regard to cus tomer- optimized, 
smaller steam turbines, the certi - 
 fication process also poses a 
commercial challenge.

Howden / KK&K steam turbines are 
often used for residual steam 
generation, as reducing stations in 
district heating networks or in a 
biomass plant. In order to generate 
a maximum return from the exist-
ing process parameters such as 
steam quantity and steam pres-
sure, the machines are designed 

and optimized according to the 
 customer’s specific require ments. 
For customized machines, the only 
reasonable certification route is the 
individual machine verification 
procedure. The resulting additional 
costs, which do not add any value, 
amount to up to one third of the 
total machine costs and thus re- 
 present an enormous economic 
burden.

Two major challenges exist in the 
context of plant certification by 
itemization: the technical inter-
action of all components and the 
process-related co ordination of the 
numerous parties involved. 
Technical requirements are usually 
met by two or more components, 
which often come from different 
manufacturers. Thus, the con-
sideration of the interaction of the 
plant components is essential, 
especially in the evaluation of 
dynamic ptrocesses. In the 
process- related interaction, it is 
shown how all parties involved – 
from network operator, plant user, 
manufacturer, numerous suppliers, 
test facility to accredited certifier – 
are coordinated in order to 
conclude the process.

By mastering the complex process, 
plant certi fi cation is also possible 
for individual customer- optimized 
steam turbines.

Introduction

Experiences with grid connection guidelines and the 
certification of Howden /KK&K-Steam turbines

Abstract
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Global trend of energy transition and its challenges for 
the grid infrastructure

The widely-discussed topic of climate change poses 
hitherto unknown difficulties for almost all areas of life. 
Thus, energy production is also being converted from 
fossil-fuelled large-scale power plants to sustainable 
energy production. CO2 emissions are usually used as 
a measure of environmental damage. 

In Germany, the largest percentage of CO2 emissions 
stem from public electricity and heat supply, with a 
share of 41% [1]. Although CO2 emissions per kWh 
decreased by 36% from 1990 to 2018, only 30% of CO2 
is being saved in total due to the increasing demand for 
electricity. The targets of the European Union specify a 
reduction in CO2 emissions of 55% by 2030 compared 
to 1990. 

In the future, electricity demand will continue to rise, due 
to, for example, increasing electromobility, automation 

and digitalization. Thus, increasing efforts will be neces-
sary to switch power generation to sustainable sources, 
especially wind power and photovoltaics. Both wind 
power and photovoltaics are characterized by signifi-
cantly smaller generation plants compared to fossil 
power plants. Characteristic of these two main sustain-
able energy sources is their natural fluctuation, which 
occurs regionally and over time. Photovoltaics fluctuate 
seasonally, as well as in the day-night cycle and addi-
tionally due to cloud cover. Wind power is also subject 
to significant fluctuations due to local weather patterns.

Thus, local and temporal fluctuations in energy supply 
will still exist in the future, leading to either undersupply 
or oversupply. In order to keep power grids stable, these 
increasing differences will have to be equalized in the 
 future as well.

Grid connection guidelines in Europe

To ensure future grid stability, the European Union issued 
Regulation EU2016 / 631 for the European interconnected 
grid in 2016 [2]. In this regulation, rules are issued for the 
five European grid interconnections: Continental Europe, 
Great Britain, Northern Europe, Ireland and Northern Ire - 
land and the Baltic States. Basic requirements for  power 
generation plants indicate how long they must continue 
to operate even at frequencies deviating from 50Hz. In 
addition, the plants must adapt their active power output 
to the grid frequency and thus stabilize the grid. 

A key requirement that applies to larger plants is the ride 
through of grid faults, the so-called fault ride through or 

low voltage ride through. This is defined by a sudden 
drop in voltage down to 0% of the nominal voltage. 
For synchronous generators, requirements apply with 
regard to the possible range of reactive power output  
or absorption. Further requirements are specified, for 
example, in the synchronization or the tripping values  
of the pro tection devices [2].

Due to different European network associations, 
country- specific regulations and non-uniform verifica-
tion, certification within the European framework is very 
complex. In addition, network operators are entitled to 
impose deviating requirements.

Implementation of the Euro pean Grid Code in Germany 
and the certification process

In Germany, the EU regulation is implemented via three 
national regulations: VDE4105, VDE4110 and VDE4120. 
VDE 4105 is the authoritative standard for small low- 
voltage systems up to 135kW [3]. The grid connection 

directive that is usually applied to  Howden steam 
 turbines is VDE4110 [4] for medium- voltage systems. 
VDE4120 specifies the regulations for high-voltage 
systems [5]. Within the technical guidelines of the VDE, 
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specific requirements are imposed on plants. A generat-
ing plant is defined as one that is connected at a grid 
connection point. A generation plant may consist of 
several generation units, for example, several turbine- 
generator sets. Verification is designed as a third-party 
procedure. This means that an accredited certification 
institute checks and confirms the verification. The meas-
urement must in turn be carried out by another inde-
pendent testing laboratory. An appropriate simulation 
model must also be provided and validated.

In the VDE rules, three possibilities for proving the elec-
trical properties are listed. The most practical way for 
series units and smaller units, such as photovoltaic 
modules, is the unit certificate. In this, proof is pro vided 
for a unit on a test bed. Subsequently, a plant certificate 
must be provided, in which the local characteristics of a 
plant are taken into account. For plants with lower out-
puts that can be certified on a test bed, a unit certificate 
is economical. Thus, for serial products with higher 
quantities, the certification costs only insignificantly drive 
the product costs.

If the units are too large to be measured on a test bed, 
but are still series machines, the prototype method can 
be used, in which a unit is measured for wind power 
units, for example. In this process, a machine is evaluat-
ed and measured individually and a unit certificate is 
created. Subsequently, a plant certificate is created 
taking into account plant-specific parameters. For addi-
tional plants, this standard procedure can be used.

For individually-designed plants, an individual certificate 
procedure is provided. In this procedure, each individual 
plant is separately tested, measured and validated. In 
particular, plants with high outputs from approx. 10 MW 
are often specifically planned and designed. This can be 
evaluated most sensibly with the individual verification 
procedure. There are no LVRT test containers for this and 
the costs of the individual verification disappear in the 
costs of the overall plant. For individual steam turbine 
plants in the range of 1–10 MW, on the other hand, the 
relative costs of certification are at the limit of economic 
viability.

European Verification Method

Overall, European grid requirements refer to EU Direc-
tive EU2016 / 631 [2]. However, both the exact formula-
tion of grid connection guidelines and veri fication pro-
cedures are different in all European countries. Thus, 
both the technical requirements as well as the supplied 
documents, models and data differ in the verification 
procedure.

This wide range of potential verifications to be pro vided 
can be seen clearly in the G99 from Great Britain. In 
this, depending on the machine type, the verification is 
available via manufacturer’s information as well as wit-
ness test [6]. Thus, for each individual machine, it must 
be checked which requirements have to be met. Due to 

the different verification   pro cedures, a check is also 
necessary before the machine is designed and pur-
chased.

In other European countries, which do not have or do 
not yet have a clearly defined verification process, the 
German verification procedure is often used by plant 
 operators and network operators. Howden, for example, 
is currently applying the German verification procedure 
in several European projects, supplemented by addi-
tional local requirements. For manufacturers of 
grid-connected machines, it is necessary to keep track 
of all the exact requirements and the verification pro-
cess.

Challenge: certification for small, individually-designed  
steam turbines

Steam turbines in the Howden-KK&K series have a 
relatively small output of up to 15 MW el. They are often 
used to increase steam utilization and thus directly 
increase energy efficiency. Applications include pres-
sure reduction in steam and (district) heating processes 

and the utilization of residual steam for power genera-
tion. Often the actual steam process already exists and 
the turbine is added. To ensure the best possible utili-
zation, each Howden steam turbine is individually de-
signed,  
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as the processes are very specifically designed as well. 
 Howden turbines are designed based on customer 
operating points, so no two turbines are alike.  Howden 
turbines can be single- or multi-stage, and one or more 
steam extraction units are possible. Condensing tur-
bines are often used for residual steam recovery. 
 Howden’s own power and process controller allows one 
or more process variables, such as live steam pressure 
or exhaust steam temperature, to be individually con-
trolled in parallel with mains operation [7]. This high 
degree of optimization and custo mization for each 
 individual customer means, of course, that there is no 
standard product.

The only possible way to obtain plant certification for 
individual turbines is the individual verification proce-
dure. In this procedure, the machine is designed, the 
simulation model is created and then, during commis-

sioning, the machine is tested and validated in its facility 
over several days for its electrical properties. Particularly 
for turbines with a connected load of less than 1 MW, 
the costs of certification in the individual verification 
procedure can amount to up to 30% of the machine 
costs. This is of course an economic barrier for many 
customers. In addition to the pure costs, the complexity 
of certification is another difficult point to clarify. The 
certification process introduced in Germany leads to an 
economic obstacle and thus to a slowed-down energy 
turnaround, as the energy feed-in becomes uneconomi-
cal due to residual steam generation.

In addition to the commercial aspects, two other major 
problem areas in particular can arise during certifi-
cation: on the one hand, the technical design of the 
machine and on the other hand, the process of certifi-
cation itself.

Technical challenges

The effects of these grid connection directives have a 
fundamental impact on the overall design of the machine. 
On the technical side, the main challenge is that many of 
the requirements are not fulfilled by one component 
alone. The machine consists of numerous components 
that influence the electrical properties (Figure 1). The 
main energy-converting unit is the turbine with a gearbox 
and a generator. These are controlled by a turbine power 
and process controller and a generator governor, respec-
tively, and are supplied by numerous auxiliary units such 
as an oil system, valves and control cabinet. The control 
cabinet accommodates all essential electrical equipment, 
such as a synchronizer unit or protective devices.

All of these components comprise the overall plant and 
must reflect the electrical requirements. The characteris-
tics of individual components sometimes influence each 
other in a very complex way. Thus, the statement that a 
component, for example the generator or the turbine, 
fulfills a requirement is only possible with limitations.

Example: Low Voltage Ride Through

The interaction of components can best be illustrated by 
the most-discussed example of LVRT (Low Voltage Ride 
Through). This is a short-term voltage drop on the grid 
side. In normal operation, the turbine generates rotation-
al energy, which is then converted into electrical energy 
in the generator. During LVRT, the grid collapses and 

the resulting energy can no longer be released into the 
grid and thus remains in the entire string of the unit.  
This energy is absorbed both on the electrical side in 
the generator and mechanically in the drive train of the 
turbine. Thus, both the generator and the mechanical 
part of the turbine, the gearbox and the train must be 
designed for this. Thus, the mass moment of inertia of 
the entire train is decisive for the LVRT. Based on the 
interaction of the components, neither the generator 
manufacturer nor the turbine manufacturer can commit 
to an LVRT of the entire system.

The turbine must therefore be designed accordingly to 
withstand the mechanical effects. Thus, if technically 
required by the machine, the use of overrunning clutches 
is necessary to limit the torque in the train [8].

In addition to the main line, all auxiliary units such as oil 
pumps, valves or the LVRT control cabinet must also be 
safe. For example, they must be electrically buffered 
sufficiently. Verification for each individual component is 
necessary. Failure of a single component will result in 
the entire plant being unable to pass an LVRT.

This example shows that the electrical requirements can 
only be satisfied by the interaction of all components. 
The task of ensuring and verifying this is one of the 
central tasks in certification [9].
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Example: Power control

In addition, when choosing power and generator con-
trollers, it is important to ensure that measurements are 
possible. The parameters to be measured, such as 
static grid support, must be measured in the normal 
power grid at a specified frequency without jeopardizing 
grid stability. Thus, since no test bed is available, the 
frequency-dependent power reduction at grid frequen-
cies higher than 50Hz is also measured at a constant 

grid frequency by giving the controller a grid frequency 
that is too high. In the measurement, the power reduc-
tion of the turbine can be seen in Figure 2 on the left.  
In Figure 2 on the right, the evaluation can be seen, 
together with the setpoint value of the power at the 
respective specified frequency.

Since many of the components are from different manu-
facturers, the other major challenge is to coordinate the 
certification process.

Figure 1: MONO AFA6 turbine (Howden  /  KK&K type) with LVRT relevant components such as generator, valves and oil supply
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Figure 2: Measurement of the frequency-dependent power reduction at constant mains frequency (left) and the evaluation (right).
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Challenges in the verification process (process)

Once the technology of the machine has been clarified, 
the challenge is to make the certification process eco-
nomical. The design of the certification process together 
with the interaction of the many components and suppli-
ers makes certification difficult. This results in a network 
of numerous participants. On the machine manufactur-
ing side, in addition to Howden as the turbine manufac-
turer, there are also sub-suppliers such as control cabi-
net manufacturers, generator suppliers, producers of the 
generator governor, the power controller and the pro-

cess controller. Furthermore, the certifier, the test labo-
ratory and the grid operator have to be considered.  
Of course, the customer, who provides not only the 
machine but also the rest of the plant, has a significant 
part to play. The different, sometimes conflicting require-
ments of all parties involved must be taken into account 
at every step of the process, from the sale of the plant 
to manufacture, commissioning, measurement and 
certification. An exemplary network of different stake-
holders is shown in Figure 3.

Methodology for solving the issue

The solution of technical and procedural challenges 
begins well prior to the actual commissioning. Already 
during the sales phase, the certification has to be con-
sidered intensively and an appropriate generator, corre-
sponding mechanical components, as well as auxiliary 
aggregates have to be selected. In addition, customer 
sensitivity must be created so that the customer ad-
dresses this difficult issue and coordinates with his grid 
operator already in this early phase in order to clarify 

any special requirements. In practice, two methods have 
proved to be promising in the last few projects. 

The first method is when the machine manufacturer 
takes over the certification as the lead company. In this 
case, all disciplines are coordinated centrally by a single 
body. This ensures that everything runs smoothly from 
the design stage to the final certificate. For example, as 
early as the design phase, a joint meeting is coordinated 

Figure 3: Emerging network of stakeholders in the certification process

 Customer / Plant Operator

Project Management HowdenSales Howden

Procurement Howden EMSR Howden

Valve Manufacturer
Generator Manufacturer

Generator Control

Performance Control Howden

Control Cabinet Manufacturer

Grid Operator

Accredited Certifier
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Test Lab

Commissioning Howden
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with the network operator, plant operator, certifier and 
Howden to discuss the upcoming certification. All rele-
vant parties have one central contact person who can 
resolve any conflicting requirements. For plant operators 
whose core business is different from power generation, 
for example, in the residual steam utilization of other 
processes, this method has proven to be effective.

The second successful method is when the customer, 
as the plant operator, is responsible for coordination. 

The customer takes care of certification as well as con-
tact with the certifier and the testing labora tory. In this 
arrangement, we as Howden play the essential role of 
supplying a grid-code-compliant machine and providing 
intensive advice based on our accumulated knowledge. 
This second method has proven to be particularly suc-
cessful with plant operators who are intensively involved 
with the topic of certification. Examples include munici-
pal utilities that also act as energy suppliers or operators 
of multiple plants.

Outlook

In summary, plant certification according to VDE4110 
and VDE4120 is a major challenge for the plant cer t-
ification of individually-designed steam turbines. This is 
solved by a very clear structure and inter action of all 
parties involved with a central contact person.

Plant certification will continue to be a challenge in the 
future, although some simplifications are in sight. For 
example, component-certified parts will make it easier 
to prove that the technical requirements have been met. 
This is a first step in the direction of checking the inter-
action of the components more economically. The in-
creasing experience of all those involved will ensure that 
the necessary knowledge is available and, for example, 
that the necessary data is available to those involved. 

From a European perspective, further standardization of 
grid connection rules and the certification process 
would be desirable; the optimum would be the same 
rules and a uniform process throughout Europe.

With the concept developed, Howden is in a position to 
carry out plant certification economically even for tur-
bines that have been individually designed and opti-
mized for operation. All that then remains is the addi-
tional cost of certification, which must be taken into 
account when planning the overall plant.

It is to be hoped that the certification procedure intro-
duced in Germany will not lead to an economic obstacle 
and thus to a slowed-down energy turnaround.
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