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1 Activities and range of services

What distinguishes us / range of our services:

Project developer
- Assessment of electrical components (costs / performance) as required
- Connection concepts for renewable energy sources (wind, water, solar, bio)

- Special calculations (strength according to IEC 60865-1, EMC, power quality, efficiency storage calculation)

Utility companies
- Grid optimization and digital utility maps with vulnerability analysis
- Configuration of substations and transformer stations

- Grid calculation studies with international background (expert user PowerFactory)



2 Grid connection as PV developer

Solar grid connection (Photovoltaic)
Solar park example (general questions), made in Germany Part IV (Solar Energy Grid Connection)

Glance as Project developer
-PartIV -

,_Solar panel

I

(Which solar panel |
- Charge Controller (Shunt / Serial) :

- Counter-current |
I

I

I

|

panel for
screw fastening

- Degradation
f? - Energy yield / Location

- Generator's no-load voltage
- Interconnection
- Maximum Power Point Tracker | ' —|~ T~~~ T~ [~~~ "~~~ "~~~ ~~"~"""—"—-————~—
- Panel-Material 7~z |
- Slope angle / tracking

?

i Connection near the generator

(. . |
iy P it Lightning arrester Which lightning arrester?
D i [ - Arrester rated breaking voltage
SRS SO 4-----4----» to earthing - Discharge current

| ) - Impulse current
---------------- -3 Test input joint to inverter f) - Impulse protective level

(Which inverter? i - Internal capacitance by metal-oxid
- Cut-off voltage Insulation- " - Number of poles arrester
- DC/AC-protective equipment monitoring - Residual voltage
- Mains filter characteristics ) - Type
- MPP-control pc L - Voltage-current curve g
- Nominal capacity (direct current) Inverter P
. ; - AC -
- %gzz;ga;tvggi%e operation 8 - (Which service access box?
- Relative harmorgjic content Residual current ¥ — Service access box - Blising tormlnat
Switohinorate operated device - Coupler
. o S i J — — - Degree of protection
kWh - Differential rating current
Generation - Earth-loop impedance
X " - Earthing conditions
o7 - Fire protection
BN f - Ground-fault protector
Which differential-voltage tripping? 20 H L - Multipole circuit-breaker (MCB)
= i Circuit-breaker contactor
Charging voltage ith differertial volt
- Differential-voltage mpp;n'g P
= - Zener-voltage
Meter
Feed = Which meter ?
- Energy accounting concept
gy g P

- Load isolating unit

Utility J - Reversal preventing device

- Station demand

- Sub-circuit distribution board

- Type (Load-current, revers. counter)




2 Grid connection as Wind farm developer

Wind Energy G rid Con nection (OnShore) 'Which power tra f l'mel? "\ Partl(Glance as Project developer and experiences)
wind farm example (general questions), made in/Ge_rmy\p, - - carrying capacity
- 43,8 MW - A s - connection setup sympol
Glance s PO ®” Grid connection requirements? | 7 - cooling type
- communication (remote control) : - kilovolt-ampere rating
- Controller Management/SCADA * -~Loss e
- Low/High Voltage Ride Through — [“f*——" - percent impedance -
-Loss =J04 =J03 - Saturtion behaviour
: £ _ Power quality - tap-changer position
- Protection | - Voltage regulation P
i - Station auxiliaries/Batteries
- Supply management )
- Switchgear size (insulation medium)) Section II:
: Example (18,0 MW) E
Which Cable?
- cable installation
WEA 6 WEA - 3,0 MW " . WEA?2
( Power-Factor correction system?) ? i iZﬁﬁ g;paergmg S
- capacitance (size) nns " _cross-section
- control . i - impedance and admittance =™
- degree of protection -
= - interconnection - _
- level of value
\ ~ type J WEA 03 WEA 04 z
@WEA-SAGMW é E; WEA-2.0MW/ WEA - 3.6 MW
wsow (Which wind turbine (Generator)?)
- circuit current contribution
- Generator protection
\ - Generator type
- Low/High Voltage Ride Through TR
S) wea- 30w = - number of poles © w
I - reactive power and k-Factor
R - restart characteristics
- stability behaviour
- Starting test time constants Turbine Transformers R
) (Type: Example. 4)
WA kilovolt-ampere rating: Xxxx KVA
ratio: xxxx kV
e o gl oo 0
intermediate voltage loss:  xxx KW
limiting reactor los: xXxx KW

biasing, reverse current: XXX

. 1: Wind turbine inspection tap wx )




Boundary conditions for network calculation:

- 12 WEA (N117 - 3.0 MW)
- cos (phi) = 0,925 inductive (overexcited) with generators, Slack-notes 0.9 p.u.

Load flow unsymmetrically

Rnots Branch elements

Line to line voltage, amount [KV] Active power [MW]
Voltage, amount [p.u. Reactive power [Mvar]
Voltage, angle [deg] Current, amount [kA]

Load ﬂw calculation (Newton-Raphson-Iteration)

Project: Altana

PowerFactory 15.2.4

- Verifying a wind turbine substation for 110 kV -
T. Kamp (M.Sc.)

Grafik:

Date: 30.06.2015

Attachment




2 Grid connection as Wind farm developer
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Grid calculation: Resonance evaluation

A

Win dpark 9] ppeln Oberschwingungsstrome | Datum: 01.02.2015

T. Kamp Anhang:1 /M1

|l | 4| » | M Windpark { Schatanlage Oppeln ' Oberschwingung:

IFrequenzgang )(/ (Oberschwingungsspannungen f

Grid calculation: evaluation of harmonic currents

DIN EN 50160:

DIN EN 60868-0:
DIN EN 61400-21:

Characteristics of voltage in public electricity
supply networks

Flickermeter — assessment of flicker strength

Measurement and evaluation of grid-compatibility
for grid-connected wind power plants
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Grid calculation: evaluation of compensation devices



3 Grid connection as utility grid manager

/ oﬂbbllﬂlbleueu \

- MDen

_f'_j O
;v Lo UTRY 5T I 0
® [ . ' ~ Plétzkau { ( Koth.en
S Anhalt-Bitterfel
{ < futes Isleben r n a o
i (oS s e 7 Sudliches @
~Amstein e o] Anhalt Jead
G . Lo bIrdioo t441 N Bitte'fe||
= Al “Wolfer
Zﬁrbig |
3360 ey Wetth‘(‘i)‘ LR 3 @

Lobejiin Sanders orf-

Petersberg

Yo s at

oM

OLu
Ei

Hergisdorf .

IankenhelmO

erstadt

omstedt Seengeblet 3
. Mansfelder Land@

Lauchstadt

'. =) L»ders-
ke labar

Marcahnurn

- Utility: TEN / Mitnetz
- Red line (110 kV overhead line) / yellow box: 380/110 kV Substation

Power grid in total ~70.000
km
.. HV-Lines ~10.800
km
.. MV-Lines ~20.200
km
.. LV-Lines ~38.000
km
Cabling density 61 %
Substations 148
Inclgswe custo. 9.600
stations)
House 1.800 000
connections
Energy 3.4 TWh
consumption
Energy feeding 7.0 TWh

(Renew.E)




Fig. 2: Old substation dismantling
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Fig. 5: Switchgear installation

Fig. 4: Cable channel planning




Fig. 10: Network expansion in North Germany
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Fig. 11: Elektrolysis
Power-to-gas system




Experience as utility manager (built-up with the renewable energy sources) Part ¥ Glaros s uthy company and experisnces)
Connection provider's example (general questions), made in Germany ' :

Glance as Utility Manager
-Partll -

Recycling of old plants and dismantling of conventional energy sources (renaturation, costs)

Detection of network errors is increasingly more difficult "
Political changes / approval procedures

Congestion management / n-1 criterion adjustment, different to renewable energy plants’ capacity Probabilistic grid planning (how far does locking into the future makes sense, uncertainties)
Network opertors often do not work together on the current challenges
of energy transition / problem: communication

Nominal voltage of the grid is raised Metrology (interfaces, telegrams, security, costs, tariff formation, liberalization)

Monitoring (supervising of equipment condition, Industry 4.0)

Short-circuit currents increases Automation/SmartGrid (volume of data, data security, standardization, operating experience, costs,
' load management, real-time capability)

Unbalance of the network increases = Electromobility (creation of infrastructure, loading time, costs, range)

Grounding requirements increase Excess energy (curtailment, power-to-heat, power-to-gas, sector coupling, profitability)

Switching operations increase Profitability Suitable storages (costs, range, reliability, operating experience in the network, loading time,
Experience in bilateral load flows and HVDC networks is hardly considered scope of the range)

(e.qg., railway networks or foreign experience)

In the past, plant certifiers / unit certifiers developed insufficient connection plans (fack of
operting experience, in particular in network dynamics)

Requirements for network dynamics/regulating increase

Neutral point treatment (which type is the most useful for renewable energy feed-in, conversion costs vs.
cost-effectiveness, FACTS)

Supply stability (which, if the conventional power plants are lacking, reserve energy)

T Challenge of the renewable energy use
- current issues in Germany -
(selection)

TConsequences of the renewable energy use
- electrical view -
(selection)

A (e & e p t a n c e

(how much may the energy cost and who pays for it?

% ©nae Electricity assures posperity




5 Possible solutions

Grid connection planning - our energy transition expertise.
... your success!

Power electronjcs

( Climate protection and sustainability
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Tel.: +49 (0) 176 344 232 03 (Germany)

Mail: t.kamp@grid-connection-planning.com




