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Step 1: Starting with decentralized renewable power Systems

Modifications needed:

None!
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Step 1: Starting with decentralized renewable power Systems

Modifications needed: none, but…

… there are prerequisites that e.g. PV power generation will become a success

… wherever decentralized power generation by PV started in the world grid … wherever decentralized power generation by PV started in the world grid 

operators have fear that grid will collapse. 

� We need to take that fear

� Plenty of countries world-wide have shown that girds do not collapse with PV 

installations



Institut für Elektrische 
Energietechnik

Prof. Dr.-Ing. habil. Ingo Stadler

Electricity Transmission and Distribution, without PV
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Electricity Transmission and Distribution, with PV

Power plants~ ~ ~

~ ~

380kV

� Generally, decentralized power 

generation unburdens the system!

� Lower loading of transmission and 

distribution equipment results in lower 

power losses and therefore in lower 
220kV

110kV

10kV

~ ~ ~~

~ ~ ~ ~ ~ ~ ~ ~

0,4kV

power losses and therefore in lower 

costs for grid operators

� cables and transformers work in 

both directions without any problem! 
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General, safety for workers and devices

Recommendation 1: General rules, guidelines and laws 

(e.g. for electrical installations) rather should be derived 

from existing Nicaraguan procedures than adopting those 

from European or US examples.from European or US examples.

Recommendation 2: Connectivity rules, guidelines and 

laws for connection to the low voltage grid rather should be 

derived from existing Nicaraguan procedures than 

adopting those from European or US examples.
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Step 1: Starting with decentralized renewable power Systems

General recommendations derived from feed-in laws world-wide: 

�System operators are entitled to the immediate and preferential �System operators are entitled to the immediate and preferential 

connection of renewable energy systems by the grid operators.

� System operators are entitled against the grid operators to the purchase 

and transmit all electricity from renewable energy sources. 
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Step 1: Starting with decentralized renewable power Systems

… ok, there is a small difference between a PV systems and a refrigerator: 

�disconnect the generation unit from the grid in case of forbidden voltage and 

frequency values

� assure safety of grid operator personnel who perform work at the grid assets� assure safety of grid operator personnel who perform work at the grid assets

� Generation units are connected to the low voltage grid via an “always from grid 

operator personnel accessible switch with disconnection functionality” according 

to DIN VDE 0100-551.  

� Especially for photovoltaic systems a unit for grid supervision with switching 

element according to E DIN VDE 0126 can replace a section switch and 

decoupling protection
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Step 1: Starting with decentralized renewable power Systems

Recommendation 3: Generation units require a protection 

unit that interrupts power feed-in to the grid and allows unit that interrupts power feed-in to the grid and allows 

safe maintenance work at grid assets. This protection 

device should be allowed to be an integral part of the 

generation system (inverter) in order to avoid unnecessary 

costs.
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Step 1: Starting with decentralized renewable power Systems

Germany USA

ItalySpain
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Step 1: Starting with decentralized renewable power Systems

Power factor:

�So far inverter connected generators feed to the low voltage grid with a power �So far inverter connected generators feed to the low voltage grid with a power 

factor of one. 1cos =ϕ
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Step 1: Starting with decentralized renewable power Systems

Recommendation 4: Keep the administrative process as 

simple as possible! A process with only two steps is 

recommended.recommended.
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Administrative Procedure, labor [hours]
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Administrative Procedure, admin costs [% of development costs]
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Administrative Procedure

Recommendation 5: Administrative step 1: Provide a 

standardized form / fact sheet for grid operators. 

Generation plant operator has to fill in the standardized Generation plant operator has to fill in the standardized 

form with specific information about the small scale power 

plant to be connected to the grid. On the bases of that  

information the grid operator needs to guarantee a reliable 

grid operation. 
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Standardized Form
� Name and address of plant operator, 

plant installer and electrician who will do 

the grid connection

� Address of the plant site

� Rated power of modules 

� Rated power of inverter

� Connection to the grid already 

existing (yes/no)

� Several information related to the 

renewable energy act

� Signature of plant operator (and of 

land owner if different)
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Administrative Procedure

Recommendation 6: In order to avoid unnecessary 

administrative delays it is recommended that the grid 

operator is given a maximum period for answering. This operator is given a maximum period for answering. This 

time span should not exceed three months.
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Commissioning

Recommendation 7: Extensive and therefore expensive 

on-site test procedures to find out the compliance with 

technical connectivity standards must be avoided to have technical connectivity standards must be avoided to have 

economic small-scale power generation. Therefore, 

system/component suppliers should guarantee the 

compliance with required standards in Nicaragua by a 

conformidity declaration and the grid operator should be 

obliged to accept the declaration.
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Test Certificate Conformidity Declaration
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Administrative Procedure

Recommendation 8: Administrative step 2: the second 

required administrative step is the plant commissioning. 

Again a standardized procedure with standardized forms is Again a standardized procedure with standardized forms is 

recommended. For small generation plants inspection of 

grid operator personnel is not required.



Institut für Elektrische 
Energietechnik

Prof. Dr.-Ing. habil. Ingo Stadler

Commissioning Protocol 

� Name and address of plant operator 

and electrician

� Address of plant site

� Rated module power

� Rated inverter power

� Electricity counter number

� Meter reading at time of 

commissioning

� Several information related to the 

renewable energy act

� Commissioning date

� Signature of responsible electrician
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Commissioning Protocol 

� Module data
� Inverter data
� The form “Electricity commissioning”
� form “measurement concept”
� Circuit diagram of the installation
� Data sheet of modules� Data sheet of modules
� Inverter: data sheet, conformidity
declaration
� Copy of Registration form for 
regulatory body database
� Photo of system
� In case not a meter from the grid 
operator is chosen:

�Meter form
�Photo that shows the meter 
reading at time of commissioning 
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And why should a private investor invest in PV? The grid parity issue

Source: Bermudez
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And why should a private investor invest in PV? The grid parity issue

Source: Breyer
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Is there a motivation for Nicaraguan state to invest in PV? The oil fuel prize parity issue

Source: Bermudez
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Is there a motivation for Nicaraguan state to invest in PV? The oil fuel prize parity issue

Source: Bermudez
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Is there a motivation for Nicaraguan state to invest in PV? The oil fuel prize parity issue
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Is there a motivation for Nicaraguan state to invest in PV? The oil fuel prize parity issue
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Is there a motivation for Nicaraguan state to invest in PV? The oil fuel prize parity issue

Source: Breyer
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Step 2: PV becomes a considerable part of the country’s installed capacity

Modifications needed:

� Not in grid infrastructure but in grid management
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Step 2: PV becomes a considerable part of the country’s installed capacity

Power plants~ ~ ~

~ ~

380kV

� Generally, decentralized power 

generation unburdens the system!

� Lower loading of transmission and 

distribution equipment results in lower 

power losses and therefore in lower 
220kV

110kV

10kV

~ ~ ~~

~ ~ ~ ~ ~ ~ ~ ~

0,4kV

power losses and therefore in lower 

costs for grid operators

Are there other problems with 
decentralized generation and 
feeding into distribution grids?
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Step 2: PV becomes a considerable part of the country’s installed capacity

Including electrical 
heating

Bottlenecks, simultaneity: 

�detached house’ fuse: 
three phase 63 A

� why can not all houses 
feed this power also 
backwards to the grid?

Includes electrical hot 
water production

Low electrification degree

Including electrical cooking

Simultaneity of 
Photovoltaic 
Power Systems 
is almost “1”
(in a restricted 
area)

backwards to the grid?
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Step 2: PV becomes a considerable part of the country’s installed capacity

Bottlenecks, simultaneity:

�Relevant assets are distribution transformers and cables 

� A violation of defined loading limits either decreases the life time of the asset or even 

could destroy it.  

� Electric currents cause losses in all assets and as a consequence they heat up. 

� When the thermal load is too high aging is accelerated and life times decrease 

considerably (in case of short circuit currents to only few seconds). 
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Step 2: PV becomes a considerable part of the country’s installed capacity

Bottlenecks, Voltage Limitations 

�The voltage has to be kept within a limit of ±10% of the rated voltage

� In order to guarantee those norms different bodies have established further 

guidelines. 

� VDEW guidelines for parallel operation of electricity generation units in 

the low voltage grid.  Although the voltage band allowed in low voltage 

grids is ±10% the guideline limits the contribution of decentralized 

generation with the criterion of ±2%.

� in many other countries this is ±3%
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Step 2: PV becomes a considerable part of the country’s installed capacity
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Step 2: PV becomes a considerable part of the country’s installed capacity

10kV

0,4kV

~
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Step 2: PV becomes a considerable part of the country’s installed capacity

10kV 0,4kV

high load, e.g.
electrical heating

high generation
Capacity, e.g. PV

When high to medium voltage transformer 
is at 104% the ±10% is kept with:

Highly loaded string:
�5 % voltage drop in the low voltage grid
�3 % in the distribution system transformer
�5 % in the medium voltage grid
�1 % safety reserve.Capacity, e.g. PV �1 % safety reserve.

High feed-in string:
�3 % voltage drop in low voltage grid 
including transformer
�2 % voltage drop in medium voltage grid
�1 % reserve.

+10%

-10%
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Technical solutions to overcome limitations, Voltage Violation

Solution “Voltage Violation” 1: voltage and/or current are measured at every low voltage 

transformer. From this information one can draw conclusions on the line loading and take transformer. From this information one can draw conclusions on the line loading and take 

adjustments on the high voltage to medium voltage transformer stations in order to keep 

all areas within a grid in its required limits. Those transformers can change their 

transformation ratio on load whereas low voltage transformers only can be adapted under 

no load condition in fixed steps
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Technical solutions to overcome limitations, Voltage Violation

Solution “Voltage Violation” 2: Information about voltage can be gathered even from 

the distributed inverters of PV plants. On basis of that information again action can be 

taken in the medium voltage transformer station.

Solution “Voltage Violation” 3: completely without communication the problem is 
solved decentralized by PV inverters themselves. For safety reasons PV inverters 
contain security devices that measure among other parameters grid voltage. When 
the ±10% criterion is violated they can automatically reduce power injection or switch 
off. Additional expenditure compared to today’s inverter design would be minimal. 

A problem could be more the social compatibility because always those inverters 
need to reduce power injection first that are located at the end of a grid string. 

Another problem is the legal boundary condition of the renewable energy act that 
guarantees that renewable electricity plant operators have the right to feed-in their 
generated electricity. 
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Technical solutions to overcome limitations, Voltage Violation

Solution “Voltage Violation” 4: Not only in the low voltage grid but also in the 

medium voltage grid an increasing number of renewable energy generators are 

installed - mainly wind power generators. Those generators have excellent 

abilities in order to influence the voltage level in the medium voltage grid. abilities in order to influence the voltage level in the medium voltage grid. 

According to “Systemdienstleistungsverordnung” those generators are obliged to 

perform voltage regulation. In advanced grid management structures this ability 

can be applied in order to also improve the voltage in low voltage grid.
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Technical solutions to overcome limitations, Voltage Violation

Solution “Voltage Violation” 5: PV inverters can inject reactive currents in order to 

influence voltage and keep within the ±10% limit. 
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Technical solutions to overcome limitations, Voltage Violation

Source: Degner
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Power factor control, Stage 2

�Especially in rural grids problems are reported that the power quality requirements 

cannot any more be kept because of too high voltages. The revised guidelines 

(VDE-AR-N 4105) will contain similar requirements that already exist in the medium 

voltage grid:

� PV generators < 3.68 kVA still can feed electricity to the grid with 

� PV generators between 3.68 kVA and 13.8 kVA feed electricity to the grid 

according to a characteristic curve with 

�PV generators above 13.8 kVA feed electricity to the grid according to a 

characteristic curve with 

� Installation capacity of PV generators can almost be doubled.

1cos =ϕ

95.0cos ≥ϕ

9.0cos ≥ϕ
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Power Factor

Germany USA

ItalySpain
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Technical solutions to overcome limitations, Asset Loading
Solution “Asset Loading” 1: in case of a too small transformer a second one can be installed in 
parallel or it could be exchanged by one with a higher rated capacity. 
In case the loading of cables is the problem it is not that easy just to lay a second cable as this 
action comes along with costly ground work apart from the pure cable cost. Therefore other actions 
need to be undertaken first.

Solution “Asset Loading” 2: The current at the transformer could be measured. In case the current 
from the low voltage side to the medium voltage side is too high PV inverters could reduce power from the low voltage side to the medium voltage side is too high PV inverters could reduce power 
injection. This solution requires a communication infrastructure. 

This measure could significantly increase the potential PV capacity as the theoretically assumed 
minimum load during maximum feeding-in is not very probable. And times with peak injection also 
are of short duration. Therefore, this measure probably only seldom need to be applied. 

Solution “Asset Loading” 3: grid load is generally of ohmic-inductive nature. When inductive power is 
provided via the low voltage transformer means an additional load also to the cables. PV inverters 
can supply a reactive power in order to make a decentralized compensation. This reduces the load 
on the line and additional active capacity could be installed. This also reduces line losses at the 
same time. 
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Technical solutions to overcome limitations, Asset Loading
Solution “Asset Loading” 4: Alternatively to the communication solution described beforehand 
power factor could be controlled decentralized to “1” at the injection point. Here, a 
communication with e.g. a smart meter would be necessary that measures cos(φ).

Solution “Asset Loading” 5: Again with communication at least with the low voltage 
transformer or even with PV inverters the medium voltage could be adopted in a way that low 
voltage is at its maximum allowed. With the same power injected the current is decreased voltage is at its maximum allowed. With the same power injected the current is decreased 
when the voltage is increased.
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Step 3: PV and other renewables go into direction of 100% 

Modifications needed:

� Maybe also in grid infrastructure
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Disadvantage of oil power generation: high prize

Advantage of oil power generation on the way to 100%: flexible in load following

Source: Bermudez
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PV Contribution

Source: Bermudez
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Source: Bermudez
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PV Contribution

Solar thermal hot water

Source: Bermudez
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Thank you very much

for your attention


