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ABSTRACT 

The requirements for DSOs to adapt their grid structure to 

changing supply tasks remain high. While the integration 

of renewable energy resources is well advanced in many 

parts, now DSOs are facing new challenges in terms of 

market ramp-up e-mobility and decentralized energy 

storage facilities. These developments induce high 

uncertainty in the definition of realistic future supply tasks 

which cannot be addressed by classical “one-shot” target 

grid planning in an extensive manner. In contrast the 

authors propose a comprehensive approach exploring the 

full variety of possible future developments using 

probabilistic scenarios. Beside the provision of multiple 

probabilistic scenarios the solution includes a simulation 

of asset condition, load flow calculation, automatic 

resolution of  capacity- and condition-problems following 

planning and operation principles, a financial model, 

analytic views and an optimizer. 

OVERVIEW 

The actual target grid process at Westnetz has been 
augmented by this new extensive planning tool and starts 
using a base supply assumption for the target year (see 
Figure 1). 
 

 
 
Figure 1: Combined Target Grid Planning Process 
 
First probabilistic future supply scenarios are defined. In 
a second step the planning tool provides a Hotspot 
Analysis applying all scenarios to the actual grid topology. 
The resulting hotspots indicate if 

▪ the asset exceeds its lifetime or is in critical 
condition 

▪ the distributed power exceeds the capacity of the 
asset 

Third all affected assets automatically receive 
replacement and/or extension actions resolving the  
 
 

 
identified hotspots. In this step an optimizer will determine 
the cost optimal synergetic actions optionally. The fourth 
step compares the extensive list of generated actions with 
the result of classical “one-shot” planning. 

METHODOLOGY 

While most target grid planning solutions focus on low 
voltage levels [1,2] of the distribution grid in contrast the 
approach presented here addresses high- and mid-voltage 
levels. In previous research the treatment of planning 
under uncertainties has been investigated [3,4,5,6]. Here 
based on these results uncertainties in future developments 
are described in different scenarios, which have to cover 
the extreme situations regarding load and feed-in at least. 
A base case scenario represents the expected load and 
extensions in wind, photovoltaic and biomass generation 
in terms of installed capacity typically with high 
probability. On this basis different deviations for extreme 
situations are defined in additional scenarios with lower 
probability assigned. These developments of installed 
capacities are weighted with the simultaneity factors of 
different loads and feed-ins in several use cases.  
Using these input parameters describing the supply task 
power-flow-simulation and simulation of asset states in 
terms of age identify hotspots given as a violation of 
lifetime and/or capacity constraints. 
The list of hotspots is translated automatically into 
potential actions in each scenario to resolve the network 
congestions and asset state violations. These actions are 
given by simple 1:1 replacement in case of overaged assets 
or reinforcement in case of capacity violations. At this 
stage the potential actions per asset are defined for a single 
scenario or subsets of scenarios and have to be 
consolidated to determine a single action applied in all 
scenarios fixing the network violations in all scenarios. 

This consolidation process is implemented as an 
optimization process (Equation 1) which is given by the 
minimization of the discounted cashflow over time 
(Equation 2).  

 
Equation 2: Definition of discounted cashflow 

 

∑𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡𝑒𝑑 𝑐𝑎𝑠ℎ𝑓𝑙𝑜𝑤𝑖 → 𝑚𝑖𝑛!

𝑛

i=1

 

 
Equation 1: Objective function 
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Index i denotes an asset while paction represents the scenario 
probability which triggers an action for an asset. 
The comparison between the computer generated approach 

and the classical one-shot-planning could lead the three 

possible outcomes for each action item: a) The extensive 

automated computer based approach has identified the 

same action as the classical target grid planning process 

(this confirms the need for this particular action), b) the 

extensive planning action has no counterpart in the one-

shot action results (this is likely if one-shot planning has 

neglected those future developments which have triggered 

the specific extensive action, c) the extensive planning 

action is not present in the classical action results (this 

unlikely case may occur if the one-shot planner uses expert 

or extra world domain knowledge which is not available to 

the computerized solution).  
 

EXAMPLE CASE 

This target grid planning process has been applied by 
Westnetz to a distribution grid in Northern Germany 
comprising 50 municipalities containing stations on 
110kV, 30kV and 10kV level.  
 

Scenarios 

The analysis is based on five scenarios: A base case (BC) 

with 40% probability, two different load scenarios with 

20% probability each, a low-load (LL) and an upper load 

(UL) case and two worst case scenarios with 10% 

probability each, worst case low (WCLOW) and worst 

case high (WCUP). The time course of these scenarios for 

load and per renewable generation type is shown in Figure 

2. 

 

 
Figure 2: Scenarios 

Hotspot Analysis 

 
Using these scenarios the planning solution identifies 206 
assets which are subject to potential actions. Here the 
analysis will focus on location “D25” in the grid where 
transformer 21 is located exhibiting age and capacity 
violations as well. 
Figure 3 shows the transformer at location “D25” entering 
a critical state due to overaging with a probability of 100% 
in 2018 and must be replaced 1:1 with CAPEX of 180T€. 
It further needs reinforcement from 6.3 MVA initially to 

10 MVA between 2020 (with 10% scenario probability 
and CAPEX of 200T€) and 2025 (scenario support of 
70%). From 2025 the need for additional capacity 
increases to 16 MVA (starting with probability 10% and 
ending with 50% in 2032). 20 MVA is needed in 2030 in 
10% of scenario support and 30% in 2031, which is the 
maximum capacity for a single 30kV to 10kV transformer. 
To further increase the required capacity in 2033 an 
additional 6.3 MVA transformer must be provided in 
parallel. The planner defines the threshold of probability, 
at which measures are considered. 
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Figure 3: Risk matrix of potential actions 

The optimizer reduces complexity by evaluating and 
shifting actions in time to identify one single action per 
asset.  
 

Alternative solutions 

 
During the optimization process the optimizer generates a 
set of different valid solutions for assets (Transformer No. 
21 in this example), which are evaluated using the 
objective function defined by Equation 1. In this case the 
system identifies four alternative solutions: In 2018 (first 
year in the planning period) an agebased action is needed, 
which cannot be varied because this would violate the 
condition restriction for the asset. In the following years 
actions for capacity expansion are needed, which are 
weighted with their scenario probability. Table 1 shows 
the first solution where all actions are executed in a 
sequence due to the year when they are triggered first. For 
each action the costs are derived which leads to total costs 
of 499 T€.   
 
Table 1: Simple sequential solution 

 
 

Table 2: Synergetic solution 1 

 

Table 3: Synergetic solution 2 

 
 

Table 4: Maximum capacity solution 

 
 
Table 2 shows an alternative solution where in 2018 
instead of replacing the overaged transformer with a 
capacity of 6.3 MVA an expansion action with a 
transformer of 10 MVA is chosen. This expansion would 
be necessary with p=70% of scenario support in 2021 
anyway. The forward movement of actions enables 
synergies in investment, which lead to decreased total 
costs of 405 T€ for this solution 2. 
The third approach goes one step further in moving 
capacity actions forward by increasing the capacity in 
2018 to 16 MVA already. Table 3 shows the calculation of 
the associated costs in the third case which sum up to 346 
T€ in total. 
Finally Table 4 shows an initial expansion to the maximum 
capacity of 20 MVA which can be implemented by a single 
transformer. This expansion would be necessary with a 
probability of 30% in the year 2030. The capacity 
requirement of additional 6.3 MVA in the year 2032 is 
addressed by a parallel transformer at the same location.  
This measure shows the planner the maximum required 
capacity at this point with its probability of occurrence. 
The technical solution depends on the chosen risk and the 
available alternatives (e.g. 20-MVA-transformer with 
fans). For reasons of complexity, only the most important 
standard equipment is shown in the tool. 
The cost evaluation lead to total costs of 356 T€. For 
transformer No. 21 the optimizer prefers to reinforce the 
transformer to 16 MVA given a minimum probability of 
40% of occurrence, discounted CAPEX and time.  
 
Figure 4 shows the mandatory result of solution 2 in 2018 
and Figure 5 depicts the same network section in 2033 with 
an additional transformer extension (higher capacity and 
parallel transformer) and an additional parallel cable line 
to the station on the right. 
 

 
 

Figure 4: Optimal action in year 2018 

Year

Year 

from 

now

Discounted 

cashflow T€

Cummulated 

p

p weighted 

cummulated 

Cashflow T€

Total 

costs T€

Trafo2W_30_10_6_3 6,3 MVA 2018 0 180 100% 180

Trafo2W_30_10_10 10 MVA 2021 3 163 70% 114

Trafo2W_30_10_16 16 MVA 2025 7 156 70% 109

Trafo2W_30_10_20 20 MVA 2030 12 133 30% 40

Trafo2W_30_10_6_3_Slot_1 26,3 MVA 2032 14 186 30% 56

499

1:1 Replacement (age) 6.3 MVA

Year

Year 

from 

now

Discounted 

cashflow T€

Cummulated 

p

p weighted 

cummulated 

Cashflow T€

Total 

costs T€

Trafo2W_30_10_10 10 MVA 2018 0 200 100% 200

Trafo2W_30_10_16 16 MVA 2025 7 156 70% 109

Trafo2W_30_10_20 20 MVA 2030 12 133 30% 40

Trafo2W_30_10_6_3_Slot_1 26,3 MVA 2032 14 186 30% 56

405

Extension (capacity)  10 MVA

Year

Year 

from 

now

Discounted 

cashflow T€

Cummulated 

p

p weighted 

cummulated 

Cashflow T€

Total 

costs T€

Trafo2W_30_10_16 16 MVA 2018 0 250 100% 250

Trafo2W_30_10_20 20 MVA 2030 12 133 30% 40

Trafo2W_30_10_6_3_Slot_1 26,3 MVA 2032 14 186 30% 56

346

Extension (capacity)  16 MVA

Year

Year 

from 

now

Discounted 

cashflow T€

Cummulated 

p

p weighted 

cummulated 

Cashflow T€

Total 

costs T€

Trafo2W_30_10_20 20 MVA 2018 0 300 100% 300

Trafo2W_30_10_6_3_Slot_1 26,3 MVA 2032 14 133 30% 40

356

Extension (capacity)  20 MVA
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Figure 5: Optimal potential actions until 2033 

This optimization process is applied to all assets where 
multiple actions were identified during the hotspot 
analysis. 
To summarize all actions found by the optimizer which are 
needed in the grid to fulfill the supply task within the 
planning period Figure 6 depicts their distribution over 
time (x-axis) the amount of financial investment (y-axis) 
and the number of actions (size of bubble). The color-code 
refers to the type of action, switch-gear (blue), line 
(orange) or transformer (green). 
 

 
Figure 6: Time series of all grid actions needed 

Comparison between both planning processes 

 
The identified action is compared to the one-shot grid 
planning approach with and without planning experience. 

The one-shot case is based on the deterministic supply task 
defined by the base case (BC-Wind, BC-PV, BC-Biomass, 
BC-Load). 
 
1. One-shot planning without planning experience  
leads to three deterministic consecutive actions in year 
2018 (1:1 replacement), 2025 expansion to 10 MVA and 
2032 additional expansion to 16 MVA, see Table 5. Such 
a naïve planning approach would result in 402 TEUR 
investment. 
 
Table 5: One-shot planning w/o planning experience 

 
 

2. One-Shot planning with planning experience 
In this trivial optimization case, the planner chooses the 
least recent action, which expands transformer capacity to 
16 MVA in 2018, see Table 6. The experience shows, that 
the underlying base case BC (although given a probability 
of 100%) has a high likelihood of occurrence, but will 
surely not cover all possible scenarios (especially in worst 
cases). Furthermore the planning lacks an indicator of 
influence of different parameters. The planner is 
dependent on his ‘gut feeling’ if the selected measure will 
cover most cases. The investment cost of 250 TEUR are 
therefore linked to the experience and knowledge of the 
planner. In the One-Shot planning approach many 
presumptions are made and not observed. 
 

Year

Year 

from 

now

Discounted 

cashflow T€

Cummulated 

p

p weighted 

cummulated 

Cashflow T€

Total 

costs T€

Trafo2W_30_10_6_3 6,3 MVA 2018 0 180 100% 180

Trafo2W_30_10_10 10 MVA 2025 7 125 100% 125

Trafo2W_30_10_16 16 MVA 2032 14 97 100% 97

402

"one-shot" w/o optimization
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Table 6: One-shot planning with optimization 

 
 
3. Extensive planning 
The extensive planning solution (Table 3) is able to find a 
balance between uncertainty even in worst case scenarios 
and minimal costs. It preserves flexibility by postponing 
actions needed in the very far future and using synergies 
by moving actions forward (implementing the 16 MVA 
expansion, which is needed in 2025 first, in 2018 already 
when an age based 1:1 replacement is required). 
 

OUTLOOK 

The process presented so far assumes that all hotspots in 

all scenarios will be fixed by means of appropriate actions. 

In the case of constraints like limited resources in terms of 

budget or manpower the planer has to sort out the 

“important” actions, which can be implemented even in 

the presence of constraints. As a next step the resulting 

actions may be prioritized following a multicriterial 

optimization [7] based on measures like importance of 

single assets (defined by unsupported loads in the n-1 

case), costs for an action or the underlying scenario 

probability. This multicriterial optimization, functions for 

considering the impact of e-mobility infrastructure and a 

web-based user interface will be available within the next 

releases of the planning solution.  
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Year

Year 

from 

now

Discounted 

cashflow T€

Cummulated 

p

p weighted 

cummulated 

Cashflow T€

Total 

costs T€

Trafo2W_30_10_16 6,3 MVA 2018 0 250 100% 250

250

"one-shot" with optimization


