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Motivation  
Due to the increasing penetration of inverter-based generation and the associated reduction in the 
number of conventional plants with synchronous generators, the network time constant (TA), which 
corresponds to the overall inertia in the system, will continue to decrease in the future. As a result, power 
systems will become increasingly unstable and there is a risk that the currently used primary control 
reserves (Frequency Containment Reserves, FCR), may not be able to stabilize the frequency in the 
event of a sudden power imbalance. For this reason, the need for remedial measures is foreseeable. 
These could include the introduction of new fast control reserves, which have been investigated in this 
paper.  
 

Methodology 
 In order to derive recommendations for the fast control reserves concepts [1]: 

• Frequency Containment Reserve „Plus“ (FCR+),  
• Enhanced Frequency Response (EFR),  
• Synthetic Inertia (SI) and  
• Fast Active Power Injection (FAPI) 

 
different implementation scenarios were developed and evaluated, taking into account parallel 
developments [2] [3]. In a first step, analysis were carried out with the help of the electricity market model 
EDisOn+ [4] to estimate the network time constant that can be expected in the Continental European 
Power System (CE) in the future. The input data for the market model was used from the TYNDP 2020 
scenarios "National Trends" (NT) and "Global Ambition" (GA) [5]. For comparison purposes, additional 
analysis of the network time constant for the years 2017 to 2019 were carried out using CE generation 
data from the ENTSO-E Transparency Platform [6]. Based on the fast control reserve concepts FCR+, 
EFR, SI and FAPI, the market model results and estimated amounts of the fast control reserves, the 
procurement of fast control reserves via energy markets was assessed with uniform criteria. The 
qualitative assessment was took into account on the following criteria: 

• Market integration 
• Market liquidity 
• Market entry 
• Price valuation 
• Market rules. 

Procurement was also analyzed for different scenarios: 
(1) Procurement under the existing FCR tender. 
(2) Tender with symmetrical products 
(3) Tender with asymmetric products (supply | purchase) 
(4) Certificate trading. 

 

Results 
Figure 1 shows a comparison of the annual duration curves of TA for the years 2017 to 2019 and the 
TYNDP 2020 scenarios "National Trends" (NT) and "Global Ambition" (GA). The scenarios show a 
significantly decreasing and more volatile TA. The decrease and greater volatility of TA is directly 
connected to the increasing amounts of inverter-based generation. For about 30 % of the scenario years 
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NT2030 and GA2030, TA becomes smaller than 6 s, which can potentially lead to critical frequency 
drops below 49 Hz for reference outages of 3000 MW, if no other frequency supporting measures are 
active. Accordingly, the share of low network time constants increases up to approx. 40 % in the scenario 
years NT2040 and GA2040. 

 
Figure 1: Annual duration curves of the current and future network time constant   
 
From the conducted qualitative assessment, an evaluation of the market suitability of the different types 
of fast reserve concepts was derived. 
FCR+ could be procured as a subset in the existing FCR tenders, opening up synergies regarding 
market integration and market rules. 
EFR could be particularly suitable for suppliers that have difficulties to participate in the currently existing 
primary control reserve markets. In the case of an asymmetric product design, even controllable loads 
could participate in such a market. 
Due to the complexity of the concept of SI, certificate trading appears to be more advantageous than a 
tender concept via a symmetrical product design. 
A combined evaluation of market aspects, operational aspects and the underlying concept (activation 
based on a static frequency trigger) shows that FAPI is the least favorable option for a market 
implementation.  
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