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PURPOSE

To do an assessment of system inertia challenges in IRP 2018

 Test IRP 2018 assertion that system stability will only become a concern 
beyond 2030 

 Provide an awareness for power system inertia challenge due to 
displacement of synchronous generation by inverter based generation

 Explore possible "mitigation” measures to the problem



SUPPLY / DEMAND TO REMAIN IN BALANCE 
AT ALL TIMES - ENERGY BALANCE CONCEPT
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FREQUENCY CONTROL VIA 
GOVERNOR ACTION – SUPPLY SIDE

 Controlling the 
generator speed 
deviations, “directly” 
leads to controlling the 
MW output of the 
generator.

 The governor valve 
controls generator 
speed, boiler pressure 
and generator MW 
output

[EPRI Power System Dynamics Tutorial, 
Final report, April 2002]



AN IMPORTANT CHARACTERISTIC OF 
THE “CURRENT” POWER SYSTEM –
SYSTEM INERTIA

Inertia is defined as a body’s resistance to 
change in motion.

 Generator inertia constant

𝐻 =
𝑆𝑡𝑜𝑟𝑒𝑑 𝑅𝑜𝑡𝑎𝑡𝑖𝑜𝑛𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦

𝑀𝑉𝐴𝐵𝑎𝑠𝑒
[s]

 System Inertia:

𝐻𝑠𝑦𝑠𝑡𝑒𝑚 =
σi=1
n Hi×MVAi

MVAsystem
[s]

Where i represents a generator unit in the system [EPRI Power System Dynamics 
Tutorial, 
Final report, April 2002, pg 229]



SOME SALIENT POINTS ON POWER 
SYSTEM INERTIA – WHY IS INERTIA IMPORTANT?

 Inertial Energy (stored rotational energy) in synchronous machines assists the power 
system during severe system events by impeding frequency fall

 The displacement of synchronous generators with static (non-rotating) Renewable 
generation leads to high erosion of natural system inertial energy and hence system 
becomes “malleable” to even minor frequency excursions more especially under light 
loading conditions.

 Rate of Change of Frequency (RoCoF) increases as a results of reduced system inertia 
resulting in normal relays failing to timeously detect this frequency excursions and 
hence resulting in catastrophes such as system black-outs. 

 A weakly interconnected system is more prone to inertia degradation simply because 
it will not get enough support during frequency events  - SA Case!



DEGRADING SYSTEM INERTIA LEADING 
TO HIGHER ROCOF LEVELS LOW NADIRS  
HIGH RE LEVELS

Nadir



IRP 2018 ACKNOWLEDGES POSSIBLE 
STABILITY CONCERNS BEYOND 2030

 IRP 2018 acknowledges that there will be system stability concerns post 2030. While 
this is true, it does not necessarily mean that these concerns will not be present in 
the period 2020 – 2030; hence the analysis here.

 The depicted load demand and capacity histograms in IRP 2018 provide little to no 
information concerning the instantaneous demand and generation dispatch patterns 
that will give clear critical points to study for system stability phenomenon such as 
inertia. 

 A critical point to study for inertia is when the system is on light loading with a 
relatively high Instantaneous Non-Synchronous Penetration (INSP). This is the 
point/scenario when the system will be highly vulnerable to low inertia and thus 
highest RoCoF levels. This point can be determined from duration curves for INSP and 
stored rotational kinetic energy similar to the way load duration curves are derived.



IRP1 SCENARIO USED FOR 

ANALYSIS – IRP 2018

 It must be noted that the IRP1 scenario was used for the following 
assessments and 2016 was used a Base scenario for comparison.



INERTIA LEVELS IN 2020 - 2030 HIGHER THAN 
LEVELS EXPERIENCED IN 2016

Actual Min Inertia in 2016

60% INSP in 2030

 60% INSP Alarming!

 EirGrid sets their 
SNSP @ 65%

 Inertia levels in 2020 –
2030 higher than 2016

 IRP Assertion holds!



GAS DEPLOYMENT COUNTERACTS COAL FLEET 

RETIREMENT – INSTALLED CAPACITY  



GAS DEPLOYMENT COUNTERACTS COAL FLEET 
RETIREMENT – ROTATIONAL ENERGY 



GAS DEPLOYMENT COUNTERACTS COAL FLEET 
RETIREMENT  - TAKE AWAY POINT

 Even though there is only about 10 GW of gas deployed in the period 2020 – 2030, in 
relation to about 12 GW of retired coal fired generation, the net rotational energy into 
the system is about +12 000 MWs, which improves inertial energy available in this 
period. This is largely because  gas machines are more heavier (with high inertia 
constant) and hence provide better rotational energy than coal-fired plants per unit of 
energy.



SYSTEM INERTIA A BIG CONCERN 
BEYOND 2030 

Actual Min Inertia in 2016

Min Inertia in 2050 (48000 MWs)

90% INSP in 2050

 90% INSP in 
2050 will be a 
problem!

 48000 MWs in 2050 will 
be a problem!

 This is despite the high 
deployment of Gas! 



POSSIBLE MITIGATION MEASURES TO 
COMBAT EROSION OF SYSTEM INERTIA

Mitigation measures to combat erosion of system inertia involve:

 Flywheels – Expensive, and not very common

 Synthetic inertia – Some wind turbines have capability but this has not been 
fully explored by system operators 

 Fast Frequency Response (FFR)  - Easy to implement and some system 
operators busy with studies (sometimes used interchangeably with synthetic 
inertia)  

 Installing RoCoF relays – could help in detecting frequency excursions early on



POSSIBLE MITIGATION MEASURES TO 
COMBAT EROSION OF SYSTEM INERTIA

[Jenny Riesz – AEMO, IEA workshop 2017]



POSSIBLE MITIGATION MEASURES TO 
COMBAT EROSION OF SYSTEM INERTIA

Having faster and earlier response allows to decrease critical inertia

[Julia Matevosjana – ERCOT, CIGRE JWG C2/C4.41]



CONCLUSIONS

 The analysis provided show that pre 2030 in IRP 2018 the frequency stability in as far as 
inertia is concerned will not be of great concern as the available inertial energy levels will 
be higher than the current rotational energy levels as seen by system operator today. 

 This is as a result of the high levels of gas generation deployed which counter acts the 
retirement of the coal fleet in this period. 

 Post 2030 there is definitely a great concern on inertial energy erosion as the lowest level 
sits at around 5000 MWs which is quite appalling for the South African system and hence 
will need to be looked into quite urgently.



CONCLUSIONS 

 As penetration levels of inverter-based generation continue to increase, power system 
inertia will decline thus South African System Operator with help from relevant 
Stakeholders should proactively meet these challenges using mitigating measures 
mentioned here.

 Of primary importance is DOE should institute power system studies for long-term 
planning and short-term operations horizons involving all relevant stakeholders in 
order to inform future IRP energy mixes post 2030. 

 System Operator should develop an increased situational awareness of system inertia

 Ensuring Primary Frequency Response capability from all generating resources 
including inverter-based generation, and introducing the use of various forms of 
FFR as necessary.


