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Technical Opinion on Temporary Overvoltages for Transpower 
Final 

 
Dear Nic, 

Further to our discussions via the teleconference on 13 December 2018, below 
sections of this letter detail an opinion with regards to system studies conducted to 
establish power frequency overvoltages and the subsequent approach on resolution 
of these overvoltages. 

Background 

As with many other systems worldwide, Transpower is undergoing rapid changes on 
their transmission system with old fossil fuel-based plant being replaced with more 
renewable plant. The load rich region of Waikato and Upper North Island is estimated 
to grow in demand from the current ~2700 MW to ~3300 MW levels with prudent load 
forecast scenarios. The level of generation in the same region is expected to fall from 
the current ~1400 MW to around ~900 MW. The region has 1350 Mvar shunt 
capacitors and total dynamic plant of +240/-228 Mvar. Load tripping as part of faults is 
estimated to be between 5 to 18% with significant motor content. 

Studies being conducted by Transpower indicate possible overvoltage issues in the 
region. One possible approach to control the observed overvoltage is the use of 
dynamic power plant along with switching the static shunt capacitors. 

Transpower is therefore seeking an opinion as to whether the approach they are taking 
in studying and managing overvoltages is in line with other utilities’ processes from 
around the world. 

Introduction 

Temporary overvoltages (TOVs) are undamped or weakly damped overvoltages 
lasting seconds or even minutes (hence of relatively long duration). They occur as a 
result of system faults (application and clearance), excitation of resonances, load 
rejection, line energization, and energization of unloaded transformers. There are also 
some special cases such as ferroresonance where TOVs can be established. TOVs 
result in dielectric and thermal stresses in power system plant and if not kept within the 
withstand capability of equipment, may cause loss of equipment life and in the extreme 
catastrophic damage. In particular, surge arrester (used for lightning and switching 
overvoltage control) power frequency withstand voltage-time characteristics are 
chosen such that they exceed the system TOV levels in order to avoid premature and 
unnecessary damage.   
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TOVs are dependent on a number of factors: 

• Short-circuit level, line length, shunt and series compensation 

• System conditions and operating procedures 

• Characteristics of system components 

In the case of load rejection, overvoltages may arise when a loaded system becomes 
suddenly unloaded. The characteristics of the TOV are normally a function of the 
rejected load, the system topology following disconnection and the characteristics of 
the sources such as speed and voltage regulators of generators. For example, a 
system with a high short-circuit level with relatively short lines will have low 
overvoltages, whereas a system with low short-circuit level and long lines can produce 
high overvoltages. The situation in the Waikato and Upper North Island is an example 
of a high overvoltage system. 

TOVs are classified on the frequency of oscillation and usually three classes are 
distinguished: those that have the same oscillation frequency as system power 
frequency, those that are higher and lower. Power frequency overvoltages are 
preceded by a transient overvoltage immediately after the main event. 
 

Fact Finding 

As part of forming an opinion, a short survey was done with few international utilities 
based on personal contacts. 

The first question posed was the use of electromechanical (RMS) time-domain 
simulation vs electromagnetic (EMT) time-domain simulation in establishing 
overvoltages during dynamic load rejection studies. All replies received point to the 
use of RMS time-domain simulations without exception. However, there are 
geographies where move towards the use of EMT is being sought after. The use of 
RMS time-domain simulation is specific to power frequency dynamic overvoltage and 
does not apply to cases where there is suspicion of switching related overvoltage 
(typical example would be overvoltage due to resonance). Therefore, it can be 
concluded that Transpower’s approach is in line with the international practice that has 
been gathered. 

The second fact finding question posed was whether transformer saturation data forms 
part of the modelling assuming that RMS time-domain simulations are performed. This 
resulted in a very mixed response, some with weak justification on their actions and 
some rather strong! Clearly, there are two schools of thought; those that prefer 
conservative approach with “prepare for worst, hope for best” philosophy and those 
that are more balanced with respect to risk versus cost in their approach. Input and/or 
opinion were received from various TSOs in Europe and some outside Europe. 

Those that tend to go with the conservative approach, suggest that their approach to 
system events is not to accept possibility of operating the system at such risky levels. 
Some countries limit this level at 1.3 pu as was discussed being the unwritten norm, 
some at 1.2 pu and some at 1.4 pu. The respondents that fit into this category tend to 
start their analysis without representing the transformer saturation explicitly in the RMS 
models. Some tend to follow the studies with a sensitivity check in the area of concern 
by repeating the studies with the saturation. One respondent follows the studies with 
specific EMT when they detect larger than accepted level. The EMT studies are 
performed to capture the transient nature of the overvoltage so that surge arrester 
energy discharge levels can be established. 
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Those that tend to be more balanced and represent the transformer saturation do so 
to be more accurate especially when it comes to investment. One Canadian 
respondent for example, although not explicitly confirmed, appear to be more on the 
balanced side. 

One respondent (who is rated at the highest level), suggested strongly that the 
inclusion of saturation characteristic could make substantial difference in the results 
seen. This is based on experience from early 1980s in the UK where system studies 
replicating the system split of Wales and South West England from the rest of the 
system were performed extensively. RMS time-domain simulations predicted 
overvoltages that ranged from 1.3 pu to 1.4 pu when actual measured overvoltages on 
the system ranged from 1.1 pu to 1.2 pu. The maximum recorded values were around 
1.2 pu in most places. In order to replicate the actual measured values, transformer 
saturation characteristics had to be modelled. The model also included the dynamic 
models of generators with their excitation control systems as is expected in such 
studies. This experience and observation is supported by PSC experience when PSC 
was contracted by Sarawak Energy in Borneo, Malaysia to study a system split incident 
in 2015. The Wide Area Measurement System (WAMS) recorded an RMS positive 
sequence overvoltage on the main 275 kV transmission system of 1.2 pu for about 4 
minutes due to extensive load shedding in the islanded network with a shortfall in 
generation. The planning standard requirement was to limit over-voltage to 1.2 pu for 
3 seconds. Initial RMS time-domain simulation with PSS/E and without considering 
transformer saturation suggested an overvoltage of about 1.6 pu. However, the 
inclusion of saturation to 275 kV transformers reduced the overvoltage to 1.2 pu to 
match the observed WAMS measurements. The island eventually blacked out due to 
generators tripping on differential protection (no harmonic restraints for transformer 
saturation), and over-fluxing protection. 

A third question on how they would deal with the overvoltage issue if it is identified was 
also posed. There was unanimous agreement that dynamically controlled 
compensation would be the most preferable option and the feeling gathered was that 
conservative utilities would push ahead with that. However, those with a balanced 
approach tended to suggest that other alternatives needed to be looked as a starting 
point and exhausted before moving into the dynamic compensation area. This was 
mainly on economic grounds. In terms of other alternatives, the first concentrates on 
the use of shunt compensation; either the disconnection of shunt capacitors or 
connection of shunt reactors. One Canadian respondent for example utilizes, some 
fast-switched capacitors (removal within 6 cycles) and some even employ fast re-
insertion (19 cycles) considering that there are discharge issues before one can re-
introduce a capacitor bank. In the US they have something referred to as “remedial 
action scheme”, in effect a fast-acting protection/control scheme with large shunt 
reactors employing some PLC logic. The shunt reactor is switched in relatively fast – 
100ms or so following the contingency that results to overvoltage. It should be noted 
that this is a discrete solution and may not of course be applicable in all cases! There 
is also the suggestion of hybrid approach where an SVC in combination with some 
switched shunt reactors is used. The respondents were not asked about the ratio of 
shunt/dynamic compensation where capacitor switching was used. 

One further area of consideration is the modelling of loads. Traditionally, for steady-
state power system analysis loads were modelled based on the constant power PQ 
load model (static) and this trend continuous. A recent survey under CIGRE concluded 
that over 80% of respondent use this approach (just under 100 responses). The same 
survey concluded that the picture for dynamic studies is evenly spread among the 
many load model choices. Constant power and constant impedance amounting to 45% 
whereas 30% use models that represent dynamic load by some form of induction motor 
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model. Use of static model provides a conservative approach (70% of utilities around 
the world use this approach), whereas the use of induction motor model to represent 
dynamic load in system stability studies (30% of utilities and system operators 
worldwide use this approach) is more on the side of a balanced approach. 

Discussing the likely values simulated and shown in the Transpower graphs provided 
in the presentation slides, these appear to be very high and hence quite unrealistic and 
highly unlikely to happen. According to the voltage recovery criteria shown, 
Transpower’s generator fault ride-through criteria is set to 1.2 pu for 2 sec followed by 
1.15 pu for 4 sec, then 1.1 pu continuously. Considering that the generators will start 
tripping on overvoltage protection post 1.2 pu voltage (some maybe even within the 
first 100ms depending on overvoltage protection settings), if voltages as those shown 
in the graphs materialized, it is highly likely that there would be loss of generators 
(possibly at high scale) and the system would probably collapse.  

Conclusion and Recommendation 

Considering all the information as part of the fact finding, some short literature checks, 
and the discussions with Transpower engineers, it is clear that Transpower’s approach 
in conducting power frequency temporary overvoltages is in line with other utilities from 
around the world and not in disagreement. However, considering the scrutiny that can 
be expected from authorities that approve expenditure, a more stringent approach that 
can be followed to establish likely overvoltage and remedial action could be: 

• Conduct dynamic overvoltage studies within an RMS time domain simulation 
environment that includes generator voltage control and excitation models; 

• Represent large dynamic loads as induction motor load; 

• As a starting point conduct the studies without the transformer saturation 
characteristics modelled; 

• If feasible incorporate any generator overvoltage protection trip possibility with 
the right timing requirements; 

• If overvoltages are established, re-run the worst-case scenarios (with the right 
load level and contingency) with partial transformer saturation included (for 
example only for transformers at a single voltage level, or just one 
demand/generation region); 

• If overvoltage is still present but a very clear effect is established, increase the 
transformers with saturation model (this could be the next region or voltage 
level). The results should now indicate a much more realistic overvoltage issue; 

• For remedial action, exhaust use of shunt capacitor tripping or reactor 
switching-in as the first port of call. It is possible that further reduction in the 
periphery of the region may not provide the desired reduction in voltage and 
severely affected busbars. Hence, establish the level of compensation required 
locally but not available to alleviate overvoltage; 

• Check the response time of the static shunt compensation is feasible to work; 

• If not, then seek other options available. This is likely to be dynamic in nature 
and hence SVC is now an option. In effect, if this is the only investment 
justification for an SVC, then it really needs to be very strong. 

• Establish the amount of SVC – here it is crucial to understand that the amount 
required to contain and reduce an overvoltage of 1.3 or 1.4 pu to or below 
1.1 pu would be much higher than that required to reduce 1.2 or 1.25 pu to or 
below 1.1 pu. 
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We trust that you find this letter of opinion to be of guidance and if you require any 
further clarifications please do not hesitate to come back. 

 

Yours sincerely 

 

 

 

Zia Emin (BSc, MSc, PhD, CEng, FIET, SMIEEE, DMCIGRE)  

Technical Director, Power Networks, PSC UK Ltd 


