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RESPONSE TO EIPC TOTF “Phase II HVDC Consideration Process”

In review of the TOTF memo on the approach for considering HVDC options, we find the view is short-sighted, and too limiting.  Not only are many of the benefits of HVDC not taken into consideration, but the approach laid out does not appear to compare AC and HVDC on an even basis.  The TOTF memo correctly identifies HVDC as being beneficial in three main areas; namely, cable applications, connecting asynchronous systems, and moving large amounts of power over long distances.  The memo also correctly identifies the fact that HVDC is completely controllable and can be implemented with significantly less infrastructure than an equivalent AC system.  

However, the TOTF memo is incomplete in its characterization that EHV transmission can deliver equivalent amounts of power the same distances just by adding switching stations every 200 miles.  The efficacy of such an “equivalent” solution presents technical inconsistencies.   First and foremost, an equivalent AC system would likely require multiple circuits which are all series compensated in order to load the facilities to a reasonable amount (e.g., twice their surge impedance loading (SIL)).   

As an example, a 2009 paper[footnoteRef:1] co-authored by engineers from AEP and ABB utilized an example of moving 6000 MW of power over distances from 200 to 800 miles.  The 345 kV and 500 kV AC lines were allowed to approach approximately twice their SIL using series compensation.  To achieve the 6000 MW transfer, two 765 kV lines were assumed loaded to 1.25 times SIL and not requiring series compensation for the 200 mile case.  In order achieve the 6000 MW transfer, four 345 kV circuits and four 500 kV circuits were required. These configurations require up to three times the ROW of a single HVDC circuit and ignore possible issues with angular stability.     [1:  Fleeman, Gutman, Heyeck, Bahrman, and Normark, “EHV AC and HVDC Transmission Working Together to Integrate Renewable Power,” IEEE PES/CIGRE, Calgary 2009.] 


The figure below, borrowed from the aforementioned paper shows the loading capability of various EHV AC lines and DC lines; the DC line loading is essentially unaffected by distance.
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Another significant benefit of HVDC, losses, that is only given cursory treatment in the TOTF memo. Again based upon the aforementioned scenario of a 6000 MW transfer, the following graph was presented:
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The graph above shows significant benefit over 345 kV and 500 kV in loss reduction beyond 400 miles and depending on HVDC voltage an equivalent or significantly better loss profile over 765 kV.

Finally, the paper presents a cost comparison of the solution as follows:
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Again, HVDC options begin to edge out EHV options at 200 miles and are a clear winner at 400 miles.

As previously mentioned, the TOTF memo does not address the issue of steady-state stability utilizing EHV solutions over long distances.  This issue is directly related to the system impedance and reactive support concerns which are in direct proportion with line length.  Steady-state or angular stability are typically not a concern with long HVDC lines from a system perspective.  The recent Texas CREZ Transmission plan has shed quite a bit of light on the issues surrounding stability and the efficacy of long, series compensated lines for supporting transmission of renewables.  HVDC lines installed for transmission of bulk power over a long distance can potentially be used to improve both steady state and dynamic stability of the system. Traditionally use of FACTS devices could also help; however, HVDC is a much better choice as it is possible to modulate the active power, if needed, which is a direct way of improving first swing and angular stability.

The treatment in the TOTF memo of controllability also deserves more consideration.  An important goal in the EIPC plan should be to avoid congestion.  A well designed bulk system must avoid congestion and the ability to accurately control flows over specified paths can clearly help in optimizing transfer capability.  

The controllability inherent in HVDC will also allow for better integration of intermittent resources by essentially moving the variability of large amounts of intermittent generation from smaller/weaker areas of the Eastern Interconnect into more robust and flexible areas better able to manage the variability.  The lack of correlation between these distant wind farms and local renewables is illustrated in the following table.[footnoteRef:2]  The table shows the R2 of various sites in the Eastern Interconnection.  The lower the R2, the less correlated the wind in the comparison locations. [2:  These correlation factors were calculated utilizing data from the EWITS database [EWITS sites modeled are: IA, no. 367; KS, no. 62; OK, no. 3693; IL, no. 3579; IN, no. 620; and TN, no. 4291].] 
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Finally, newer HVDC technologies which employ Voltage Source Converters (“VSC”) are emerging at higher power transfer capabilities.  These VSC technologies would bring the additional benefit of precise voltage control and robust reactive power capability at the points of interconnection as compared with an equivalent AC transmission system.  A VSC HVDC system could also be used as a STATCOM even if the DC tie is out operation due to any contingency for transfer of active power. Having the provision of independent control of active and reactive power and AC voltage is a huge benefit for improving system stability.  VSC also appears to be a viable solution for tap points along a traditional HVDC line (i.e., a current source converter based project, aka “HVDC Classic”) for either picking up or dropping off additional energy.
In sum, the TOTF should consider HVDC as a viable if not sometimes the preferred technical solution when designing an “optimized” transmission plan.  This consideration should be done contemporaneously with consideration of AC systems, not as an afterthought following AC consideration; as implied in the TOTF memo. 
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