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Overview

Decarbonization of the energy sector requires increased electricity transmission capacity to integrate remote renewable resources and accommodate loads from transportation and industrial applications. Increasing capacity on an existing right-of-way (ROW) could reduce social opposition and regulatory restrictions as compared to building new transmission.

Siting new transmission lines in the US is increasingly difficult due to multiple levels of conflicting regulatory bodies, local through federal. HVDC conversion can transmit 3.5X power in the existing right-of-way (ROW). Maximizing potential of existing corridors could speed the energy transition. 
This work begins to investigate the economic aspect of HVDC conversion as a means of expanding transmission capacity when new corridors are not possible, beginning with an existing 345 kV AC line, with 1300 MW capacity. A breakeven analysis of investment and power production compares the costs and benefits of upgrading a 345kV double circuit AC line to: 1) 500kV bi-pole HVDC, 2) higher ampacity lines at 345 kV AC, or 3) 500kV double circuit AC. These options are compared for power capacity increases from 20% to 250% and for point to point distances of 50 to 400 miles.
Methods
HVDC conversion and three types of AC power capacity increase options are compared in an existing 345 kV double circuit corridor. The configurations compared are: 1)Convert to HVDC using the existing corridor ROW, structures and conductors; 2) upgrade AC power using the existing corridor ROW and structures with new conductors of similar weight; 3) upgrade AC power by expanding the corridor ROW to accommodate higher voltage AC with existing structures, using existing or new conductors; and 4) upgrade the AC power by expanding the corridor ROW to accommodate higher voltage AC and building new structures with new conductors. The maximum delivered power capacity per phase (or per DC pole), not including any emergency overage operating conditions, is calculated based on the thermal capacity of the lines (i.e. reactive power is not considered at this stage of analysis). 
The capital costs for transmission expansion depend on the electricity type, voltage, and configuration. The capital costs for each configuration vary with power (MW) and distance (mi). The power-related costs are based on the sizing requirements for new transformer stations or converter stations. The distance related costs are new conductors, additional land for required ROW, and structure changes (because distance determines, to a first order, the number of structures required in a corridor). Ohmic and conversion losses vary across the cases due to the differences in the conductors and different terminal equipment. The power loss must be accounted for to appropriately compare the expected costs of the cases. Losses scale with required power (due to increase in current) and distance (due to linear increase of line resistance with distance). The cost of these MWh are then parameterized based on the low, average and high wholesale cost of energy in the Great Plains region in 2016 (EIA, 2016). Annual losses for ten years, starting in the present, are calculated using this method, and then the net present value of these costs is taken, with discount rate of 5%.
Results

The configurations compared have different capacity limitations across the distances analysed. Within the existing corridor, higher performance conductors at 345 kV provide less than a 100% increase, falling to ~50% increase at 400 miles. Type 2 configurations, operating at 500 kV AC with additional ROW but existing structures, can provide more than 150% increase. With new structures and additional ROW, 500 kV AC configurations are competitive in power transfer capacity to +/- 500 kV bi-pole HVDC. HVDC can transfer up to 250% more power across all distances analysed.
HVDC conversion breakeven distances may be much shorter than new transmission breakeven distances. If no additional ROW can be acquired, HVDC is least cost compared to 345 kV reconductoring at 75 miles when losses are taken into account at $25/MWh (average for the Great Plains in 2016 according to EIA). If additional ROW can be acquired, HVDC is still least cost at 175 miles or more for power increases of 50% - 150%. At 200 miles, these lines would deliver between 1900 MW (50% increase) and 3400 MW (150% increase). Sizing these lines at 75-80% nameplate capacity, this would serve a 2.6 to 4.6 GW wind generation source (Pattanariyankool & Lave, 2010).
The results are sensitive to the cost of losses. At higher cost losses ($75/MWh), DC is more competitive at lower power, with a breakeven distance of 125 miles at 10-30% power increase. At lower cost loses ($5/MWh), DC is more competitive at higher power, breaking even at 225 miles for a 130% power increase and 300 miles for a 250% power increase. If ROW acquisition cost is incorporated (as opposed to purchase cost), at 100X purchase cost per acre HVDC is least cost for 10% to 180% power increases at 200 miles or longer.
These results do not yet take into account a cost estimate for downtimes. HVDC conversion downtimes should be similar to a reconductoring scenario, or less (18 months). Rebuilding the AC corridor would require significantly longer downtimes. 

Conclusions

HVDC conversion is least or comparable cost at 50%-150% power increases and over 150 miles for the given corridor. This is less than half the new transmission breakeven distance for HVDC over HVAC (375-500 mi). HVDC conversion may be more cost effective and operationally feasible than new transmission or HVAC improvements for decarbonizing the electricity sector. Future work will identify potential corridors in the US for case study to determine how conversion could be incorporated into optimization studies of electricity transmission expansion and deep decarbonization planning, and how regulatory and financial policy may influence adoption.

Transmission planning (within utilities) and decarbonization transmission optimization (within university research) do not currently incorporate conversion as an option. Inclusion of conversion scenarios may change perspectives on both policy and technology steps for reaching decarbonization goals. Lowering conversion costs (capital costs and energy losses) and increasing flexibility of HVDC operational configurations (i.e. using the latest voltage-source-conversion technology (VSC)) may be necessary for electricity infrastructure to keep pace with the energy transition. HVDC VSC could provide additional benefits including tap-offs and black-start capability. R&D investment in HVDC VSC technology could provide a new path for decarbonization. Federal regulation may find incentivizing or easing conversion projects faces less industry and regulatory pushback than focusing on new transmission. Short term focuses of regional planning are still a likely barrier. Investigation with FERC and state public utility commissions (PUCs) into policy and regulatory options is also a future research path.
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