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1. Introduction 
A primary resource in combatting climate change is renewably produced electric power. 
Even though these technologies have progressed far in the last couple of decades, and 
it appears that this trend will continue well into the future, we are still only at the start of 
this journey, and we will encounter many obstacles along the way. A major barrier is the 
first word in the title of this paper – intermittency.  

Many states will have problems as they attempt to reach net-zero GHG. Also as 
intermittent renewables scale up, some intermittency problems will be more wide-scale, 
effecting whole regions. How will we deal with these? 

This series will look at the tools that we currently have in our toolkit to address wide-
scale intermittency. 

Part 1 looked at the Planning Tools that will alert us to looming intermittency problems, 
when there is still enough time to deal with them. It is linked below. 

https://energycentral.com/c/gr/intermittency-compatibility-toolkit-part-1  

This part will look at a tool that will enable power to flow from region to region in North 
America, allowing more dispatching flexibility to mitigate both intra-regional and inter-
regional variability. We will also look at another set of tools that provide flexible 
dispatching for AC transmission lines. 

2. HVDC Transmission 
This section is based on a study commissioned by the United States Energy Information 
Administration (EIA), which is justified and described below. 1 

2.1. IEA Statement 
Given the increase in renewable generation in recent years, it has become increasingly 
important to understand the manner in which operational challenges arising from 
intermittency may be mitigated with other technologies or operating procedures. One 
such technology is high-voltage direct current (HVDC) transmission lines. To help better 
inform the U.S. Energy Information Administration’s (EIA) long-term planning models 
and projections, EIA commissioned a study from ICF Incorporated, LLC (ICF) to assess 
the role that HVDC transmission lines may play as additional renewable generation 
sources become integrated into electrical grids. 

More specifically, ICF was asked to review the extent to which they believed HVDC lines 
may mitigate challenges resulting from additional renewable generation, the advantages 
and disadvantages of using HVDC lines to transmit the electricity generated from 

                                                 
1 Assessment of the Potential for High‐Voltage Direct Current Transmission to Mitigate Impacts of Non‐

Dispatchable Generation Technologies, ICF Incorporated, LLC, March 2018, 

https://www.eia.gov/analysis/studies/electricity/hvdctransmission/pdf/transmission.pdf  

https://energycentral.com/c/gr/intermittency-compatibility-toolkit-part-1
https://www.eia.gov/analysis/studies/electricity/hvdctransmission/pdf/transmission.pdf
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renewable sources, and the potential costs of constructing additional HVDC lines in a 
formal analysis based on many sources of information. 

To provide some background, electricity generated by renewable resources can be 
categorized into two types—dispatchable and non-dispatchable generation. 
Dispatchable generation sources include conventional hydroelectric, geothermal, and 
biomass. Non‐dispatchable (or intermittent or variable) generation sources like solar and 
wind, however, depend on the resource availability, such as when the sun is shining or 
the wind is blowing. As a result, these technologies have limited capability to respond to 
generation dispatch signals. 

The increasing deployment and penetration of non-dispatchable renewable generation 
from resources like solar and wind can lead to electrical system operational issues, 
which include under- or over-generation during times of high or low electricity demand. 
Such conditions could potentially require additional grid services to accommodate the 
associated fluctuations in generation delivered from these resources… 

HVDC lines have typically been used to transfer large amounts of power over long 
distances. They are now being proposed as a way to move electricity generated from 
wind in high-quality wind resource regions to other parts of the country. If properly 
configured, direct current transmission could also help mitigate operational issues with 
wind and solar generation such as a mismatch in generation in relation to the need for 
increased ancillary services associated with renewable generation. This can be 
accomplished by effectively moving electricity generated from wind or solar resources 
from areas of high penetration to areas with lower penetration. 

Author’s Comment: This study is moderately long (74 pages including front and back 
matter), and there is much good information on this subject and figures illustrating this 
information. I am only including the summary of findings below. If readers would like to 
delve more deeply into this issue, they should go through the link in reference 1. 

2.2. Summary of Findings 

Worldwide, there has been a renewed resurgence and interest in developing high‐
voltage direct current (HVDC) transmission projects for economic interregional transfer 
of electric power. In the United States, several HVDC projects are in the planning 
pipeline to facilitate integration of renewable resources in remote host regions to distant 
load centers. This study examines the role of HVDC lines in mitigating the impacts of 
non‐dispatchable renewable generation technologies. Non‐dispatchable technologies (or 
intermittent or variable generation technologies), like solar and wind, operate based on 
resource availability, thereby creating dispatch challenges for system operators. The 
report addresses a number of specific questions raised by the U.S. Energy Information 
Administration (EIA) designed to examine the circumstances under which HVDC lines 
play a role in integrating renewables, the extent to which HVDC lines can mitigate the 
impact of non‐dispatchable renewable generation, the configurations of HVDC suited for 
renewable integration, potential grid issues in using HVDC lines for renewables 
integration, and the potential costs of constructing these lines based on experiences to 
date. 

This study is based on a three‐pronged approach. First, ICF reviewed several publicly 
available sources to assess the suitability of HVDC technology in addressing grid 
integration issues related to the development of renewable energy. Second, ICF 
compiled and summarized the recent trends in HVDC project costs based on publicly 



 

3  

 

available sources to address questions related to cost‐effectiveness of deploying HVDC 
solutions for renewable integration. Third, ICF relied on three detailed case studies—
TransWest Express (TWE) Project interconnecting Wyoming and California, Plains & 
Eastern’s Clean Line Project in Southwest Power Pool (SPP) and the Tennessee Valley 
Authority (TVA) service territory, and Midcontinent Independent System Operator’s 
(MISO’s) conceptual HVDC network—to address the questions outlined in the project 
scope. The key findings from the study are summarized below. 

The negative impacts of non‐dispatchable renewable generation include generation 
curtailment, depressed or negative energy prices, system stability issues because of 
mismatch of generation and demand, increased need for ancillary services, and 
inefficient unit commitment and dispatch. Increased grid interconnection through HVDC 
transmission would enable more flexibility in power transmission from regions with 
excess renewable resources (host) to regions with high electricity demand (client). Since 
HVDC is decoupled from the alternating current (AC) system, the transfer from the host 
to client regions can be achieved with minimal impact on the underlying AC transmission 
system of the host region. Further, because HVDC has relatively low losses over long 
distances, the distance between the host and client regions does not affect the ability to 
derive the renewable integration benefits. 

Without a detailed modeling of HVDC projects, it is difficult to ascertain if there would be 
any reliability implications of using an AC network of the host region to interconnect 
renewable resources in the host region. The renewable penetration levels at which 

HVDC solutions are likely to be deployed (that is, in lieu of AC solutions) to mitigate non‐
dispatchable generation impacts tend to vary across bulk power system. Factors such as 
the robustness of the underlying transmission network, the mix of generation resources, 
availability of flexible resources, and the nature of the ties to neighboring systems will all 
affect the level at which HVDC solutions will be deployed. Nevertheless, the current 
consensus from a review of available literature is that HVDC lines make economic sense 
at higher penetration levels of renewables. 

The cost of an HVDC transmission system depends on many factors such as power 
capacity to be transmitted, type of transmission medium (submarine or land‐based), 
environmental considerations, access to easements rights‐of‐way (ROWs), and cost of 
converter stations and associated equipment. A lack of recent HVDC projects in the 
United States makes it difficult to ascertain typical project costs. Based on a review of 
recent proposals and relevant regulatory filings, the cost of HVDC projects ranges 
between $1.17 million per mile and $8.62 million per mile (2017$). 

Author’s Comment: The above section mainly focused on long range HVDC 
transmission to solve region-to-region connectivity issues required to mitigate 
intermittency. HVDC can also be used to solve difficult short-range transmission issues. 
These might involve connecting large off-shore wind projects to on-shore transmission 
systems, or fixing gaps in transmission systems caused by retiring old fossil plants, as 
described in subsection 4.2 of the 2018 post described and linked below. 

Wind and Water: Recently there has been much interest in building offshore wind 
farms. The U.S. finally commissioned our first offshore project, but the Europeans are 
well ahead of us. This is also true for a technology required for these wind farms: 
submarine HVDC Transmission Lines. Read this paper for more details. 

https://www.energycentral.com/c/iu/wind-and-water  

https://www.energycentral.com/c/iu/wind-and-water
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Also the project described in the above referenced subsection used technology from my 
employer (Siemens) at the time it was built. Siemens is also the primary developer of the 
technology described in the next section. 

3. FACTS 
If you have ever attended a major university in pursuit of an electrical engineering 
degree (like I have), there is a good chance that you have heard the statement: 
“Electricity in a grid goes where it wants to.” What this means is that AC electricity 
follows the path of electrical least resistance, regardless of the wishes of the manager of 
the grid. This is not exactly true, there have been methods of minimally affecting the 
“path of least resistance” that have been known since Nicola Tesla developed the 
modern AC electric grid. However until recently, these have not risen close to enabling 
full (or even partial) dispatch of AC Transmission. 

The title of this section stands for “Flexible AC Transmission System.” This is a family of 
technologies enabled by modern high-power electronic devices. I have some experience 
with FACTS. When I was working for Siemens on another project at PJM, I was asked to 
facilitate an introduction to FACTS at PJM, and was able to do this. 

Siemens is a technology-leader in both FACTS and HVDC Transmission (they use 
similar technology). I will use the Siemens FACTS products as my primary information 
source for the subsections below, and each subsection reviews a point solution. The 
reference at the end of this paragraph is a starting-point for Siemens FACTS Products. 
There is also a cute video on this page.2 

3.1. Synchronous Condenser 
Inertia and short-circuit power are key elements of grid stability – yet their availability is 
shrinking. This may be caused by the addition of renewables-based power generation to 
the energy mix, phase-out of thermal power plants… and the extension of power supply 
systems to remote areas. All of this influences the stability of transmission networks, 
resulting in a worldwide renaissance of the synchronous condenser. The Siemens 
Energy synchronous condenser solution comprises a horizontal synchronous generator 
connected to the high-voltage transmission network via a step-up transformer. It is 
started up and stopped with a frequency-controlled electric motor (pony motor) or a 
starting frequency converter. When the generator has reached operating synchronous 
speed, it will be synchronized with the transmission network, and the machine is 
operated as a motor providing reactive and short-circuit power to the transmission 
network… 

To provide maximum inertia, Siemens Energy has extended the established 
synchronous condensers solution with additional rotating mass from a flywheel. This 
extension is a very effective method to maintain the required level of inertia and thus the 
RoCoF (Rate of Change of Frequency) of the system. Rotating mass provides an 
inherent synchronous inertia response, which is counteracting grid frequency 
fluctuations with active power injection or absorption during sudden load unbalance 
events. 

                                                 

2 Siemens Energy, “Flexible AC Transmission Systems,” https://www.siemens-

energy.com/global/en/offerings/power-transmission/portfolio/flexible-ac-transmission-systems.html  

https://www.siemens-energy.com/global/en/offerings/power-transmission/portfolio/flexible-ac-transmission-systems.html
https://www.siemens-energy.com/global/en/offerings/power-transmission/portfolio/flexible-ac-transmission-systems.html
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Siemens Energy’s flywheels are operated in partial vacuum to minimize air friction 
losses and reduce the cooling efforts to maintain required temperature level in all 
operational and emergency modes. The design enables a safe emergency run-down in 
case of total power loss (grid black-out). 

The flywheel is designed for plug & play installation delivered to the site with rotor 
installed, lowest possible footprint and low supervision and maintenance effort. 

3.2. SVC PLUS® (STATCOM) 
Transmission grids are undergoing fundamental changes in terms of power generation. 
With the high penetration of renewable generation and ever-growing demand, power 
quality, and dynamic grid stability are at risk due to the lack of synchronous power 
generation. 

This forces grid operators to look for technology solutions to help them stabilize the grid 
and ensure that the electricity keeps flowing. One answer to this is static synchronous 
compensators, a regulating device used on alternating current electricity transmission 
networks. It is based on a power electronics voltage-source converter and can act as 
either a source or sink of reactive AC power to an electricity network… 

Author’s Note: SVC is an abbreviation for Static VAR (Volt-Amps Reactive) 
Compensator. 

The SVC PLUS® is an advanced STATCOM (static synchronous compensator). By 
using the voltage-sourced converter (VSC) technology based on Siemens Energy 
modular multilevel converter (MMC) design, it offers high economical and technical 
flexibility by its modular design. The footprint of an SVC PLUS® installation is smaller 
than a conventional SVC installation of the same rating, by up to 50 percent… 

It is a technology that Siemens Energy has been deploying for some time, and in late 
June 2019, it celebrated the installation of its 100th STATCOM. These devices are 
particularly relevant today, with the ever-increasing incorporation of inverter-connected 
generators tied to wind and solar power… 

The SVC PLUS is geared to quickly inject significant inductive or capacitive power. Thus 
the SVC PLUS provides improved dynamic stability of transmission systems to reduce 
the risk of voltage collapse and blackout while avoiding deterioration of the power quality 
due to its multilevel configuration: generating unwanted harmonics is widely avoided. 

By using a large number of supercapacitors, the new SVC PLUS frequency stabilizer® is 
a cost-efficient, compact solution that can add system inertia by adding active power to 
the grid when needed. It also offers voltage support by means of reactive power 
compensation. 

3.3. Static VAR Compensators 
Siemens Energy's SVC Classic improves power quality by dynamically injecting the 
required amount of reactive power into the net. The SVC Classic achieves this fast and 
reliable functionality by use of state-of-the-art light-triggered thyristors (LTT). By 
deploying these LTTs there is no need for a delicate thyristor control on medium voltage 
level – a significant plus in reliability and operational safety. Depending on the 
application SVC Classic consists of a thyristor controlled reactor (TCR), a thyristor 
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switched capacitor (TSC), or MSCs/MSCDNs. Its modular design provides customized 
solutions for different requirements. 

In that way the SVC Classic solutions can be optimally tailored to suit a wide range of 
requirements: 

 They increase grid reliability by assisting fault recovery and thus reduce the risk 
of blackouts.  

 They improve the power factor by dynamically providing reactive power 

 They restore symmetry to unbalanced phases 

 They reduce flicker of large industrial consumers like electric arc furnaces… 

A large variety of SVC Classic concepts covers the wide spectrum of applications. 
Typical voltage levels range up to 800 kV… 

3.4. Unified Power Flow Controller (UPFC) 
The UPFC PLUS® solution is based on the Modular Multilevel Converter (MMC) 
architecture from voltage source converters (VSC) in semiconductor technology, as 
developed by Siemens Energy and already proven in SVC PLUS® and HVDC PLUS®. 

A Unified Power Flow Controller (UPFC) is used to control and influence the electrical 
energy transmitted through individual lines in intermeshed, supra-regional power 
networks. UPFC can therefore be used to meet specific, contractually agreed power 
throughputs in intermeshed grids. 

The scope of application is aimed at high-voltage electricity transmission networks using 
three-phase AC at voltage ranges of 220 kV to 500kV, and its control functions make 
use of power electronics similar to the systems used in HVDC transmission. Unlike 
HVDC, the power electronics are not used directly for power transmission but to 
influence and modulate the AC current being transmitted… 


