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1. Introduction 
In 1980 I moved from GE’s Nuclear Energy Division to Moore Systems (a business unit 
of Landis & Gyr). Within a year I had joined a start-up within Moore Systems: the small 
supervisory control and data acquisition (SCADA) system business.  

Initially we were not very competitive in this market, as we did not have many of the 
applications that were expected by the many of the small utilities that purchased most of 
these systems. Specifically one of these applications was a load management 
application, and this was most important for small distribution utilities. Many of the 
Generation and Transmission Utilities (G&Ts) that supplied these distribution utilities 
with power applied demand charges that were based on the monthly and/or yearly peak 
demand. The load management module monitored the system demand (load) in real-
time and could automatically take actions to reduce this if came close to the current 
maximum or target peak. The main actions were load-shedding, voltage reduction or 
sending commands through a “load management system”.  

The load management system’s operation could be complex, but for most of the small 
utilities in the Southeast or Midwest, their peak demand was in the summer, and was 
due to air conditioning load, which simplified these operations. The typical load 
management system would include RF-controlled relays that were installed on air 
conditioner compressors of many of the utility’s customers. For the best overall 
operation, the system cycled these compressors to reduce the load. The side effect was 
that the temperature in the utility-customer’s house or other facility started slowly 
increasing. I’m not going to delve into the complexities of the load management systems 
for now other than to say that one of the largest companies that produced these was a 
division of Scientific Atlanta. 

I worked for Moore (which then became Landis & Gyr Systems and finally TELEGYR, 
before being acquired by Siemens) and Siemens for over 20 years. Then Siemens had a 
major reorganization, and I was laid off. 

About a year later, I went to work for Comverge. This company was built from a small 
business unit of AT&T and the Scientific Atlanta Load Management Division. The latter 
was still alive and well, but load management was then called demand-side 
management, the system/contract was then called a virtual power capacity service/ 
contract, Comverge operated these systems, and guaranteed contracted capacity. The 
system was somewhat more complex (adaptive algorithms), but still basically operated 
as described above. 

This paper is about the latest spin on virtual power capacity systems, which are also 
known as virtual peaking capacity, virtual power plants, and so forth. These systems are 
still being produced, but the company producing the latest spin on these virtual systems 
is generally known for a spin of a different type. 
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2. Batteries 
Today, big batteries are everywhere. They are in battery electric vehicles (BEVs), On the 
side of homes, and really large battery banks are hosted by utilities. One company 
supplying all of the above is Tesla. Recently their notorious leader, Elon Musk said that 
Tesla Energy, the energy division of the automaker, is becoming a distributed global 
utility, and it could even outgrow its automotive business.1 

The idea is that Tesla would keep deploying more solar and energy storage systems, big 
and small, at the residential level and on utility-scale, and manage those distributed 
systems to act as a giant electric utility. They have also apparently enabled a vehicle-to-
grid operating mode for most of their recent BEVs and chargers, so these batteries might 
enter the mix when connected to a charger. 

But this post is not about the above vision, but the software that might make it happen. 

2.1. Autobidder 
The software was perhaps originally born of necessity, as Tesla says that this software 
is currently being used in Australia to manage the Hornsdale Power Reserve (HPR), 
which is also known as the “Tesla Big Battery”.  

If you will remember, Mr. Musk placed a wager that the battery for the above facility 
would be completed within "100 days from contract signature", otherwise the battery 
would be free. Tesla had already begun construction, and some units were operational 
by 29 September 2017 when the contract was signed. The battery construction was 
completed and testing began on 25 November 2017. It was connected to the grid on 1 
December 2017. The 63 days between contract signing and completion easily won 
Musk's wager of 100 days…2 

At 100MW/129MWh, the Hornsdale Power Reserve is the largest lithium-ion battery in 
the world, and is providing essential grid-support services. 

The 50MW/ 64.5MWh expansion, currently under construction, will further showcase the 
complete benefits that grid-scale batteries can provide to the National Electricity Market 
(NEM) and Australian consumers. 

Per the Tesla Autobidder Site,3 Autobidder provides independent power producers, 
utilities and capital partners the ability to autonomously monetize battery assets. 
Autobidder is a real-time trading and control platform that provides value-based asset 
management and portfolio optimization, enabling owners and operators to configure 
operational strategies that maximize revenue according to their business objectives and 
risk preferences… 

Batteries are highly flexible assets, but they require smart strategies and software to 
realize their full value. Autobidder allows owners to realize this value by handling the 

                                                 
1 Fred Lambert, Electrek, “Tesla has a new product: Autobidder, a step toward becoming an electric 

utility”, May 3 2020, https://electrek.co/2020/05/03/tesla-autobidder-new-product-electric-utility/  
2 Wikipedia article on “Hornsdale Power Reserve”, 

https://en.wikipedia.org/wiki/Hornsdale_Power_Reserve  
3 Tesla, Autobidder, https://www.tesla.com/support/autobidder  

https://electrek.co/2020/05/03/tesla-autobidder-new-product-electric-utility/
https://en.wikipedia.org/wiki/Hornsdale_Power_Reserve
https://www.tesla.com/support/autobidder
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complex co-optimization required to successfully stack multiple value streams 
simultaneously, including: 

 Wholesale markets, including energy, ancillary services and capacity 

 Transmission & Distribution-level grid services 

 Renewable firming and shaping 

 Bilateral contractual arrangements 

 Other portfolio needs 

… Autobidder operates at every scale: from aggregations of behind-the-meter residential 
systems to 100MW utility-scale installations. With seamless integration between 
hardware and software, Autobidder can be trusted to capture revenues immediately after 
project energization and 24/7 in dynamic environments. 

…Tesla’s team of experienced machine learning engineers, optimization engineers and 
market trading experts have created a library of sophisticated algorithms that drive the 
complex optimal dispatch behavior behind Tesla’s batteries. 

The algorithms are based on numerous mathematical techniques including classical 
statistics, machine learning and numerical optimization. The library includes the 
functionality to perform: 

 Price forecasting 

 Load forecasting 

 Generation forecasting 

 Dispatch optimization… 

Tesla also offers several other energy management software packages, described in the 
site referenced here.4 The packages are briefly described in the subsections below. 

2.2. Powerhub 
Powerhub is an advanced monitoring and control platform for managing distributed 
energy resources, renewable power plants and microgrids. Customers ranging from 
facility managers to power plant operators use Powerhub to maximize operational 
efficiency, uptime and asset value. Powerhub covers all common elements of 
Supervisory Control and Data Acquisition (SCADA) systems and offers standard 
customizations to meet the operational needs of small, large and virtual power plants. 

Powerhub integrates with Autonomous Control products for a complete solution, 
satisfying the complex operational needs of a typical large-scale energy storage project. 

2.3. Opticaster 
Opticaster is Tesla’s intelligent software designed to maximize economic benefits and 
sustainability objectives for distributed energy resources. As the fundamental machine 

                                                 
4 Tesla, Support, Tesla Energy Software, https://www.tesla.com/support/tesla-energy-software  

https://www.tesla.com/support/tesla-energy-software


 

4  

 

learning and optimization engine for Tesla energy software, it forecasts and optimizes 
energy in real-time. Facility managers, business owners and renewable developers use 
Opticaster to reduce energy spend, increase renewable energy consumption and deliver 
clean power to the grid during times of need. 

The above (mainly text from the above reference), sounds like what a utility software 
engineer might call a unit commitment program, except the “machine learning” adds a 
layer of sophistication to it. For the analogous process to the above packages that a 
utility uses, see section 2 of the earlier paper linked below. 

https://www.energycentral.com/c/pip/scada-%E2%80%93-part-6-transmission-and-
distribution-network-management  

3. Distributed Solar Plus Batteries 
Clearly a good start to the above concept is to use a large number of residences with 
rooftop solar and storage to offset the normal summertime peak demand for a given 
area. Tesla started on their Virtual Power Plant in South Australia as described by the 
source referenced here.5 

Tesla is working on a giant virtual power plant made of 50,000 Powerwalls and solar 
systems in Australia and the local government says that the first phases have shown a 
reduction in electricity rates by “more than 20%.” 

3.1. Tesla Virtual Power Plant 
This project came around after Elon Musk visited South Australia following the launch of 
its giant battery system in the state. 

Musk gave an interview during which he was informed of the significant hardship that 
Australia’s high electricity prices are putting on families. 

Visibly affected by the issue, Musk vowed that Tesla would “work harder” to help solve 
the problem. 

A few months later, Tesla announced that it reached a deal with the South Australian 
government to install solar arrays and Powerwalls on up to 50,000 homes… 

3.2. Phase 1 and 2 
In July of 2018, Tesla deployed the first 100 Powerwalls with solar for the new virtual 
power plant and focused on reducing the cost of electricity for low-income households. 

A few months later, the project moved to its second phase and Tesla started deploying 
1,000 more systems as part of the virtual power plant. 

                                                 
5 Fred Lambert, Electrek, Tesla virtual power plant in Australia reduces electricity rate by ‘more than 20%’, 

moving to phase 3, July 26, 2019, https://electrek.co/2019/07/26/tesla-virtual-power-plant-australia-savinigs-phase-

3/#:~:text=Tesla%20is%20working%20on%20a%20giant%20virtual%20power,phases%20have%20shown%20a%20reduction%20in
%20electricity%20  

https://www.energycentral.com/c/pip/scada-%E2%80%93-part-6-transmission-and-distribution-network-management
https://www.energycentral.com/c/pip/scada-%E2%80%93-part-6-transmission-and-distribution-network-management
https://electrek.co/2019/07/26/tesla-virtual-power-plant-australia-savinigs-phase-3/#:~:text=Tesla%20is%20working%20on%20a%20giant%20virtual%20power,phases%20have%20shown%20a%20reduction%20in%20electricity%20
https://electrek.co/2019/07/26/tesla-virtual-power-plant-australia-savinigs-phase-3/#:~:text=Tesla%20is%20working%20on%20a%20giant%20virtual%20power,phases%20have%20shown%20a%20reduction%20in%20electricity%20
https://electrek.co/2019/07/26/tesla-virtual-power-plant-australia-savinigs-phase-3/#:~:text=Tesla%20is%20working%20on%20a%20giant%20virtual%20power,phases%20have%20shown%20a%20reduction%20in%20electricity%20
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3.3. Performance during System Disturbances 
This source6 summarized the first report on the Tesla Virtual Power Plant (South 
Australia Virtual Power Plant or SA VPP) by the Australia Energy Market Operator 
(AEMO). 

9 October 2019, response to Kogan Creek trip: During this event, the largest 
generating unit in the National Electricity Market tripped off unexpectedly from 748 MW 
and power system frequency immediately dropped to 49.61 Hz, which is below the 
normal operating range. The SA VPP detected this frequency excursion and responded 
immediately to inject power into the system and aid frequency recovery. 

16 November 2019, response to Victoria and South Australia regional separation: 
At just after 6 pm, a non-credible contingency event resulted in the electrical 
disconnection of the South Australian region from the rest of the NEM (National 
Electricity Market) power system for nearly five hours. The initial separation resulted in 
the power system’s frequency reaching 50.85 Hz3, which meant the SA VPP was 
required to deliver its full amount enabled, 1 MW lower contingency FCAS (Frequency 
Control Auxiliary Services)... 

10 December 2019, response to frequency events: During this event, the NEM 
experienced both high (>50.15Hz) and then low (<49.85Hz) frequency events within 45 
minutes of each other. The SA VPP responded immediately in both cases to first charge 
the batteries to lower system frequency, and then discharge the batteries to raise system 
frequency. 

In a statement, Violette Mouchaileh, AEMO’s Executive General Manager, said: “Our 
report highlights how our first VPP participant, the SA VPP, performed during several 
events in the National Electricity Market (NEM). 

“This included immediately charging and discharging batteries in response to frequency 
deviations following a contingency event to maintain stable NEM frequency levels, and 
responding to energy market signals by batteries pre-charging in anticipation of elevated 
prices and discharging during the elevated price event. 

“As a result of accessing aggregated and controllable DER [distributed energy 
resources] through VPPs, the power system is supported by the provision of additional 
power when needed.” 

Tesla plans to install a total of 50,000 rooftop solar systems and Powerwall batteries in 
South Australia, and this initial report will help speed that process along. In addition to 
helping stabilize the grid, individual homeowners are seeing a drop in utility bills of up to 
20%, a welcome relief for those on limited incomes. 

Tesla is also partnering with Green Mountain Power in Vermont to help it reach its goal 
of 100% renewable energy by 2030 with help from another virtual power plant using 
Tesla Powerwall batteries. So far, that program has been very successful and saved 
GMP customers over $1 million during one high-demand event last summer. 

                                                 
6  Steve Hanley, CleanTechnica, “Tesla Virtual Power Plant In Australia Outperforms Expectations”, April 

8, 2020, https://cleantechnica.com/2020/04/08/tesla-virtual-power-plant-in-australia-outperforms-expectations/  

https://cleantechnica.com/2020/04/08/tesla-virtual-power-plant-in-australia-outperforms-expectations/
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The site referenced at the beginning of this subsection also has a very good Tesla video 
on the SA VPP. 

It should be noted that the combination of solar systems plus storage can provide much 
more powerful response than the demand-side management system employed by 
Comverge et al.  

Also the Tesla VPPs use distributed control. That is, each residence’s storage + PV 
controller monitors the frequency at its site and responds according to downloaded 
strategies. In the above case, they injected power into the grid when the frequency fell 
below a low setpoint, and absorbed power from the grid (typically to charge the 
residence’s battery) when the frequency rose above a high setpoint. 

4. Plus BEVs 
I have been hearing rumors and conjectures for a long time that Tesla may have vehicle-
to-grid (V2G) software on board of it BEVs and chargers, or is planning to download this. 
These have heated up lately, so I believe this is likely. I found three articles from three 
different credible sources, that each had a different spin on this, even though they were 
published within two days (May 19 and 20 of this year). I’ve placed links to each of these 
below, and you can draw your own opinion. 

https://electrek.co/2020/05/19/tesla-bidirectional-charging-ready-game-changing-
features/ 

https://thedriven.io/2020/05/20/teslas-switch-on-vehicle-to-grid-technology-is-big-news-
for-clean-energy-shift/ 

https://www.teslarati.com/tesla-unlocks-vehicle-to-grid-abilities-bi-directional-charging-
explained/ 

The above is important now, especially in my home state (California), but will become 
much more important in future years. Below is an excerpt from a paper I posted a couple 
of months ago. 

There are roughly 30 million highway vehicles in California. As of mid-2019, there were 
600,000 light zero-emission vehicles (ZEV) on the road in California.7  Future goals 
include:8 

 By 2023, California expects 1 million ZEVs to be on California roads. 

 By 2025, California expects 1.5 million ZEVs to be on California roads. 

 By 2030, California has a target of 5 million ZEVs. 

 By 2050, California plans to achieve a 100 percent ZEV sales rate. 

Assuming the second goal (2025) is achieved, it would mean that within five years there 
will be about 300,000 ZEVs in the San Francisco Bay Area (current population 7.8 

                                                 
7 CARB, “Draft: Assessment of Carb’s Zero-Emission Vehicle Programs per Senate Bill 498”, Chap. 2, 

Dec 17, 2019, https://ww2.arb.ca.gov/sites/default/files/2019-12/SB%20498%20Report%20Draft%20121719.pdf  
8 CARB, Appendix B: Carb’s Zero-Emission Vehicle Programs, Pgs. B8, B51 & B60, Dec 2019, 
https://ww2.arb.ca.gov/sites/default/files/2019-12/SB%20498%20Appendix%20B%20-

%20ZEV%20Programs%20120719.pdf  

https://electrek.co/2020/05/19/tesla-bidirectional-charging-ready-game-changing-features/
https://electrek.co/2020/05/19/tesla-bidirectional-charging-ready-game-changing-features/
https://thedriven.io/2020/05/20/teslas-switch-on-vehicle-to-grid-technology-is-big-news-for-clean-energy-shift/
https://thedriven.io/2020/05/20/teslas-switch-on-vehicle-to-grid-technology-is-big-news-for-clean-energy-shift/
https://www.teslarati.com/tesla-unlocks-vehicle-to-grid-abilities-bi-directional-charging-explained/
https://www.teslarati.com/tesla-unlocks-vehicle-to-grid-abilities-bi-directional-charging-explained/
https://ww2.arb.ca.gov/sites/default/files/2019-12/SB%20498%20Report%20Draft%20121719.pdf
https://ww2.arb.ca.gov/sites/default/files/2019-12/SB%20498%20Appendix%20B%20-%20ZEV%20Programs%20120719.pdf
https://ww2.arb.ca.gov/sites/default/files/2019-12/SB%20498%20Appendix%20B%20-%20ZEV%20Programs%20120719.pdf
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Million, California’s current population is 40 million). Below is a scenario defining the 
potential amount of capacity that might be available from these. 

Rather than trying to disaggregate how the ZEVs are used and their technology, I will 
describe what I feel will be the average driver and the average EV he might be driving in 
2025.  

Driver commutes 35 miles each way to work, three to four days a week. He/she also 
Drives about 30 miles a day for other trips. Total average mileage per commute day: 100 
miles. Total average mileage per non-commute day 30 miles. 

ZEV: a battery-electric vehicle with a rage of 350 miles from a 100 kWh battery. This 
ZEV is predominantly charged at home. 

At the end of the average day, this ZEV will have 60 to 90 kWh of energy remaining. If 
the average ZEV is plugged into the charger by 6:00 PM in the summer (peak demand 
season) this energy could be used to cover the late peak (6:00 until 9:00 PM). 

Thus the 300,000 vehicles in the Bay Area could yield a minimum of 18,000 MWh of 
energy every day. 

The above is very much an over-simplification. But given the right tariff, OR given a 
really creative aggregator that can manage a large group of consumers’ energy (and 
take a small percentage of the savings as profit), this gives an idea of the potential. Then 
add in the PV at each client’s house, and Powerwalls (or other battery packages) on the 
side of their house, I’m sure you will see how big this could get. 

5. Possible Commercial Aggregation Services 
Given the resources described above, a commercial aggregator of residential facilities 
could provide a large and powerful resource to help regulate the California grid and 
offset renewables’ variability. But what’s in it for the individual residential home owners. 
In other words, how will this aggregator attract clients? 

First of all, the net result should be a reduction in the amount that each client spends for 
electricity (total cost of electricity), and this should be guaranteed. Thereafter there are 
many roads this partnership can travel. These include: 

 Financing the build-out of the residential energy infrastructure with a low-interest 
loan paid back by energy cost savings. The specific equipment might include: 

o Rooftop PV Arrays 

o Residential battery energy storage systems 

o 2-way (normal and vehicle-to-grid) chargers and higher capacity chargers 

 Financing the purchase of a BEV and/or one with a larger battery 

 Energy management services for the residential energy infrastructure that will 
minimize total electricity cost (including the above financing). 

 The energy management services should allow real-time client control, that is, to 
allow individual clients (facility owners) to opt out of individual days’ activities (like 
vehicle-to-grid supply, or facility climate control) on days when it will 
inconvenience the client. 
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 The energy management services should not charge or discharge BEVs in a way 
that significantly degrades battery life or performance, and should assure that 
they have more than sufficient charge to cover each day’s planned trips. 

 Warranties for the energy management infrastructure and/or BEV. 

 Conversion of gas appliances (home heater and water heater) to electric 
appliances (heat pump and heat-pump water heater). 

 Reduction in total cost of energy over time or increasing total cost of energy over 
time (front-load or back-load loan terms). 

Since residence owners typically are not energy systems engineers, the above benefits 
will need to be packaged into a series of easily understood packages and extensions by 
professional marketing-communication professionals. 


