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1. Introduction 
In order for you to understand why I’m writing this paper, I need to tell you how it 
evolved. A few months ago I wrote a paper that is referenced below. 

Virtual Resources: 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. 

https://energycentral.com/c/cp/virtual-resources 

At the time I wrote this I saw the future dimly. More recently I saw the rest of this future. I 
started analyzing what I saw, and everything started getting really complex: way too 
complex for most of my readers to find useful. So I backed off and thought about this for 
a while. 

I believe that most of my readers expect me to provide a brief explanation of the subject 
at hand, along with the resources (read: links) to dig in to this subject as deeply as they 
need or want to. And that is what I will do here. 

What I did in the above referenced paper was to understand the firm that was building 
future virtual power plants (aggregated from a large number of distributed resources), 
understand the technology they would probably use, and what their offering might look 
like. But what I didn’t deal with were the standards and interfaces that would be required 
to make it work, and these are really complex.  

Recently the California PUC posted a decision that clearly defines the standards and 
interfaces that will be required for virtual power capacity systems to inter-operate and 
operate with utilities. This paper is about those standards. 

2. Inverters 
Inverters convert DC Power to AC Power through the use of power electronics. Most on-
site generation systems that will be used by utility electric consumers (large and small) in 
the near future are (and will be) based on solar plus storage. Photovoltaic (PV) panels 
produce DC power, which is converted to AC using inverters. Storage, a.k.a. battery 
energy storage systems (BESS) use batteries to store and release power. Batteries 
send and receive DC power, so they too need inverters to send power to AC facility 
distribution systems and the larger grid. 

The most efficient integrated solar plus storage systems use a PV DC string voltage that 
is reasonably close to the BESS battery DC voltage. This results in the PV being able to 
send DC power to the BESS (via a DC-to-DC converter), thus avoiding the losses in a 
conversion of DC to AC and then AC to DC (via a rectifier) to get the power from the PV 
panels to the batteries. 

https://energycentral.com/c/cp/virtual-resources
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In the final section (5) of the prior paper “Virtual Resources” (linked in the intro) we 
reviewed what commercial aggregation services might look like. These would aggregate 
many small facilities’ resources and these resources would primarily be PV, BESS and 
electric vehicles coupled through bi-directional chargers (also effectively BESS).  

So when we start looking for emerging standards that define how these resources might 
communicate with the facility power distribution control system, grid managers and 
aggregators, we are looking standards that define how smart, communicating inverters 
talk to these other systems. By the way, standards also include regulatory requirements. 

3. Standards 
Occasionally I find a really good high level description or presentation that describes 
exactly what I need to say. This is the case here. Thus I will provide some summary 
comments (mostly also from other sources) and a link to that presentation. 

Our summary starts with ZigBee. This is a “…specification for a suite of high-level 
communication protocols used to create personal area networks with small, low-power 
digital radios, such as for home automation, medical device data collection, and other 
low-power low-bandwidth needs, designed for small scale projects which need wireless 
connection. Hence, Zigbee is a low-power, low data rate, and close proximity (i.e., 
personal area) wireless ad hoc (self-configuring) network.1 

ZigBee was to be used as an extension of utility advanced metering infrastructure 
systems that allow these systems, and thus the utilities using them to communicate with 
devices in home and other facility automation systems. If you want to take a deep dive 
into this – go through the link below to an earlier paper. 

https://www.energycentral.com/c/iu/ami-part-4-%E2%80%93-internet-things  

Within the ZigBee Specification application profiles are defined, and the first of these 
developed was the original version of the following. 

“The Zigbee Smart Energy 2.0 specifications define an Internet Protocol-based 
communication protocol to monitor, control, inform, and automate the delivery and use of 
energy and water. It is an enhancement of the Zigbee Smart Energy version 1 
specifications. It adds services for plug-in electric vehicle charging, installation, 
configuration and firmware download, prepay services, user information and messaging, 
load control, demand response and common information and application profile 
interfaces for wired and wireless networks. It is being developed by partners including:1 

 HomeGrid Forum responsible for marketing and certifying ITU-T G.hn technology 
and products 

 HomePlug Powerline Alliance 

 International Society of Automotive Engineers SAE International 

 IPSO Alliance 

 SunSpec Alliance 

 Wi-Fi Alliance 

                                                 
1 Wikipedia Article on Zigbee and the Smart Energy 2.0 application profile, 

https://en.wikipedia.org/wiki/Zigbee#Zigbee_Smart_Energy_2.0  

https://www.energycentral.com/c/iu/ami-part-4-%E2%80%93-internet-things
https://en.wikipedia.org/wiki/Zigbee#Zigbee_Smart_Energy_2.0
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Zigbee Smart Energy relies on Zigbee IP, a network layer that routes standard IPv6 
traffic over IEEE 802.15.4 using 6LoWPAN header compression. 

In 2013, IEEE adopted the ZigBee SEP 2.0 Smart Energy Profile as IEEE 2030.5. IEEE 
2030.5 is an application layer protocol that supports modern IP networks. 

IEEE 2030.5 is communication layer independent – supports WiFi, HomePlug, ZigBee or 
others that support Internet Protocol and Hypertext Transfer Protocol (http) standards. 

And finally: Electric Rule 21 is a tariff that describes the interconnection, operating and 
metering requirements for generation facilities to be connected to a utility’s distribution 
system. The tariff provides customers wishing to install generating or storage facilities on 
their premises with access to the electric grid while protecting the safety and reliability of 
the distribution and transmission systems at the local and system levels.2 

Rule 21 was recently modified by the decision referenced here: 

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M347/K953/347953769.PDF  

The above linked document is almost 200 pages long, and would require a reader to 
research of many background documents to fully understand its language. 

So, we will go back to the presentation I mentioned in the beginning of this section. 

https://www.qualitylogic.com/wp-content/uploads/2020/06/QL-Intro-to-2030.5-
Webinar.pdf#:~:text=%C2%A0%20Gateway%20must%20be%20capable%20of%20com
munications%20in,8%20%28scheduling%29%20from%20Phase%20III%20recommenda
tions%20from%20SIWG  

                                                 
2 California Public Utilities Commission (CPUC), “Rule 21 Interconnection”, 

https://www.cpuc.ca.gov/Rule21/  

https://docs.cpuc.ca.gov/PublishedDocs/Published/G000/M347/K953/347953769.PDF
https://www.qualitylogic.com/wp-content/uploads/2020/06/QL-Intro-to-2030.5-Webinar.pdf#:~:text=%C2%A0%20Gateway%20must%20be%20capable%20of%20communications%20in,8%20%28scheduling%29%20from%20Phase%20III%20recommendations%20from%20SIWG
https://www.qualitylogic.com/wp-content/uploads/2020/06/QL-Intro-to-2030.5-Webinar.pdf#:~:text=%C2%A0%20Gateway%20must%20be%20capable%20of%20communications%20in,8%20%28scheduling%29%20from%20Phase%20III%20recommendations%20from%20SIWG
https://www.qualitylogic.com/wp-content/uploads/2020/06/QL-Intro-to-2030.5-Webinar.pdf#:~:text=%C2%A0%20Gateway%20must%20be%20capable%20of%20communications%20in,8%20%28scheduling%29%20from%20Phase%20III%20recommendations%20from%20SIWG
https://www.qualitylogic.com/wp-content/uploads/2020/06/QL-Intro-to-2030.5-Webinar.pdf#:~:text=%C2%A0%20Gateway%20must%20be%20capable%20of%20communications%20in,8%20%28scheduling%29%20from%20Phase%20III%20recommendations%20from%20SIWG
https://www.cpuc.ca.gov/Rule21/

