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1. Introduction 
Much work has already been done in developing new renewable technology, but much 
remains. In this journey there seems to be a virtuous triangle: (1) Pioneering 
technologies are developed in laboratories that are frequently supported by 
governments; (2) When these technologies show the potential to perform well in one or 
more applications, they transition to potential manufacturers that further develop these 
and also develop efficient manufacturing techniques, and (3) At some point potential 
customers request information on the technology, and then work with developers to 
deploy initial projects. At this point the cycle begins anew to further refine the technology 
and improve economic payback. Each of the following renewable technologies followed 
this path, and continue to do so: 

 Photovoltaic (PV) Power Generation 

 Wind Power Generation 

 Battery Energy Storage Systems 

 Nuclear Power Generation 

 Geothermal Power Generation 

Many more are stuck between (1) and (2) in the above cycle, and a few, at best may find 
niche applications. The others? Stillborn due to inability to compete with alternative 
solutions for targeted applications. 

A vital player in this cycle is the start-up developer. Although step (1) above may start 
out in a government or university lab, if these developments are to be deployed they 
must be further developed to the point where they can make the transition to step 2. This 
heavy-lifting is very risky business. Maybe one in a hundred start-ups are able to 
transition to step (2), and interest one or more major manufacturers (with deep-pockets) 
in their technology. Although these manufacturers are not totally risk-averse, they do 
need to see a well-conceived product with strong potential to cost-effectively address at 
least one major niche application in order to invest. Frequently the start-up in question 
does not have the development talent and/or the marketing expertise required to 
convince the manufacturer to become a partner. 

A little less than a year ago, I posted a two-part series on startup support organizations, 
and this is linked below. Part 1 covered California-government and private groups (a.k.a. 
venture capitalists or “VCs”) that help fund green-tech startups. Part 2 covered global 
networks of clean energy incubators and accelerators that support these startups. 

https://www.energycentral.com/c/cp/audacious-ambitions-%E2%80%93-part-1-california  

https://www.energycentral.com/c/cp/audacious-ambitions-%E2%80%93-part-2-world  

This paper will continue this theme, but with a focus on the relationship between 
California and China.  

https://www.energycentral.com/c/cp/audacious-ambitions-%E2%80%93-part-1-california
https://www.energycentral.com/c/cp/audacious-ambitions-%E2%80%93-part-2-world
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2. Initial Comments 
This section will deal with two very complex questions that need to be answered before 
we can deal with the question that is the next section’s title.  

2.1. Greenhouse Gases and the Carbon Cycle 
This subsection is already complex enough, so we will just focus on the primary 
greenhouse gas by affect: carbon dioxide (hereafter CO2). If anyone ever tells you that 
CO2 remains in the atmosphere for X-years (pick a number) they clearly don’t 
understand, because CO2 interacts with many of the systems in our biosphere, so there 
is no fixed period. More specifically, it depends on which molecule of CO2, you are 
talking about and where and when. A half-life may be calculated for an average quantity 
of CO2, but this requires a set of assumptions regarding how it interacts, which make the 
result dubious at best. 

Let’s look at some simple examples shown by the figure below.1 

 

Assume that a ton of CO2 is emitted by a factory. Some percent of that will be absorbed 
by plants (like trees and crops) and through photosynthesis, converted to the plant’s 
substance. But the number associated with this “some” depends on where the CO2 is, 
the time of year, the temperature, etc. Also plants rate of CO2 absorption depends on the 
percent of CO2 in the atmosphere.  

                                                 
1 Holli Riebeek and Robert Simmon, NASA Earth Observatory, The Carbon Cycle, Page 1, 

https://www.earthobservatory.nasa.gov/features/CarbonCycle/page1.php  

https://www.earthobservatory.nasa.gov/features/CarbonCycle/page1.php
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In many cases when the plants are burned or die and decay and the CO2 may be 
released again. The decayed plant material may be incorporated into soil where the CO2 
may be released again or sequestered for an extended time depending on land-use. 

The above process (called the fast carbon cycle) also occur in bodies of water. 

If you really want to dig into the carbon cycle and related issues, go through the link in 
the above reference 1. Note that this is a six part series – from the linked first-page click 
on titles in the box in the upper left to access other parts. 

So given the above, are we really sure that the CO2 being released by the above factory 
(and millions of others) is accumulating in the atmosphere. Short answer: yes. Because 
we have been measuring its content in the atmosphere for many decades. See the chart 
below.2 By the way Mauna Loa Observatory is commonly used for global CO2 
measurements because these measurements are less effected by local variations here 
than in most other locations. 

 

                                                 
2 From Wikipedia article on Carbon dioxide in Earth's atmosphere, File:Mauna Loa CO2 monthly mean 

concentration.svg: Chart by Delorme - Own work. Data from Dr. Pieter Tans, NOAA/ESRL and Dr. Ralph 

Keeling, Scripps Institution of Oceanography., CC BY-SA 4.0, 

https://commons.wikimedia.org/w/index.php?curid=40636957  

https://commons.wikimedia.org/w/index.php?curid=40636957
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But do the increasing greenhouse gasses cause the global temperature rise? Same 
answer: the graph below illustrates the change in global surface temperature relative to 
a 1951-1980 average temperature. 

 

2.2. Major Anthropogenic CO2 Emitter Nations 
There are many ways you can measure nations’ CO2 emissions, so below are the most 
common. Although all of the numbers below are estimates, they will be indicative of the 
real magnitudes. The following labeled lists below are referenced here.3 

2017 CO2 emissions as a percentage of world emissions: 

 Highest emitter: China, 29.3% 

 US: 13.8% 

 European Union: 9.6% 

 India: 6.6% 

 Russia: 4.8% 

Of the above, percent reduction/increase from 1990 to 2017: 

 Russia: 25.8% reduction 

 European Union: 19.5% reduction 

 US: 0.4% increase 

 India: 305% increase 

 China: 354% increase 

Of the above, 2017 tons of CO2 emissions per capita: 

 US: 15.7 t 

 Russia: 12.3 t 

                                                 
3 Wikipedia article on “List of countries by carbon dioxide emissions”, 

https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions  

https://en.wikipedia.org/wiki/List_of_countries_by_carbon_dioxide_emissions
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 China: 7.7 t 

 European Union: 7.0 t 

 India: 1.8 t 

There is a family of metrics whose argument suggests that, since CO2 remains in the 
biosphere for centuries to millennia, we should look at cumulative emissions over the 
past 100 years. In countering this argument, I point out that the science behind climate 
change has been settled only in the last few decades,4 thus going back 100 years 
doesn’t make much sense. Nevertheless, I am presenting this data below. The following 
are megatons of CO2 emissions from 1900 to 2002. Again these (and following graphic 
from a different source) are estimates, especially contributions before 1950. 5 

 US: 303,034 Mt 

 Russia: 86,281 Mt 

 China: 80,804 Mt 

 Germany: 71,792 Mt 

 UK: 54,141 Mt 

The above source is not as solid or on target as I would like, so I am presenting similar 
data from a different source below. Period is 1751 to 2017.6 

 

                                                 
4 See the very brief post: https://www.energycentral.com/c/ec/climate-change-book  
5 Time for Change, “Cumulative CO2 emissions by country”, https://timeforchange.org/cumulative-co2-

emissions-by-country/  
6 Our World in Data, https://ourworldindata.org/uploads/2019/10/Cumulative-CO2-treemap.png  

https://www.energycentral.com/c/ec/climate-change-book
https://timeforchange.org/cumulative-co2-emissions-by-country/
https://timeforchange.org/cumulative-co2-emissions-by-country/
https://ourworldindata.org/uploads/2019/10/Cumulative-CO2-treemap.png
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3. Why China? 
From the lists in the prior subsection, two bad actors stand out: China, and the U.S. In 
the defense of the U.S., we have also worked hard to reduce our anthropogenic 
emissions of all greenhouse gases, and also we have done much of the renewable 
energy development and initial deployment for the world. But what about China? Lately 
they have begun to bend the curve (see chart below7). 

 

Furthermore, China has been investing heavily in renewable technology. 

As of 2016, China obtained a total of 4.4 Million GWh of energy from Coal, oil and 
natural gas. Also in 2016, China obtained about 1.8 Million GWh from renewables 
(including nuclear and large hydro). By 2018 the total for renewables in China was up to 
over 2.1 Million GWh.8 

There is no doubt that China and the U.S. are competing to be the most powerful nations 
in the world. The largest challenge that the world is facing currently is climate change. 
Each country has unique skills that will be required to deal with this challenge. The short 
story is that the U.S. is best at developing new technology and testing those 
developments in an open marketplace where the technology with the greatest long-term 
value wins. China is best at quickly ramping up production to a massive scale and 
exporting products world-wide. 

An example demonstrating the U.S. strengths are the rapid deployment of the most 
advanced renewable technology, and, most important, rapidly driving down the pricing 
on long-term power-purchase agreements used to sell renewable energy to utilities and 
other consumers.  

                                                 
7 Chart from The Global Carbon Project, https://www.globalcarbonproject.org/ ; contained in “United In 

Science”, from the World Meteorological Organization under the auspices of the Science Advisory Group 

of the UN Climate Action Summit 2019, https://public.wmo.int/en/resources/united_in_science  
8 Wikipedia Article on “Renewable energy in China”, 

https://en.wikipedia.org/wiki/Renewable_energy_in_China  

https://www.globalcarbonproject.org/
https://public.wmo.int/en/resources/united_in_science
https://en.wikipedia.org/wiki/Renewable_energy_in_China
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I’ve written on the subject in the prior paragraph frequently, but as a reminder, see the 
paper linked below, especially the quote at the beginning of this post. 

https://www.energycentral.com/c/cp/future-energy-economics  

The most recent example of China demonstrating how quickly they can ramp up to 
produce renewable technology is Tesla’s Gigafactory 3. This facility broke ground in 
January, 2019. As I’m writing this (New Year’s Eve, 2019), Tesla has started delivering 
Model 3 electric vehicles from this facility the first of this week, and the facility is now 
producing over 1,000 cars a week.9 The referenced article also suggests that “…Tesla is 
considering significantly reducing the price of the vehicle in China after the cost is 
reduced from sourcing the majority of the parts in the country. 

4. Collaboration 
If the U.S. and China can continue to work out our trade differences (including 
intellectual property issues), it is in our mutual best interest (and the worlds) to 
collaborate on advanced renewable technology. In the meantime, California has been 
collaborating with China for some time. 

If you look at the end of the Introduction to this paper, you will find links to a two-part 
series on clean-tech startup support organizations. A main actor in Part 2 of this series is 
the New Energy Nexus, which is a global network of clean energy incubators and 
accelerators. The New Energy Nexus has had offices in China for some time, and have 
started participating in several major programs in China.10 

“…In June, a group of prominent companies, government leaders, researchers and 
startups from both sides of the Pacific gathered at the Tianfu New Area convention 
center for the first annual Energy Internet Innovation and Entrepreneurship Summit. 

 “ ‘The energy internet has become a very important part of our strategy for power 
[sector] development: the integration of power architecture to increase the percentage of 
renewable energy in our energy mix as well as promote the efficient utilization of 
energy,’ Yinong Zhao, deputy director of the Department of Power at China’s National 
Energy Administration, said in his opening remarks at the summit, communicated via 
translator. 

“He added that in today’s globalized energy economy, ‘strengthening dialogue is the only 
way to promote a win-win future.’ 

“The first day of the conference also marked the launch of Tsinghua University’s Energy 
Internet Innovation and Entrepreneurship Center, a newly built research facility and co-
working space equipped with a live power grid simulation testing system. The center 
operated in partnership with the Oakland, California-based cleantech accelerator New 
Energy Nexus also serves as launch pad for energy startups looking to do business in 
China.” 

                                                 
9 Fred Lambert, Electrek, “Tesla announces Gigafactory 3 is already producing ‘more than 1,000 Model 

3/week’ “, Dec 31, 2019, https://electrek.co/2019/12/31/tesla-gigafactory-3-producing-1000-model-3-week/  
10 Julia Pyper, Greentech Media, “California and China Strengthen Cleantech Ties as Trade War Smolders” 

November 27, 2019, https://www.greentechmedia.com/articles/read/california-and-china-strengthen-

cleantech-ties-as-trade-war-smolders  

https://www.energycentral.com/c/cp/future-energy-economics
https://electrek.co/2019/12/31/tesla-gigafactory-3-producing-1000-model-3-week/
https://www.greentechmedia.com/articles/read/california-and-china-strengthen-cleantech-ties-as-trade-war-smolders
https://www.greentechmedia.com/articles/read/california-and-china-strengthen-cleantech-ties-as-trade-war-smolders


 

8  

 

5. Energy Internet 
I’ve only heard the title term recently, but it’s been around for a few years. When I 
researched this, the earliest mention was a paper delivered at IEEE 2013 Fourth 
International Conference on Networking and Distributed Computing. This paper 
suggested that it was an extension of “Smart Grids”, and is referenced here.11 

However what later became to be known as the smart grid was developed several 
decades earlier.  

5.1. Communications 
The control centers that controlled the generation, transmission and distribution of power 
started developing wide area networks (WAN) to communicate with each other in the 
1980s. In the early 1990s various electric utility bodies started working on an 
international standard protocol that that would be both more secure and easier to 
implement. The latter was primarily achieved by encouraging computer systems vendors 
to develop interoperable communication interfaces. The resulting WAN protocol was the 
Inter Control-Center Communications Protocol (ICCP), which eventually evolved into 
IEC 60870-6/TASE.2. TASE was an abbreviation for Tele-control Application Service 
Element, and TASE 2 was the second evolution of this protocol. The above protocol 
quickly evolved to more open and secure versions. 

5.2. Information Model 
Another element was required: a detailed information model for all of active entities in 
the electric grid. In the late 1980s to early 1990s, an Electric Power Research Institute 
(EPRI) led group started work to develop a control center application program interface 
(CC-API). In 1996 the first version of this Common Information Model (CIM) was 
submitted to the IEC, and in 1998 the first installation of this interface was performed. 
CIM-10, final version was accepted as standard in 2001. By 2005 five major vendors 
offered versions that had been extensively tested for interoperability. The original CIM’s 
international specification is IEC 61970, but it has spawned several other specifications 
dealing with information exchange between electric distribution components and 
systems (IEC 61968), deregulated market communication (IEC 62325) and 
communication with Intelligent Electronic Devices (IEDs, IEC 61850). 

So by the first decade of the 21st century, both the protocols and information models to 
allow communication among control centers was mature, but what communicated with 
what. Data mostly came from the grid into control centers. Applications in the control 
center hosted various types of static and dynamic models that simulated and optimized 
grid performance (see next subsection). Thus the Smart Grid, a.k.a. Energy Internet was 
alive and well. But it continues to evolve, adding new types of devices (like PV plus 
storage) and applications. 

Note that the above standards are truly international, thus the stage has been set for 
collaboration on all energy-related development. 

                                                 
11 Junwei Cao and Mingbo Yang, “Energy Internet – Towards Smart Grid 2.0”, presented at the IEEE 

Computer Society’s 2013 Fourth International Conference on Networking and Distributed Computing, 

http://www.mit.edu/~caoj/pub/doc/jcao_c_energyinternet_ieee.pdf  

http://www.mit.edu/~caoj/pub/doc/jcao_c_energyinternet_ieee.pdf
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5.3. Applications 
OK, we have methods for the grid’s control centers to communicate, and a common 
language to describe the data, but what do we do with the data. There are probably 
hundreds of applications that can use this data to improve efficiency and reliability of the 
grid. The most important of these are described in detail in the last post of the earlier 
Supervisory Control and Data Acquisition (SCADA) Series. Since this was posted in 
spring 2018, I just visited it, and it’s still timely, and most of its links still work, so I’ve 
linked it below. 

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

