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1. Introduction 
Note that this paper is a recent update of the original paper, posted in May, 2018. I also 
am updating the other papers in this series concurrently with this one. 

Part 1 of this series, "The Future" can be accessed through the link below: 

https://www.energycentral.com/c/ec/climate-and-energy-part-1-future-rev-b  

There is a bit of time-warp to deal with here. The last paper in this series is on mitigation 
of climate change. As used by this series, mitigation will mean future steps to reduce 
atmospheric greenhouse gasses (GHGs). A Link to this paper is below 

https://www.energycentral.com/c/ec/climate-and-energy-part-3-mitigating-climate-
change-rev-b  

By the way, GHGs mostly do not go away on their own. For instance, I read many 
sources on the lifetime of CO2 in the atmosphere. The clearest definition came from 
Wikipedia1 "Although more than half of the CO2 emitted is removed from the atmosphere 
within a century, some fraction (about 20%) of emitted CO2 remains in the atmosphere 
for many thousands of years." Also Methane has a global warming potential 104 times 
greater than CO2 in a 20-year time-frame, but only 28 times in a 100-year time-frame. 
The flip side is that as methane degrades it forms CO2. 

So, assuming the impacts of climate change start becoming really bad, and our leaders 
finally conclude that the worst is yet to come (in spite of net-zero GHG emissions), then 
the next step is to start removing GHGs from the atmosphere and sequestering them. 
There are many ways of doing this, some surprisingly easy. These are covered in Part 3.  

However, the steps we have already taken, are taking, and (hopefully) will take for the 
foreseeable future to reduce our GHG emissions, will be considered part of our current 
response to climate change, and thus part of the impact of climate change. These will be 
covered in the first section in this paper. 

2. Reducing Greenhouse Gas (GHG) Emissions 
Question: How do we stop climate change? Answer: stop burning stuff. 

The above is an over-simplification, but unquestionably, most of the greenhouse gas in 
the atmosphere is there because of burning stuff (making CO2) or leaks of burnable stuff 
(methane, a.k.a. natural gas). A small part comes from leaks of stuff we use to keep cool 
(chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) like Freon).  

But 30 or 40 years ago most thought that coal-fired generating plants were really great. 
Now those same plants, not so much. Current state-of-the-art natural gas-fired combined 
cycle plants are much better (much lower GHG emissions), and also are very responsive 

                                                 
1 https://en.wikipedia.org/wiki/Greenhouse_gas#Atmospheric_lifetime  

https://www.energycentral.com/c/ec/climate-and-energy-part-1-future-rev-b
https://www.energycentral.com/c/ec/climate-and-energy-part-3-mitigating-climate-change-rev-b
https://www.energycentral.com/c/ec/climate-and-energy-part-3-mitigating-climate-change-rev-b
https://en.wikipedia.org/wiki/Greenhouse_gas#Atmospheric_lifetime
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and thus good at mitigating variable renewables (since their first stage is basically a gas-
turbine peaker).  

2.1. The Cost of Utilities 
Californians pay more for water and electricity than most residents in other states. Water 
is a limited resource (especially in the West), so residents with pretty green yards should 
be willing to pay enough to justify water-efficient plants and irrigation systems (vs. using 
too much water). The alternatives include low-water landscaping, and that is OK too. 

The cost of electricity should include the true-cost of generating it, including mitigating 
the negative impacts of pollution from production. See chart below for California's 
generation sources.2 It should be noted that over 50% of this is from very low GHG 
sources (hydro, wind, nuclear, solar, geothermal, and biomass). 

 

Electric and gas utilities (and thus our electric and gas bills) also pay for GHG emissions 
through our cap and trade program. The California Air Resources Board's cap-and-trade 
regulation is a set of rules that establishes a limit on GHG emissions from the State’s 
biggest sources of GHGs. The regulation provides for the establishment, administration, 
and enforcement of the California GHG Cap-and-Trade Program by applying a statewide 
GHG emissions cap on covered entities and providing a mechanism for trading 
instruments used to comply with the cap. The Cap-and-Trade Program provides 

                                                 
2 California Energy Commission, "California 2018 Total System Electric Generation in Gigawatt Hours", 

https://ww2.energy.ca.gov/almanac/electricity_data/total_system_power.html  

https://ww2.energy.ca.gov/almanac/electricity_data/total_system_power.html
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flexibility about how sources may comply with the overall cap. Proceeds from the Cap-
and-Trade Program facilitate investments throughout California that further the State’s 
climate goals (see figure below).3 

 

2.2. Impacts on Electric Generation and Distribution 
The best generators to minimize greenhouse gas are renewables. So our fleet (in 
Northern California, where I live) mainly consists of renewables plus combined cycle, 
and battery energy storage systems (BESS) are starting to make a major impact. 
Currently (mid 2019), California generates about 86% of our electricity with natural gas 
or very low GHG emitting sources (See above chart). For other areas in the U.S. this is 
the future. 

Going forward we will add more renewables and BESS. Peakers and older combined 
cycle plants will be retired. Newer combined cycle plants might add CO2 sequestration 

                                                 
3 2019 Annual Report, Cap-and-Trade Auction Proceeds,  

https://ww3.arb.ca.gov/cc/capandtrade/auctionproceeds/2019_cci_annual_report.pdf  

https://ww3.arb.ca.gov/cc/capandtrade/auctionproceeds/2019_cci_annual_report.pdf
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technology to keep them running and preserve diversity in our generation mix. Also 
biomethane is starting to become available (mainly from livestock operations and 
landfills) and using this to fire combined cycle (and thus keep the methane out of the 
atmosphere), plus sequester the CO2 from these plants is the best of all worlds. 

So the initial impact is a change in the technology used to generate our power.  

Rooftop solar panels and commercial solar projects have distributed our electricity 
sources. This means our electric tariffs have increased complexity. Residential 
customers with photovoltaic (PV) panels will mainly use a net energy metering (NEM) 
tariff. Commercial facilities can also use NEM, and many with solar arrays do (especially 
smaller ones). As of mid-2019, we are approaching our "million solar rooftops" goal. 

With larger facilities and those with storage and/or other sources of generation, the 
requirements become very complex. To delve into this, please see an earlier paper that I 
posted, linked below. Note that this link is to part 2 of this paper, but there is a link to part 
1 in chapter 1 of the paper linked below. This link is to a paper is on microgrids. Large 
facilities, especially those with multiple generation sources and storage, should consider 
controlling those assets as a microgrid for the best outcomes. 

https://www.energycentral.com/c/pip/reemergence-microgrids-part-2  

Thus other impacts include reductions of average load on distribution circuits and 
substations, and accommodation of more complex relationships between electric 
utilities and consumers, including tariffs. 

Since 1950, the area burned by wildfires each year has been increasing, as spring and 
summer temperatures have warmed and spring snowmelt has occurred earlier. During 
the recent “hotter” drought, unusually warm temperatures intensified the effects of very 
low precipitation and snowpack and created conditions for extreme, high severity 
wildfires that spread rapidly. 4  

Six of the largest fire-years have occurred since 2006. The largest recorded wildfire in 
the state (Mendocino Complex, 459,123 acres) occurred in July 2018. 

The following data includes wildfires that occurred after this original paper was posted 
(May 2018). Most of the following information was gathered by the reference at the end 
of this sentence.5 

$400 billion initial estimate of the overall damage to the state after the 2018 wildfire 
season, which could make it the most expensive slew of natural disasters in the history 
of the United States. That number reflects the 7,579 wildfires that burned across this 
season. But the worst devastation came from The Camp Fire and the Woolsey fire. 

91 confirmed fatalities from the two fires — 88 from the Camp Fire, and three from the 
Woolsey Fire. 

250,285 acres burned in the two fires. Combined, the fires consumed an area 
equivalent to about 391 square miles — more than a third of the state of Rhode Island, 
or the area of Chicago, Seattle and Baltimore combined. 

                                                 
4 Integrated Risk Assessment and Research Section, Office of Environmental Health Hazard Assessment, 

California Environmental Protection Agency; "Indicators of Climate Change in California", May 2018, 

https://oehha.ca.gov/media/downloads/climate-change/report/2018caindicatorsreportmay2018.pdf  
5 Vicky Stein, PBS, KQED, "8 numbers that tell the grim story of California’s wildfires", Nov 30, 2018, 

https://www.pbs.org/newshour/nation/8-numbers-that-tell-the-grim-story-of-californias-wildfires  

https://www.energycentral.com/c/pip/reemergence-microgrids-part-2
https://oehha.ca.gov/media/downloads/climate-change/report/2018caindicatorsreportmay2018.pdf
https://www.pbs.org/newshour/nation/8-numbers-that-tell-the-grim-story-of-californias-wildfires
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13,972 homes burned in the Camp Fire (per CalFire). The Woolsey Fire destroyed 
1,500 structures and damaged 341 more.6 

In recent years the source for many mammoth wildfires has been a predictable 
sequence of events. These generally start in the mid-summer to early-fall. 

 A severe dry-high-wind event (wind out of the north to east vs. a storm from the 
west with rain or high humidity). The winds for these can approach or even be 
hurricane-force. 

 The winds cause many trees (usually diseased or dead due to factors worsened 
by climate change) to fall and large limbs to break off. 

 A few of the trees and limbs hit power distribution lines, which provide an ignition-
source (lightning or human-carelessness can also start a fire but usually in a 
single location). 

 The above occurs concurrently in several locations in the same general area. 

 The resulting wildland fire spreads very rapidly and is too intense to fight.  

 By the time the wind abates, the fire has spread to several hundred square miles. 

There are several other results that are even worse. In recent decades many retirees 
and other residents have moved into an area called the wildland-urban interface.7 This is 
a prime tinderbox for the above events, and when they occur, many homes burn and 
some people (that cannot escape the flames) die. I know, as I've had a second home in 
the Sierras for the last 15 or 20 years, and have had to evacuate a few times. 

Electric utilities are disconnecting all of their power in an area when the 
conditions that could lead to the above bullets exist. Long-term they will need to 
harden their distribution circuits, possibly placing them underground. 

California’s greenhouse gas (GHG) emissions show downward trends, with emissions 
per capita and per dollar of its gross domestic product declining (see chart below). 

 

                                                 
6 Brian Day, KTLA, " Elderly Woman and Son Found Dead Inside Burned Car in Malibu During Woolsey 

Fire Identified, Dec 10, 2018, https://ktla.com/2018/12/10/man-and-woman-found-dead-inside-burned-car-

in-malibu-during-woolsey-fire-identified/  
7 http://wildlandfirersg.org/About/Wildland-Urban-Interface  

https://ktla.com/2018/12/10/man-and-woman-found-dead-inside-burned-car-in-malibu-during-woolsey-fire-identified/
https://ktla.com/2018/12/10/man-and-woman-found-dead-inside-burned-car-in-malibu-during-woolsey-fire-identified/
http://wildlandfirersg.org/About/Wildland-Urban-Interface
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As our electricity approaches zero-GHG, the next challenge is mobility. CO2 accounts for 
85 percent of California's GHG emissions, and transportation is its largest source, 
accounting for over a third of the total emissions in 2015.  

Currently California (and other states that follow California's ZEV Mandate)8 has 
regulations that mandate an increasing percentage of overall sales by large auto 
manufacturers be zero emissions vehicles (ZEVs). Although the rules for this are very 
complex (see reference), the table below defines the requirements through 2025.9 

Model Year  Credit Percentage Requirement  

2018  4.5%  

2019  7.0%  

2020  9.5%  

2021  12.0%  

2022  14.5%  

2023  17.0%  

2024  19.5%  

2025 and subsequent  22.0%  

Other sources predict rapid growth in EV sales over a longer term.10 

 

In conjunction with my "day job" at Microgrid Labs, we have looked at EV charging 
patterns. Many will choose to charge at home, particularly for areas with residential 

                                                 
8 Including Connecticut, D.C., Maine, Maryland, Massachusetts, New Jersey, New Mexico, New York, 

Rhode Island and Vermont. 
9 California Air Resources Board, Zero-Emission Vehicle Standards for 2018 and Subsequent Model Year 

Passenger Cars, Light-Duty Trucks, and Medium-Duty Vehicles, 

https://www.arb.ca.gov/msprog/zevprog/zevregs/1962.2_Clean.pdf  
10 Car and Driver, Bengt Halvorson, "Report Forecasts Explosive Growth for EVs", May 2018, 

https://www.caranddriver.com/news/report-forecasts-explosive-growth-for-evs  

https://www.arb.ca.gov/msprog/zevprog/zevregs/1962.2_Clean.pdf
https://www.caranddriver.com/news/report-forecasts-explosive-growth-for-evs
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tariffs that provide low rates for late light and early morning charging (like PG&E's EV 
Tariff)11 Others (especially those without convenient charging options at home) will 
chose to charge at work or other daytime destinations. Long-distance travelers will use 
commercial chargers. 

Concentrations of black carbon in California’s air have dropped by more than 90 percent 
over the past 50 years despite a seven-fold increase in statewide diesel fuel 
consumption — its largest anthropogenic source. This is largely due to tailpipe emission 
standards, diesel fuel regulations and biomass burning restrictions. Black carbon is a 
“short-lived climate pollutant.” Unlike CO2, it does not persist for long in the atmosphere. 
It is also a powerful global warming agent. Black carbon is the second most important 
contributor to global warming after CO2. 

Reducing black carbon further will require electrification of California's fleet of trucks and 
busses. The good news is that replacements are starting to come to market. See the link 
below for an earlier paper with more information on electric light vehicles and heavy 
vehicles. 

https://www.energycentral.com/c/pip/evolution-battery-electric-vehicles-and-their-supply-
equipment  

Electricity use will increase substantially, and potentially disruptively with 
increased use of EV chargers (a.k.a. EV supply equipment or EVSE). This 
challenge will be primarily fueled by daytime or fleet charging. 

2.3. Impacts on Gas Transmission and Distribution Systems 
First of all, I have spent most of my career dealing with electric utilities and large 
facilities, and virtually none in the gas transmission and distribution industry. Also, I tried 
researching the title subject on the Web, and didn't find much, so this subsection will be 
brief. The main consumption of natural gas comes from: 

 Electric utilities for generation 

 Commercial and residential heating (environmental and cooking) 

 Various industrial applications, including heat and chemical-feedstock. 

 Leakage of production, transmission, distribution systems or users 

I would guess that the last bullet above will be under the greatest pressure to reduce 
consumption from cap-and-trade or other GHG-reduction initiatives. 

In California gas-fueled electric generation is probably slowly decreasing consumption. 
In other states this application is probably increasing consumption, especially as coal-
fired generation is displaced. I would also guess that average consumption of natural 
gas by generators would continue to increase for at least the next decade. See the last 
paper in this series on GHG mitigation for possible repurposing some natural gas assets. 

I would guess that commercial and residential heating and industrial applications would 
be among the last uses to be displaced, even in California.  

                                                 
11 Pacific Gas & Electric, Tariff Book, Electric Schedule EV, Residential Time-of-Use Service for Plug-In 

Electric Vehicle Customers, https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_SCHEDS_EV%20(Sch).pdf  

https://www.energycentral.com/c/pip/evolution-battery-electric-vehicles-and-their-supply-equipment
https://www.energycentral.com/c/pip/evolution-battery-electric-vehicles-and-their-supply-equipment
https://www.pge.com/tariffs/assets/pdf/tariffbook/ELEC_SCHEDS_EV%20(Sch).pdf
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2.4. Water and Wastewater Management System Impacts 
The elephant in the room here, especially for California, is the "d" word. A universally 
used indicator of drought — the Palmer Drought Severity Index — shows that California 
has become drier over time. Five of the eight years of severe to extreme drought (when 
index values fell below -3) occurred between 2007 and 2016, with unprecedented dry 
years in 2014 and 2015. The record warmth from 2012 to 2016 coincided with 
consecutive dry years, including a year of record low snowpack, leading to the most 
extreme drought since instrumental records began in 1895 (see figure below).  

 

Although we (California) are not currently in a drought, and our reservoirs are full, we 
know that the next drought will be a few years in our future. Also, most of the other 
southwestern states face a similar future. So efficient use of our water resources is 
critically important. Below are a few issues for our water management agencies. 

Ground water management: I will move away from California for a moment, to travel 
east to where I grew up in the Texas Panhandle (also seven other states – go through 
the link in the reference below). The Ogallala Aquifer (a.k.a. High Plains Aquifer) lies 
under a large part of the middle of the continental U.S., and an important agricultural 
region, and its running dry. According to the reference below, a 2013 study forecasted 
that the High Plains Aquifer would be 69 percent depleted by 2060.12 

As pointed out above, California exited one of the most serious draughts in our history in 
2018. In the middle of this draught, we enacted three bills that will hopefully lead to 
active management of all of our groundwater basins (go through the link below for more 
information). During the recent draught many farmers were forced to pump above-
normal amounts of groundwater to stay in business, and this drew down the water tables 
substantially in many basins13. 

Many outside of California are not aware that our state is the leading U.S. state for cash 
farm receipts. In 2016 these were $46 Billion, of which $20 Billion were foreign exports. 

                                                 
12 Andrew Amelinckx, Modern Farmer, " Even Without a Drought, We’re Depleting Groundwater at an 

Alarming Pace", https://modernfarmer.com/2015/07/ogallala-aquifer-depletion/  
13  Sustainable Groundwater Management (Act -- SGMA), https://www.water.ca.gov/sgma  

https://modernfarmer.com/2015/07/ogallala-aquifer-depletion/
https://www.water.ca.gov/sgma
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Thus agriculture is one of our most important industries, and we are acting aggressively 
to protect it. 

However managing water resources is nothing new for California. We have had an 
extensive network of aqueducts for many decades (the oldest projects are over a 
century old). We continue to expand these.14 We hope to continue to grow California by 
using our in-state resources, but other areas (especially in the southwest) may need to 
import water from other areas with water surpluses as climate change takes hold.  

Water utilities can also impact energy. Of course pumping water (from wells and over 
mountains) requires energy, but then there is the big watt-guzzler: reverse osmosis 
desalinization. Several areas in Southern California have limited water, so during the 
recent draught, San Diego County was forced to build the largest desalinization in the 
Western Hemisphere in Carlsbad, CA. It was completed in 2015, and delivers 54 Million 
gallons a day of water. The energy cost of the Carlsbad Desalinization Pant is 35 MW. 
As of 2015 California had 11 desalinization plants. Some of these are dedicated to large 
electric generating plants on the coast. 

Reverse osmosis can also be used to treat brackish (slightly salty) water from inland 
sources. It can also be used to treat secondary-purified wastewater. Where I live 
(Livermore, CA) we have a recycled water treatment plant and distribution system. 
Treatment consists of primary, secondary and tertiary treatment processes, and UV 
disinfection. Our plant produces 6 million gallons of recycled water per day, and this is 
used for irrigation, fire protection, and fire suppression.15 Other cities in California either 
already have these systems or are starting to build them (Sacramento has also built 
one).16 

Thus the first two impacts of climate change on water utilities are (1) better 
managing water supplies above and below ground and (2) identifying new sources 
of water, some of which will require processing, increasing electric consumption. 

Most of the impacts of climate change for water utilities will be regional. For instance 
most severe climate changes that lead to drought conditions will probably be mainly felt 
in the Western states. The document referenced below projects a major deficit in 
western U.S. mountain snowpack and snowmelt by the mid and late 21st century. The 
table below details this.17 Chapter 8 of this referenced document focuses on droughts, 
and if the reader is interested in more information on this subject follow the link below, 
go to chapter 8 and start reading. 

As we mentioned above, saltwater from the oceans can be desalinated to make water 
suitable for use by residential, commercial and industrial consumers. As sea level rises, 
saltwater can also intrude into fresh water basins, river outlets and other sources in 
coastal areas. 

                                                 
14 https://www.water.ca.gov/-/media/DWR-Website/Web-Pages/Water-Basics/California-Water-

System/Files/Publications-And-Reports/California-State-Water-Project---At-a-Glance.pdf  
15 Livermore Water Resources, Recycled Water, 

http://www.cityoflivermore.net/citygov/pw/public_works_divisions/wrd/recycled/default.htm  
16 Sacramento County Water Agency, Recycled Water, 

http://www.waterresources.saccounty.net/scwa/Pages/RecycledWater.aspx  
17 Fourth National Climate Assessment (NCA4), Volume I, https://science2017.globalchange.gov/  

https://www.water.ca.gov/-/media/DWR-Website/Web-Pages/Water-Basics/California-Water-System/Files/Publications-And-Reports/California-State-Water-Project---At-a-Glance.pdf
https://www.water.ca.gov/-/media/DWR-Website/Web-Pages/Water-Basics/California-Water-System/Files/Publications-And-Reports/California-State-Water-Project---At-a-Glance.pdf
http://www.cityoflivermore.net/citygov/pw/public_works_divisions/wrd/recycled/default.htm
http://www.waterresources.saccounty.net/scwa/Pages/RecycledWater.aspx
https://science2017.globalchange.gov/
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In areas where /when the temperature increases (see part 1 of this series, the first figure 
in section 3), this could result in increased evaporation and eutrophication in water 
surface sources.18 19 

Third impact of climate change on water utilities: need for more frequent testing 
and possible loss of water sources. 

Sewage and storm drainage systems are designed for a maximum amount of rainfall in a 
given period. With climate change it is likely that many parts of the U.S. will experience 
higher or much higher rates (see part 1, the third figure in section 3). 

Fourth impact of climate change on water utilities: Need to redesign sewage, 
storm drainage and other facilities for stronger rainstorms. 

                                                 
18 Eutrophication: Excessive richness of nutrients in a lake or other body of water, frequently due to runoff 

from the land, which causes a dense growth of plant life and death of animal life from lack of oxygen. 
19 Association of Metropolitan Water Agencies. " Implications of Climate Change for Urban Water 

Utilities, December 2007, https://www.amwa.net/galleries/climate-

change/AMWA_Climate_Change_Paper_12.13.07.pdf  

https://www.amwa.net/galleries/climate-change/AMWA_Climate_Change_Paper_12.13.07.pdf
https://www.amwa.net/galleries/climate-change/AMWA_Climate_Change_Paper_12.13.07.pdf

