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Executive Summary
In the last 50 years we have experienced 2 complete natural gas (NG) price boom/bust cycles.  The 3rd began in 2021.  The latest increase is similar to the 2 earlier ones in many respects, but certain new events and new conditions will affect the current cycle.
Natural gas (NG) is a critically important resource.  It supplied 32% of the energy consumed in the US in 2021 and it was the fuel for 38% of the electricity produced.  All segments of our society rely on natural gas directly or indirectly.  Hence NG price increases will ripple throughout the economy.
This report identifies the factors that drove prior major price changes and shows how NG markets have evolved since the first energy crisis in the 1970s.  It then reviews how these factors and other key concerns will affect prices in the future.  The factors addressed include weather, NG production rates, exports, power generation, electrification, regulatory and environmental constraints as well as the strength of the economy.
There is too much uncertainty to reliably predict future NG prices and no attempt is made to do so.  Rather, the goal of this report is to provide a basic understanding of natural gas market dynamics and the factors that will drive price changes.  This information can be used to help develop planning scenarios and to provide a better understanding of how changes in the economic, political and social environment will affect prices.
While no attempt is made to predict prices, there are some significant conclusions that can be drawn from current conditions.  Demand for NG will remain strong due to growing use of NG for power generation, rapidly rising exports of liquified natural gas (LNG) and stable usage in residential, commercial and industrial applications. NG production has recovered to pre-Covid shutdown levels, but multiple constraints make additional large increases unlikely in the near-term. Continued high demand combined with constraints on expanding production will keep upward pressure on prices.  Given that supply growth will be limited, the only feasible triggers for a sustained price decline are a much warmer than normal winter and/or a major economic downturn.

Introduction
The sharp increase in U.S. natural gas and oil prices that started in early 2021 was a shock to many people.  However, it should have been expected by anyone who understands commodity price cycles.   All commodities follow a boom/bust price cycle: high prices induce the industry to expand production, which leads to oversupply, which leads to lower prices, which leads to reduced production, which leads to higher prices.  In the last 50 years, natural gas markets have gone thru 2 complete high/low price cycles and recently started the 3rd.  
In the early 1970s, natural gas (NG) demand finally caught up with supply.  However, Federal price regulations suppressed production, which led to widespread shortages and fear that ‘we are running out of natural gas’.  These events triggered many changes which contributed to the evolution of more complex market dynamics.  This review examines the factors that drove each major price increase and decrease and examines how those factors will affect future prices.
The high degree of uncertainty over all the factors that will drive prices makes it impossible to reliably predict where prices will go. This review does not attempt to predict future prices.  Rather, the goal is to provide a basic understanding of how changes in the major drivers will affect prices to help readers anticipate market responses to evolving conditions and unanticipated events.  
Note that the historical review focuses on major trends and events.  Less significant nuances are not addressed here. Also, natural gas markets are intimately tied to oil markets.  Hence, oil industry developments that had – and continue to have – a significant impact on NG prices are addressed.

I.  Structural Price Changes
First Price Increase – Pre-1983 Period
Prior to the energy crises in the 1970s the price of interstate natural gas was Federally regulated at a level below what it cost to develop wells targeted at producing natural gas.  Essentially the entire NG supply consisted of gas discovered when drilling for oil (known as associated gas).  NG usage slowly rose over time which led to demand exceeding supply in the early 1970s.  Due to the price caps, the industry had little incentive to expand NG supply.  The resulting shortages led to widespread fears that we were running out of NG. This fear led to moratoriums on new residential hookups in many areas and restrictions on using NG for power generation. 
Shortages of a critical commodity normally generate big price increases, but Federal price controls prevented a sudden increase.  Prices rose slowly as shown in Figure 1, but not soon enough to stimulate a rapid increase in supply. Congress finally began dealing with the situation by passing the Natural Gas Policy Act in 1978.  This Act established multiple price caps for different categories of NG with prices for ‘new’ gas being higher than the old levels.  These caps remained in effect until the Natural Gas Wellhead Decontrol Act of 1989 was passed.  Implementation of the act involved a complex set of regulations that effectively limited incentives to increase supply.  However, it also led to a rise in drilling targeted at finding NG rather than only focusing on oil.  
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Prior to 1985, pipelines purchased gas from multiple fields (aggregated supply), transported it to load centers and then resold it to local distribution companies (LDCs).  Commodity prices and Interstate transportation rates were regulated at the Federal level while LDC rates were regulated at the State level. NG producers had to sell to pipelines, but pipelines did not have to purchase all the gas they produced.  
Continued fear over shortages led NG pipelines to sign expensive, long-term take-or-pay contracts with producers.  These contracts committed the pipeline to pay for a minimum quantity even if they did not take it.  Changing regulations, new contracts and a spike in inflation combined with continued high prices for NG’s main competitor (oil) led to NG prices rising until early 1983.
Oil price & supply shocks in 1973 and 1979 (see Figure 2) contributed to the chaos in NG markets.  OPEC embargoed oil to the US and several other countries from Oct 1973 to Mar 1974 due to their support for Israel in the Yom Kippur war.  The Iranian revolution that resulted in the overthrow of Shah Pahlavi in early 1979 led to a huge drop in Iranian exports, resulting in global shortages and big price increases.  Oil prices rose sharply from fall 1979 thru spring-1980 and then declined slowly after that.  
Note that government actions seriously exacerbated the oil problems in early 1979.  These included:
· Regulating oil prices
· Ordering refiners to restrict the supply of gasoline in early days of the crisis to build inventories
· Forcing large refiners to supply crude to small refiners who had limited production capabilities
· Limiting when consumers could buy gasoline (odd/even days).  Look up “gasoline lines” on the web if you want to get a feel for the chaos the 1973 and 1979 disruptions caused.  
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Prior to the 1970s energy crises, there was little interest in energy efficiency in the US due to the generally low cost of utilities.  However, rising prices plus concerns over shortages led to a big increase in efforts to reduce NG use.  Widespread conservation efforts combined with governments’ restrictions on using NG in certain applications led to NG consumption peaking in 1973 and then slowly declined thru 1986 as shown in Figure 3.
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1980s & 1990s – Price Decline & Market Evolution
Rising energy prices contributed to a big increase in inflation and economic turmoil in the late 1970s and early 1980s affected all markets.  Inflation as measured by the Consumer Price Index (CPI) rose from around 5% in the mid-1970s to over 14% at its peak in early 1980.  To crush inflation, the Federal Reserve drove the prime rate to over 20% in 1981.  High interest rates led to severe recessions in 1980 and again in 1981 – 82.  The recession combined with some spending restraint by Congress led to the inflation rate falling to under 5% by the end of 1982 and staying between 3% and 5% for the rest of the decade.
Oil & NG price increases led to increased drilling for both, but it takes time for increased drilling to generate increased production of usable fuels.  Increased supply combined with the early-1980s and limited demand growth finally led to prices declining[footnoteRef:1].  As shown in Figures 1, NG prices finally peaked at around $7.00/MMBtu (in 2022 $) in mid-1982, stayed at that plateau thru mid-1984 and then slowly declined.  
 [1:  In economics terms, both oil and NG demand are inflexible in the short-term and moderately flexible in the long-term.  This means that price changes have little effect on demand in the short-term but will trigger changes in equipment and lifestyle that affect demand in the long-term.] 

Regulatory & Market Structure Changes
The late 1980s and 1990s were a period of NG market evolution and major structural changes.  Structural changes focused mainly on the pipeline industry.  These changes were driven mainly by high prices and a broad Federal movement toward deregulating industries.  
As noted above, prior to 1985 pipelines purchased gas from multiple fields (aggregated supply), transported it to load centers and then resold it to local distribution companies (LDCs).  Commodity prices and Interstate transportation rates were regulated at the Federal level while LDC rates were regulated at the State level. NG producers had to sell to pipelines, but pipelines did not have to purchase all the gas they produced.  Developing a NG production field was a very expensive, but risky endeavor due to this. 
When NG shortages arose in the 1970, producers were able to force pipeline to sign take-or-pay contracts.  Given the expectation of ongoing NG shortages and a regulatory structure that essentially guaranteed cost recovery, pipelines generally did not object to these clauses.  However, after market prices dropped LDCs and consumers strongly objected to paying the high costs pipelines were passing thru.
Pipelines recovered above-market take-or-pay costs through ‘minimum commodity bills’.  The Federal Energy Regulatory Commission (FERC) issued Order 380 in 1984 which eliminated minimum commodity bills.  FERC did not take any action to void the contracts pipelines had with producers.  Hence Order 380 resulted in extreme financial pressure on pipelines.  In 1985 FERC issued order 436 which allowed pipelines to split into contract carriers and commercial marketing arms.  FERC order 636 in 1992 made this splitting mandatory.
During the 1980s state utility commissions began allowing LDCs to implement shopping tariffs.  These allowed customers to contract for NG supply with third-party suppliers rather than having to take the LDC’s regulated supply price.  The third-party supplier arranged for NG to be delivered to the LDC which in turn delivered it to the customer.  Note that the LDC remained fully responsible for the reliability of the delivery system and ensuring the customer received NG as needed.  The customer contract with the third-party supplier is a purely financial transaction.
Order 636 finalized the industry split into 2 parts – regulated pipelines that became ‘contract carriers’ and unregulated marketing firms.  The marketing firms and brokers grew and evolved during the rest of the decade leading to innovative business arrangements and a high level of competition for customers.
Pricing trends in the late 1980s and early 1990s illustrate NG market evolution.  The NG industry injects gas into storage in the spring, summer and fall, and then withdraws it in the winter to meet heating demand.  Price fluctuations from 1988 to 1992 (see Figure 1) show the beginning of seasonal pricing – prices rose in the winter when demand was much higher.  That changed due to industry restructuring following FERC Order 636 and the growing use of risk management tools (futures, options, etc.).  After 1992, prices were influenced more by demand forecasts and supply expectations rather than seasonal usage patterns.  Prices remained low thru the rest of the 1990s except for a couple spikes due to colder than normal winters combined with low storage levels.
While changing regulations drove NG industry restructuring during this period, changing oil prices also had a big effect on NG prices.  Oil prices & production affect NG in 2 critical ways. The first is a competing fuel source in some applications (this was a more significant factor in the 1980s than it is today). The second is that the production of associated NG varies as oil production rises of falls.  During this period, roughly one-fourth of total NG production was associated gas.  
These factors came into play with the oil price surprise in 1986.  Saudi Arabia has always been the swing producer for OPEC, but in 1986 they abandoned that role to recover market share.  By increasing production well above their OPEC quota they triggered a sharp drop in prices that lasted through the 1990s.  Persistent low oil & gas prices led to a severe downturn in the industry that lasted through the 1990s, which in turn led to reduced exploration. Reduced exploration resulted in the ‘excess deliverability’ of NG that began in the mid-1980s steadily declining until it finally ended in 1999.

Increased Prices & Volatility in the 2000s
Low prices supported a steady increase in NG consumption that began in 1986 and continued thru 2000 as shown in Figure 3. Rising prices and a weak economy led to a slight decline in usage from 2000 to 2006.  Usage has risen steadily since then apart from small declines during the 2008/09 and 2020/21 recessions.  
Figure 4 shows how NG consumption of the main market segments has changed over time.  Residential and commercial use has remained relatively stable since the 1970s in spite of a large increase in floorspace of each.  Between 1973 and 2021, U.S. population increased 63% but residential NG use actual declined by around 5% while commercial usage increased by around 25%.  NG use for electricity generation has risen steadily since the late 1990s with fluctuations largely due to weather variations.  Exports were not a significant factor in the early 2000s but have become a major load in the last several years. 
Industrial usage tends to be more sensitive to price than usage in other sectors.  High prices in the 2000s led to declining industrial usage until the price collapse in 2008/09 led to a rebound in use by that sector.  The main industrial uses of NG are process heating and feedstock for production of nitrogen fertilizers, hydrogen, methanol and various other chemicals.
The most surprising consumption pattern change shown in Figure 4 is the rapid growth in exports since 2017.  This is due primarily to the construction of facilities to produce liquified natural gas (LNG) for export.  This change will be addressed in the next section of this report.
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 Prices were very volatile in the 1st decade of the 2000s (see Figure 1).  They rose sharply in 2000 but then dropped back down in 2001 due to the recession, supply constraints and the collapse of market manipulation by certain firms (the notorious Enron bankruptcy was in 2001).  Prices were fairly stable in 2002 thanks to a much warmer than normal winter (see Figure 5) but shot up rapidly in 2003 largely due to a much colder than average winter.  They stayed high thru 2008.
Note that the trend line in Figure 5 declines slowly over time.  Heating Degree Days are a measure of space heating load.  Total winter heating load varies considerably around the country.  This chart shows average national heating load weighted based on where the NG is consumed.   One factor that is seldom noted (or quantified) when discussing the downward trend is the population migration that has occurred within the US.  Over this period, the areas with the biggest population gains were FL, TX and southern CA, all of which have low annual heating loads.  The biggest population declines were in the upper Midwest, a region with high winter heating loads.  Hence the decline cannot be attributed solely to rising average temperatures.
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 The price spike in 2000 was followed by 3 more in that decade.  The 2003 spike was largely driven by cold winter weather and the 2005 spike was due to hurricanes Katrine and Rita causing severe damage to NG production & processing facilities in the Gulf of Mexico (roughly one-fourth of U.S. NG came from wells offshore in the Gulf from the mid-1970s thru early-2000s; that share has declined to less than 4% today thanks to shale gas).
A slightly colder than normal winter combined with a massive increase in financial speculation appear to have been the main causes of the spring/summer 2008 price spike.  Financial speculators tend to focus on volatile commodities and stocks.  The 2005 NG price spike clearly demonstrated a high degree of volatility in NG prices.  Between 2005 and 2008, the volume of NG futures and options contracts quadrupled, which clearly indicated that speculators had come to dominate NG trading.  
The sharp 2008 price spike was followed by an equally sharp collapse starting in the fall of 2008.  Factors that contributed to the price collapse included the 2008/2009 economic crash, speculators pulling out, and the realization that production of NG from shale fields was rising rapidly.
The 2008 price spike heralded another major shift if trading patterns.  Since then, computerized programmatic trading has come to dominate markets for natural gas and most other commodities and financial products.  Supply and demand fundamentals usually guide the direction of price movement, but the speed and extent of price changes are driven by pre-programmed algorithms, news headlines and investment fads.
The 2001 price drop caused severe stress in the NG marketing industry.  The creation of many marketing firms when the pipeline industry unbundled in 1992 led to intense competition for customers.  The scope and level of competition increased when some states began opening up retail electricity markets in the late 1990s.  Intense competition and unethical practices by some firms created an electricity pricing crisis in California in 2000 – wholesale prices in Dec 2000 were over 10 times prices in Dec 1999.  The unexpected price spike and subsequent fallout led to collapse of some firms, consolidation of many more and several states halting plans to open their electricity markets.  The resulting reduction in competition contributed to price increases that started in 2003.

Declining Prices – 2009 thru 2020
The 2 biggest developments in this period are the growth of shale oil & gas and the rapid rise in exports of liquified natural gas (LNG) after 2017.  Oil & NG from shale fields first started appearing in large quantities in 2007.  Shale production has had a massive impact on global NG and oil markets. To put it in perspective, production of oil from US shale fields accounted for around 90% of the total global increase in oil production since then.  Shale’s impact on domestic NG markets was comparably extreme. 
Figure 6 shows the dramatic growth in shale gas since 2007 (EIA is the DOE Energy Information Administration; they did not report shale gas production prior to 2007) and sharp decline in production from conventional wells.  The shutdown of the economy due to Covid in 2020 put a halt to the growth but it since has recovered to the 2019 level.    
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 The growth of shale also had a huge effect on where NG is produced.  Figure 7 illustrates the geographic shift.  In the 1980s and 1990s around one-fourth of our NG was produced offshore in the Gulf of Mexico (GOM). Off-shore GOM production (red) started declining in the first decade of this century and dropped rapidly after that.  That share since has dropped to under 4%. On-shore production in the states bordering the GOM (blue bar) was stable for the 1980s thru the 2000s but rose rapidly in the 2010s and early 2020s.  Production in the northern Rocky Mountain states (gray) has risen steadily throughout this period. Another big change was the growth of production from Marcellus in Mid-Atlantic states (black).  Marcellus is close to major load centers in the Northeast and Mid-Atlantic states and its increased output also has had a dramatic effect on the pipeline system.   Much of the pipeline system was designed to move NG from the Gulf coast to Northeast and Mid-Atlantic states. Marcellus has greatly reduced that flow and in some cases reversed it. 
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Oil prices quickly recovered following the 2008/2009 crash (see Figure 2).  This led to a boom in shale oil production which led to a big increase in associated NG production.  While oil prices recovered to near the pre-2008 spike level, NG prices stayed well below pre-spike levels (see Figure 1).  Oil prices stayed high until 2014 when the combination of OPEC over-production and big increase in shale production led to an oil glut and corresponding price crash. 
Another key impact of the huge increase in production from Marcellus is greater supply problems during extreme cold waves. In extreme cold, water in gas coming out of the ground freezes in the pipes transporting it from the well to the field processing plant, which plugs the pipe.  The infamous Polar Vortex in early 2014 was a vivid demonstration of this problem.  The TX and OK freeze in Feb 2021 also caused problems with NG production, but the main problems there were associated with electricity production. Marcellus being in a northern climate zone is more susceptible to such freezes, but the Gulf Coast region obviously is not immune to problems in extremely cold weather  
One of the key factors enabling the rapid growth of shale was investors pouring huge amounts of capital into the industry.  Shale companies used this money to grow production, but increased production led to slowly declining prices.  Figure 8 is repeat of the recent data in Figure 1 with a rough trend line added to show the decline in average price from around $4.50/MMBtu in 2009 to around $2.50 in 2021.  High operating costs combined with slowly declining prices led to most shale producers losing money.  A study by accounting firm DeLoitte estimated the industry lost around $300 billion between 2010 and 2020.  These losses effectively subsidized the prices of NG and oil during this period. 
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Fluctuations around the trend line in Figure 8 were driven primarily by weather and its effect on demand, production, storage and speculation.  Figure 5 showed that the winters of 2008 thru 2010 were colder than average.  Depletion of storage and an economic rebound from the 2008/2009 recession led to tight NG supplies and higher prices in 2010 and 2011 (see Figure 8).  Winter 2012 was much warmer than average which led to a storage surplus and price collapse.  In 2014 we had the infamous ‘Polar Vortex’ winter which led to another sharp price increase.  Winters of 2016 and 2017 were much warmer than average but cold weather was experienced again in 2018 and 2019.
The rapid rise in NG exports that started in 2017 (see Figure 4) has triggered another big change.  Prior to 2017, international NG trade was limited primarily to Canada and Mexico with gas transported by pipelines.  Exports to Mexico slowly rose from 1-2% of US consumption in 2010 to around 6% in 2020.  Net imports from Canada were around 15% of US consumption for 1998 thru 2007, but since have dropped to around 5% of consumption.  
The rapid growth of liquified natural gas (LNG) export capacity that began in 2017 has exposed US markets to global competition.  LNG exports rose from less than 1% of US consumption in 2017 to almost 8% in 2020 and a little under 12% in 2021.  LNG export capacity is scheduled to increase considerably throughout the 2020s.  Hence US consumers now must compete for supply with consumers from all over the world.

2021/2022 Price Spike 
Roughly 80% of oil & gas industry revenue comes from oil and the balance is from NG.  Hence changes in oil prices drive changes in industry activity.  The oil price collapse in 2015 led to a big reduction in revenue.  This reduction combined with investors growing demands for a return on their investments led to a big reduction in exploration spending.  In 2022, the exploration and production (E&P) industry increased capital spending for the first time in 4 years.  However, it takes considerable time for an increase in E&P spending to generate an increase in usable fuel if the infrastructure is constrained.
A mild 2019/20 winter combined with the global shutdowns in spring 2020 due to Covid triggered a collapse in demand and lower prices.  Figure 9 shows the sharp drop in production in early 2020 due to Covid shutdowns.  Production growth soon resumed and since has risen back to the pre-Covid level.
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The rapid rise in European prices that started in early 2021 is illustrated in Figure 10.  Note that the European increase began long before the Ukrainian invasion triggered embargos on Russian gas imports.  The pre-invasion increases were triggered largely by the increased need of NG for power generation due to failure of wind & solar generation to produce projected electricity and premature shutdowns of coal and nuclear generating plants.  These underlying energy supply problems will persist even if the Russian embargos are ended.  
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Figures 8 and 10 show that prices in both US and European prices have been extremely volatile since 2021.  Massively rising demand for LNG in Europe to offset the loss of pipeline gas from Russia will help keep global LNG prices high, which translates into upward pressure on US NG prices.  In addition, considerable uncertainty over supplies and demand and the dominance of speculators in the markets will ensure a high degree of volatility. 
While prices have risen to levels that most oil & gas companies find attractive, the combination of Biden administration’s hostility toward fossil fuels plus lawsuits by anti-fossil fuel groups are inhibiting expansion of production and the elimination of critical transportation and other infrastructure constraints.  This problem is discussed further below.

II. Summary of Major Historical Market Changes 
Between 1970 and 2020, the natural gas price regime has shifted up twice and down twice.  A third shift up began in 2021.  The dominant factors that led to the past changes were:
1970s Increase – Low Federal NG price caps provided little incentive to increase supply.  Growing demand colliding with limited supplies led to higher prices and fears that we were running out of NG.  Supply disruptions and much higher prices for oil (NG’s main competitor), high inflation rates, and eventual relief of Federal price controls led to rising NG prices.
1980s Decrease – High prices for NG and oil led to a boom in exploration which in turn led to a big increase in supply.  High prices and fear that we were running out of NG led to increased conservation, moratoriums on some new NG uses, and consumers shifting to electricity where possible.  These changes resulted in a large drop in demand.  Reduced demand combined with increased supply led to lower prices.
Mid-1980s & 1990s Low Prices and Industry Evolution – A high level of surplus production capability kept prices down throughout this period.  Regulatory changes led to structural market changes which included: LDCs allowing customers to buy gas from third-party suppliers; splitting pipeline companies into contract carriers and marketing arms; the complete elimination of Federal NG commodity price caps; and the restructuring of electricity markets in some states.  NG consumption began rising again in 1986, but low prices for oil & NG led to major cutbacks in exploration.  The large surplus production capability of the mid-1980s slowly shrank and basically disappeared in 1999.  
2000s Increase – The loss of surplus production capability coincided with structural changes in the NG and electricity industries significantly affected NG demand patterns. Prices started increasing rapidly in 2000 when a cold winter combined with market manipulation by Enron and others led to a shocking price rise.  A big economic downturn and fallout from the market manipulation led to both usage and prices dropping in 2001.  Strong demand in 2003 led to much higher prices that persisted thru 2008.  These high prices were accompanied by high volatility and 3 short spikes due to a cold winter, hurricanes hitting production areas and a big increase in speculation by investment firms and other financial traders.
2009 Price Collapse and 2010s Low Prices – The new technology of directional drilling and fracking in shale fields led to rapidly rising NG production.  Increased production combined with a strong economic downturn led to collapse of an extreme speculation-driven spike in 2008/2009.  High levels of production and investors subsidizing the industry kept prices trending downward for the next 10 years.  However, there were large price fluctuations during this time mainly due to variations in weather and storage levels.  Steady increases in demand prevented a return of the large surplus production capability seen in the 1990s.
2020 – 2022 Increase – Reduced demand due to a mild 2019/20 winter and Covid shutdowns led to usage dropping in 2020 and again in 2021.  Prices declined until summer 2020 at which time they recovered a little.  A big spike in NG prices started in summer 2021.  The rapid rise in NG use for power generation took a breather in 2021 largely because higher prices made coal a more attractive fuel in many cases.  The rapid rise in LNG exports also paused in 2021 but is expected to resume in 2022.  Chaos in European NG markets thanks overambitious carbon reduction efforts and cutoffs of Russian gas has led to strong demand for LNG from the US and other countries. 
NG production recovered to the pre-shutdown level by the end of 2021, but has not increased much beyond that largely due to shortages of workers, obstructionism by the federal government agencies and the ‘net zero’ community, and financial constraints resulting from many years of the industry losing money.

The above changes illustrate a fundamental pattern.  Structural price increases followed periods when low NG prices inhibited expanding production, which led to tight supplies.  Price drops followed large increases in supply which were caused by the elimination of incentive-killing price controls in the 1970s and introduction of shale drilling/fracking technology in the 2000s.  These supply increases were a prerequisite for price declines, which were triggered by economic downturns.

III. What Will Drive Future NG Price
History clearly shows that weather, NG production level, government actions, economic downturns and growing demand for power generation and exports have significant effects on NG prices.  This section looks at how these and other factors will affect future prices.
Weather
There are 4 weather factors that affect prices: winter heating load, extreme cold affecting demand and supply, summer cooling load and disruptions due to hurricanes.  
· On a national basis, winter heating accounted for around 20% of total NG consumption in the early 2000s.  While total usage for space heating has been fairly stable for the last few decades, its share of total usage is down to around 14% due to the increases in power generation, industrial and export usage.  Figure 5 above shows how much winter heating load can vary from year to year.  Fluctuations in heating loads (both expected and actual) typically have big effects on NG prices.
· Extreme cold causes a double problem for NG: supply is reduced due to well freezing while demand spikes due to increased heating and power generation loads.  The Polar Vortex that affected northern states in Feb 2014 and the freeze the hit Texas in Feb 2021 vividly demonstrated this problem.  Extreme cold events like these lead to short-duration price spikes for both NG and electricity.  In addition, they tend to lead to suppliers charging higher risk premiums for the next few years.
· Summer cooling load has become an important issue as NG’s share of electricity generation has increased.  A hotter than average summer results in more gas being burned for power and a slower refill of storage for the coming winter. 
· Before the rise of shale, hurricanes in the Gulf of Mexico (GOM) reduced NG production and often led to significant price increases. Katrina & Rita in 2005 were the most extreme example.   Now that the offshore Gulf production has dropped from one-fourth of domestic supply to less than 4%, hurricanes in the GOM have little effect on total production.  In recent years, hurricanes often have led to short-term drops in NG prices due to the reduction in demand caused by hurricane damage.  Note that most of the LNG export infrastructure is concentrated on the Gulf coast (18 of 23 existing, under construction or FERC-approved facilities) and half of domestic production is in states bordering the GOM.  Looking forward, hurricanes that strike Texas or Louisiana could strongly affect both NG production and LNG exports.  The net effect probably will vary considerably depending on exactly where the hurricane hits.

Natural Gas Storage Levels
The effect that winter weather forecasts have on NG price varies depending on how much gas is in storage.  Between 2012 and 2017 there was a strong correlation between price and how far storage was above or below the prior year level.  The wholesale price dropped below $3.00/MMBtu when storage levels were far above the prior year level and rose above $4.00/MMBtu when storage was well below the level a year earlier.  The mathematical correlation broke down in early 2018 as prices stayed low while storage was much lower than a year earlier.  Storage level still has a big effect on near-term prices, but increased volatility makes it is doubtful we will see a resumption of the high degree of correlation that existed in 2012 thru 2017.
The combination of storage level and weather (both forecast and actual) has a big effect on prices.  For example, at the beginning of 2022 the price for NG to be delivered in mid-winter 2023 (Jan & Feb) was running around $4/MMBtu.  We ended winter 2021/22 with storage at the bottom of the 5-year range and it stayed there throughout the summer.  This led to the price for winter 2023 delivery rising to over $9/MMBtu at the beginning of Sept.  Mild weather combined with continued strong production and reduced LNG exports led to the price falling to around $6/MMBtu at the beginning of November.  The recent downward trend in price could reverse quickly when colder weather is forecast and the Freeport LNG terminal comes back online (expected in late Nov).
The other important storage dynamic is the NG storage report that is issued by DOE every Thursday morning.  Traders eagerly await this report and a large difference from expectations can trigger a quick significant move in near-term prices.

Natural Gas Production Levels
Shale now accounts for approximately 70% of US NG production so what happens with shale is the primary determinant of total production level.   Unfortunately, production drops rapidly in new shale wells.  With current technology, production declines by around 80% over the first 2 years.  This means that aggressive drilling and development programs are needed to simply keep total production stable.  Investors poured huge amounts of funds into the shale industry in the first several years of the boom.  This enabled firms to expand production even while they were losing money.  However, available funding now is much tighter as investors are not willing to continue losing money.   
NG production dropped at the start of the Covid pandemic shutdowns (see Figure 9), but since has recovered to slightly above the pre-Covid level.  However, the industry now is facing a situation that will constrain production. Prior to 2020 the industry accumulated a large inventory of drilled but uncompleted wells (DUCs; these are wells that have been drilled but not yet fracked).  The recovery of NG production was made possible by completing development of the DUCs, but this also led to a bid drop in the DUC inventory.  
Figure 11 shows how drilling for NG dropped dramatically from the start of 2019 through mid-2020.  Note that the oil drilling rig count drop was even more severe than the NG decline – it fell around 80% from the early 2019 level and since has recovered to around two-thirds of the prior level.  Drilling for both oil and NG has recovered considerably since then but shortages of workers and equipment, government obstructionism (see next section), plus the need to demonstrate profitable operation are hampering further increases.  
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Depleting the DUC inventory without resuming an aggressive drilling program will quickly lead to falling production.  The industry will need to greatly expand drilling and development efforts to maintain current NG production, much less expand it.  The big question is: Are shale developers able and willing to invest the resources needed to increase production to meet growing demand? 
In the US NG sales are around one-fifth of oil sales.  Hence oil is the top priority of the oil & gas industry. Oil prices have a major effect on industry economics and hence willingness to invest in exploration.  High oil prices are stimulating more oil drilling which will result in higher associated gas production.  However, the relative prices of oil & NG prices are a big factor in deciding whether to drill in oil-rich zones or NG-rich zones.   
Note that globally, proven reserves[footnoteRef:2] of NG are roughly 50 times current annual consumption (per Worldometer; data from BP Statistical Review of World Energy & US DOE EIA).  Current high prices and political problems will stimulate exploration and production of additional gas.  However, much of the new production will be liquified for transport to consumers.  The high cost of liquefaction, shipping & regassification will make much of the new production inherently expensive. [2:  NG proven reserves are estimates of gas in fields that are in production or have been discovered and evaluated.  NG resources (sometimes called potential reserves) are geologists estimates of how much gas may be recoverable based on underground formations.] 


Government & Environmentalist Opposition to Fossil Fuels
Many Oil & Gas industry sources are reluctant to increase exploration given the hostility of the government and ‘green’ community toward fossil fuels.  One of the best examples of this hostility is that the current Administration leased only 126,000 acres of public land for oil & gas exploration in its first year and a half.  This is the smallest amount since 1946 – 75 years ago.  Every administration since Nixon had leased at least 4.4 million acres by a similar time in their term.  Another critical problem is the investment community’s refusal to finance hydrocarbon projection.  A good example of this problems is the boycott is the Glasgow Financial Alliance for Net Zero, which is a global network of 500 bankers representing $150 trillion in assets.
Reform of the pipeline and powerline permitting processes also is long overdue. Increased transportation capacity is needed to meet growing peak demand for NG in many parts of the country.  However, a backlog of clean energy power transmission lines and gas pipelines are entangled in a host of federal and state environmental reviews and a steady stream of lawsuits that delay approvals and construction.  Resolving these delays is taking years and wasting billions of dollars.  Insufficient capacity to handle peak loads in constrained areas during weather extremes leads to price spikes and possibly curtailments of electricity or natural gas.
A massive problem not being discussed or even considered by the anti-fossil fuel crowd is what alternatives should we use?  This community needs to develop technologically and economically feasible alternatives before demanding that we stop using fossil fuels.  The main alternatives identified so far are wind and solar but, as discussed below, these can only satisfy a small share of our energy needs.  Energy is the fundamental commodity on which all life and activity depends.  Advocating eliminating our current main source of energy without having any alternatives to take its place is effectively advocating the collapse of modern society.



Exports and Imports
LNG exports: Prior to 2017, US NG trade was primarily limited to pipeline transport with Canada and Mexico.  LNG exports will be a large share of total NG demand for the foreseeable future.  This means that US prices will be affected by global prices.
LNG exports rose from less than 1% of US consumption in 2016 to 11.8% in 2021.  Total 2022 exports should be around 10% higher than 2021 (even with the 20% capacity loss from June to Nov 2022 due to an explosion at the Freeport plant).  For the near future, European shortages and high prices create extreme pressure to increase LNG exports to that region.
At present (fall 2022), there are 4 operating LNG export facilities, 2 under construction, 13 approved by FERC and 4 proposed facilities being considered by FERC.  It is uncertain how many of the approved facilities will be built.  Nevertheless, liquefaction/export capacity is expected to increase from 14 Bcf/day at the end of 2021 to 15.9 at the end of 2022, around 20 by the end of 2025 and around 30 by 2030.  
Current US NG production is around 97 Bcf/day with 11 of that going to LNG exports.  Doubling LNG exports (or more) while simultaneously meeting rapidly rising US demand (primarily for power generation) will be possible only if domestic production increases dramatically.  Producers want to see persistent higher prices and a better political climate before they will be willing to invest the resources need to greatly increase production. In addition, we need to end opposition to building critical pipelines that are needed to get clean NG to consumers.
Note that US LNG exporters will face significant competition from other countries.  It is estimated that global NG reserves could supply global needs for over 50 years, but more liquefaction, transportation and regasification capacity will be needed to get NG to consumers. Qatar and Australia already have large LNG export capability and a few other countries are developing facilities
Exports to Mexico:  These equaled 1% – 2% of US consumption in 2002 thru 2011 but since have risen to around 6% of US consumption.  This volume is likely to remain at that level or increase in coming years.  While the main export focus is on LNG, Mexican exports (currently around half of LNG exports) will be significant for the foreseeable future and should not be ignored.
Canadian Imports: Our main source of NG imports is Canada.  Net imports from Canada were around 5% of consumption in the 1970s, rose to an average of 15% for 1998 thru 2007 and since have dropped back to 5% - 6% of consumption.   Given the Canadian government’s strong hostility toward fossil fuels, it appears unlikely Canada will significantly increase oil or NG production in the near future.  Canada does not yet have any active LNG export terminals, but development efforts are underway.  Hence it appears unlikely Canada will be able to significantly increase exports to the US.

Power Generation Changes
NG’s share of electricity generated has risen from 17% to 38% in the last 20 years.  During this time, non-hydro renewables (mainly wind, solar, biomass) have risen from 2% to almost 14% of electricity produced.  Renewable energy’s (RE’s) growth has been at the expense of coal, which dropped from 51% to 22%.   Nuclear generation has been fairly stable, but its share has dropped from 21% to 19% due to the increase in total generation.
A common source of confusion is the difference between how much generating capacity (measured in megawatts) is installed and how much electricity (measured in megawatt-hours) actually is generated.  Figure 12 illustrates this difference.  Solar generating systems equal 8.7% of US utility-scale generating capacity, but only 3.9% of the electricity generated in 2021.  Wind did better than solar with capacity at 11% and electricity produced at 9%.  In contrast, nuclear was 8% of capacity and 19% of electricity produced.  This difference is due to the fact that solar and wind generate power only when the resource is available while nuclear plants typically operate at near 100% of capacity over 90% of the time. 
 [image: ]
Electric utilities rely on dispatchable generating units to ensure the reliability of the grid. Dispatchable means output of the plant can be ramped up or down as needed to match the load on the grid.  Solar and wind are not dispatchable – their output is fed into the grid when available.  As the share of solar and wind generation resources on the grid increases, dispatchable power plants must be ramped up and down more frequently and to a greater extent.  Ramping stresses power plants which increases maintenance requirements and may shorten life.  
Electricity storage equipment is needed to balance daily swings in solar output and unpredictable variations in wind generation.  However, storage capacity sufficient to handle the multi-day wind and solar resource lulls that occasionally occur is far too expensive to be practical.  More aggressive demand response programs (i.e., paying customers to reduce demand and/or run onsite generate when the grid is stressed) would help, but achieving major demand cutbacks thru DR is difficult and expensive.  
System costs that rise as the share of wind and solar capacity on the grid increases include:
· Electricity storage (primarily batteries & pumped hydro)
· Higher maintenance & shortened life of conventional power plants
· Demand response program costs
· Additional backup generators that are used only rarely
It is a well-known fact that these costs increase rapidly as share of wind and solar generation on the grid increases.   In addition, the ‘learning curve’ reduction in the cost of wind and solar generators will be offset by the fact that the most cost-effective sites are developed first and government subsidies eventually will end.  The bottom line is that we will need to limit the amount of wind and solar capacity if we want an electric grid with the reliability essential to life in this country at a cost we can afford.  
For the last several years the green community has ignored the economic and reliability limits of wind and solar in their push to eliminate fossil fuel usage.  The European Union started down this path several years ago when they began a major carbon reduction plan.  They currently are receiving a major reality check on how serious these limits are.  As shown in Figure 10, severe financial problems began well before the reductions in Russian natural gas made the situation worse.  Extreme cost spikes and business shutdowns already are hitting Europe.  The situation will get worse if they experience a cold winter, which would mean even higher prices and possible heating fuel shortages. Note that wholesale prices dropped in late Oct 2022 due to a warm weather spell and a glut of LNG tankers waiting to discharge gas into a constrained system.  However, this relief is not translating into lower retail prices. Also, the lower prices are almost certain to evaporate as soon as cold weather returns.  
The recent shocks in global markets clearly demonstrate the importance of coal, nuclear and natural gas generation for ensuring power supply reliability and reasonable cost.  Realists must recognize that a transition from fossil fuels to renewable sources will take a very long time and would require a major restructuring of society.  Europe is providing a clear case study of the economic and social problems that result from failure to accommodate the limitations of wind and solar generation.  It appears environmental extremists in the US are refusing to accept the limitations of solar & wind generation and are committed to ensuring the European problem are repeated here.  
If US environmentalists succeed is duplicating the European experience of shutting down coal and nuclear plants before feasible alternatives are developed, we will see a similar huge increase in the price of NG due to growing power generation demand.

Natural Gas Usage Increase Due to Electrification
There is a popular delusion that electric vehicles and electrifying home heating and cooking will reduce energy use and carbon emissions. This is tied to the popular delusion that renewable sources soon will be able to substitute for most of our oil, natural gas and coal usage.  The reality is that cost and reliability constraints most likely will prevent renewable energy’s share of electricity produced to increase dramatically from current levels in the foreseeable future.  
Figure 13 shows how slow the growth electricity from renewable energy has been in the US. In the last 10 years, wind + solar generation has grown from around 3% to around 12% of utility-scale generation.  Other renewables (mostly biomass) have been roughly constant at a little under 2%.  Coal + NG accounted for 60% of generation in 2021.  Increasing cost, resource availability limitations and the grid reliability concerns noted above probably will reduce the rate of RE penetration in coming years.  Hence, electric vehicles and electrified residences will remain largely powered by fossil fuels for the foreseeable future.
[image: ]
Electric vehicles:  Oil is the predominant fuel for automobiles, trucks, trains, aircraft and ships throughout the world.  In fact, gasoline and diesel fuel account for 25% of all the energy consumed in the US.  Switching to EVs will shift much of that oil usage to natural gas and coal.  As noted above, 60% of US electricity is produced from NG or coal.  Energy losses in generation and in the electric grid mean that only about 30% of the energy in the fuel reaches the electric plug.  Claims that EVs are more efficient than gasoline powered vehicles ignore the losses in producing, transmitting and distributing the electricity they consume.
Increased use of EVs will lead to higher CO2 emissions from generating the electricity they consume.  In addition, they will lead to increased environmental damage from mining the lithium, nickel, cobalt, manganese, copper and other materials needed to fabricate these vehicles plus the necessary charging equipment.  While expanded use of EVs definitely will increase demand for natural gas, there are too many variables to estimate their potential impact on NG prices at this time. 
Residential NG hookup moratoriums:  Some jurisdictions have started banning use of natural gas in new construction.  This is another misguided effort that is unlikely to reduce fossil fuel use or emissions.  The main residential uses of NG are water and space heating.  Average efficiency of NG water heaters is around 80%.  Given that only around 30% of the energy in the power plant fuel makes it to your meter and 38% of electricity is NG fired, the amount of NG burned in the power plant is about the same as what would have been burned if the NG was used directly in the water heater.  However, additional large amounts of coal and nuclear fuel will also be consumed in generating all the electricity needed to meet water heating needs.  
The case for justifying electric space heating rather than NG furnaces is more complex.  Heat pumps normally would be used in place of NG furnaces and heat pump performance varies by climate (lower in the cold north and higher in the warm south).  A moderate efficiency new NG furnace would be at least 90% efficient while a comparable heat pump would have a heating seasonal performance factor (HSPF[footnoteRef:3]) of a little over 10.  On a national average, the amount of fuel consumed by a new NG furnace would be close to the amount consumed in generating the electricity to power a new heat pump.  Hence the heat pump would consume less NG, but the difference would be made up by coal, nuclear fuel, and some renewable energy.  [3:  HSPF is the seasonal average of Btu of heat delivered per watt-hour of electricity consumed based on weather in climate zone 4.] 


Strength of the Economy 
An economic downturn will depress demand for NG and will tend to depress prices.  This effect was apparent in the 2001 and 2008/09 recessions.  At present, most analysts and commentators believe there is a high probability the mild recession that began earlier in 2022 will get worse in late 2022 or in 2023.  Note that we saw large NG price runups immediately before the 2001 and 2008/09 recessions, with prices falling as the downturn strengthened.  Prices have runup again in the last year.  Hence there is room for a significant drop if we have a strong recession and NG production remains high enough to satisfy the remaining demand.

Financial and Social/Political Disruptions
Energy suppliers need to hedge their physical commitments to protect themselves from unexpected price swings.  However, exchanges typically require companies to provide extra collateral to guarantee trading positions when prices rise sharply (‘margin calls’).  If the trader cannot supply the required collateral, the exchange can liquidate their positions, potentially generating huge losses and bankruptcies.  If enough large players are affected, the problem could cascade into a market meltdown.
The huge 2021 European natural gas & electricity price spikes combined with shortages due to the 2022 Russian gas embargos are creating big problems in their energy markets.  Extremely high retail prices and possible shortages this winter have generated discontent throughout Europe.  Many consumers will be unable or unwilling to pay their energy bills this winter.  Shortages of heating fuel and food, high prices for what is available, and rising unemployment due to businesses being forced to shut down are certain to generate social unrest. 
Some major European suppliers are being bailed out or nationalized and officials are discussing suspending electricity derivatives markets (i.e., futures and options) to prevent a potential market meltdown.  The chaos in European energy markets already has led to big shifts in global markets.  Severe problems in European NG markets would generate major problems in energy markets around the globe.
One of the more negative potential scenarios is a major debt crisis that triggers massive financial system disruptions.  Debt levels around the world are grossly excessive and unstainable, but still increasing rapidly.  For example, current US Federal Government debt equals around $93,000 for every man, woman and child in the US and it is growing by over $3,000 per year. Major financial problems are inevitable when people finally accept the need to deal with massive debts that cannot be repaid.
The ‘cascading market failures’ may be a low probability event, but its implications for US markets should not be ignored.  If financial system is seriously disrupted, we are likely to see higher NG prices and possibly sporadic supply interruptions.

Inflation 
Rapidly rising energy prices were one of the factors that recently drove general inflation rate to levels not seen since the early 1980s.  Inflation can be driven by either increases in the cost of products or by increased demand for products.  The current inflation has been driven by both – higher production costs (largely due to supply chain disruptions caused by Covid shutdowns) and higher demand levels (thanks largely to the Federal Government flooding the country with cash ‘printed’ by the Federal Reserve). General price inflation will increase the cost of finding and producing NG which will drive up its prices.  
As noted above, government debt has reached the point where it is too large to ever be repaid.  There are only 2 ways to get the debt back under control – default or inflate it away.  Default would be extremely disruptive and politically painful.  Hence it is more likely that governments will try to eliminate the debt by inflating it away. 

IV. Conclusions
We are 1 year into the latest period of high prices.  The last period of persistent high prices last about 7 years and ended in 2008. What the future holds is unknown, but we can draw some conclusions based on the current situation and experiences of the last 50 years:
· Natural gas prices will be highly volatile for the foreseeable future. 
· Financial speculators operating computerized trading programs will continue to be the dominant price-setting players.  Supply and demand fundamentals generally should guide the direction of price movement, but the speed and extent of price changes will continue to be driven by pre-programmed algorithms, news headlines and investment fads.
· LNG export capacity has risen to levels where international prices will have a growing influence on US natural gas prices.
· High European prices and efforts to switch from Russian gas to other sources will put upward pressure on US prices at least until after sanctions are dropped.  Possible repair of the sabotaged Nordstream pipelines will be a factor in determining future European LNG demand. 
· Global natural gas reserves are large and global production should increase significantly in the next several years.  However, much of the new production will need to be converted to LNG for shipping to consumers.  The high cost of liquefaction, shipping and regassification make LNG inherently expensive, which will help support US NG prices.
· US prices will remain high as long as the supply/demand balance is tight.  A large structural decrease in demand and/or a large increase in supply will be needed to bring prices down significantly for an extended period. 
· Big supply increases were critical factors behind the 2 prior structural price declines, but there are no technologies or resources under development that could yield comparable increases in low-cost NG supply within the next few years.  
· A major economic downturn would depress demand and lead to lower prices provided production remains strong.  The US was technically is recession in the first half of 2022 and there is serious concern that the economy could deteriorate further later this year or in 2023.  
· The oil & gas industry will be unable or unwilling to invest the funds needed to significantly increase production unless prices stay high and the US political climate toward fossil fuels improves.
· Exploration and production funding increased in 2022 for the first time in 4 years, but much of this will go to reversing the impact of the multi-year E&P decline. Due to the rapid decline in shale well production, a high level of E&P is needed to simply keep production constant.  
· Major additional investments will be needed to increase production sufficiently to satisfy projected growth of LNG exports and power generation.
· Finance industry boycotts have made it difficult to finance E&P by the private firms that account for roughly 60% of wells being drilled today.  However, attitudes toward investing in the energy sector have improved considerably in late 2022.  Improved investment environment and E&P company management recognition of the importance of generating profits should help eliminate funding constraints. 
· Restrictions imposed by the Biden administration and lawsuits by environmental groups create significant barriers to increasing supply and distributing NG to some areas of the country.  Stopping construction of pipelines needed to get NG to constrained areas will result in energy shortages and price spikes during extreme weather periods. Exploration, processing and distribution obstructionism will restrict supply growth and keep upward pressure on prices.  
· The closing of many coal-fired power plants cut coal’s share of generation from 45% in 2010 to 22% in 2021 while increasing natural gas’ share from 24% to 39%.  This increased the amount of NG used for power generation by over 52%. However, the high price of NG in 2021 reversed this fuel switching trend.  Continued high prices for natural gas and limited supply growth should lead to coal use being stable or increasing.  
· Increased use of electric vehicles shifts load from oil to natural gas and coal, but does not produce large energy use or emissions reductions.  In addition, adding EVs increases pressure on stressed electric grids.
· Modern society is totally dependent on reliable supplies of reasonably priced fossil fuels.  Cutting fossil fuel supplies when no technically or economically viable alternatives are available guarantees higher prices for available fuels and social chaos due to energy shortages.  
· Additional construction of utility-scale wind & solar generation will be constrained by resource availability (both the wind & solar energy and the materials needed to build the collectors and associated equipment), high cost of these systems, and electric grid reliability and operational requirements.
· Industrialized agriculture has made it possible for global population to grow to 8 billion and industrialized agriculture is totally dependent on NG for fertilizer and oil for pesticides and the fuel needed to plant, till, harvest, process and transport food.  
· Wind and solar electricity are not viable substitutes for the liquid fuels used for long-distance transportation of virtually all products in today’s economy.  Oil from crops grown to produce fuel would be renewable substitutes, but massive amounts of land and resources would be needed to produce enough fuel to replace petroleum.
Unfortunately, widespread ignorance of the critical energy and material requirements of the modern world has led to irrational resistance to maintaining reliable energy supplies. We need to eventually transition away from fossil fuels as our dominant energy source.  However, Europe is learning the devastating impact of trying to transition to renewable energy too fast. Yet many Europeans still are resisting reactivating coal plants and delaying nuclear plant shutdowns.  
Most US environmentalists appear to be ignoring what is happening in Europe and the implications for the US.  They will continue trying to force reductions in fossil fuel usage well before feasible alternatives are developed.  These efforts will lead to higher energy prices across the US and periodic shortages and price spikes in constrained areas. A US crisis comparable to the one Europe will face this winter probably will be needed before objectors are willing to accept reality. 
In any event, natural gas is and will remain the preferred transition fuel.  This fact alone will keep demand – and hence price – high for the foreseeable future. 
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