We Need A Plan For The
Transition To Renewable Energy

03-18-2024 ~ Radical societal transformation is
()UI' inevitable; a plan could make a difference between
catastrophe and progress.
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Clean Energy

The transition to renewable energy is inevitable given the current climate crisis
and the fact that fossil fuels are a finite resource. To make the shift, a detailed
plan is required to indicate the first steps and anticipate challenges in allocating
resources and the policies needed to achieve the outcome. Germany has arguably
accomplished more toward the transition to renewable energy than any other
nation, largely because it has such a plan—the “Energiewende,” which seeks a 60
percent reduction in all fossil fuel use by 2050 and a 50 percent reduction in
primary energy use through efficiency in power generation, especially for
buildings and the transport sector.

What follows are some components of a basic plan that can be adapted according
to each country or state and adjusted for contingencies.

Level One: The ‘Easy’ Stuff

The easiest way to kick-start the transition is to switch to solar and wind power
for electricity generation by building lots of panels and turbines, respectively,
while phasing out coal. Distributing generation and storage of these energy
sources (rooftop solar panels with home- or office-scale battery packs) will help.
Replacing natural gas will be harder because gas-fired “peaking” plants are often
used to buffer the intermittency of industrial-scale wind and solar inputs to the
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grid.

Electricity accounted for less than a quarter of all final energy used in the United
States in 2022. Since solar, wind, hydro, and geothermal produce electricity, it
makes sense to electrify even more of our energy usage—heating and cooling
buildings with electric air-source heat pumps and cooking with electric induction
stoves, for example.

Transportation represents a large swath of energy consumption, mostly due to the
growing number of personal cars. As of 2021, there were 250 million gasoline-
fueled automobiles. While we are busy replacing these with electric vehicles, we
can easily and cheaply promote walking, bicycling, and public transit.

Substantial retrofitting is needed for energy efficiency. Building codes should be
strengthened to mandate net-zero or near-net-zero energy performance for new
construction. Zoning codes and development policies should encourage infill
development, multifamily buildings, and clustered mixed-use development. Using
more energy-efficient appliances will also help.

The food system is a significant energy consumer. Increasing the market share of
organic local foods can dramatically lower the amount of fossil fuels used to
manufacture fertilizers as well as in food processing, and in transportation. We
can also sequester enormous amounts of atmospheric carbon in topsoil by
promoting farming and land management practices that build soil rather than
deplete it.

By our calculations, these actions could reduce carbon emissions by 40 percent in
10 to 20 years.

Level Two: The Harder Stuff
Solar and wind technologies provide energy intermittently. When they become
dominant, we must adapt to this with substantial amounts of grid-level energy
storage and a major grid overhaul to get the electricity sector to 80 percent
renewables. We’'ll also need to time our energy usage to coincide with sunlight
and wind energy availability.

The transport sector will require extensive and costly restructuring. Densified
cities and suburbs can be reoriented to public transit, bicycling, and walking. All
motorized human transport can be electric, with more public transit and intercity


https://u36605228.ct.sendgrid.net/ls/click?upn=u001.irwnA1ZB8N-2BHNL3jUmYY-2BJ-2BiPAZJRHzehRiFoox7NI3yctHc-2FZMgAENicvUtO-2FdG-2FxdpLkJZsDxktYX06q6zpYLzPCC6jnxWfnzqT2I-2B6Y1vGHZpZ1hsIfPLZMA0yOU2uybf_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp3-2BIeuF5RqeglBGOHJduhmxgPFBlylZ3nvWLD0z0nLUF87jbIGyJ5MzBdx2YPv93NlA-2BFOKPEpp67Ug4bVME8Srtdu8v-2FLOUMEemj8MnXMUwepDeHyqkEQeh1cM3KTqXnYtpGAn2MqcSFmxMxPYAJWaZoJf-2F8NRc-2BGGjoKujLLfGFD48MKkFJK0qNUn6VIPNXXQtDb3t9IZzTMy8t1-2FDQDhvKdByvb5ef8gUP8QyR6j3w-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.irwnA1ZB8N-2BHNL3jUmYY-2BK6ki9wV13ZHo6u9q6FVUDuW23luxhFmxR09dbennYlqPR07ZsNNy-2FwxdyvcwhIxTVH-2FwI-2FvrV15iKfluYIezDX5bJIo-2F9zE68gmXfmCzNUFvEqrkVTmRn4aUqGNpHtT6TtnNvFB2zScIzneNfcATr8y-2Bhv3F-2BYHVsaqL5B1vCbhP6n7TmCgDG-2BZqsQxlSZur-2FeMXs0SfSZM2bYhA2mhpv5P-2FBrrpw76r2BiZYiUGxP6QWof_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp3-2BIeuF5RqeglBGOHJduhmxtV-2BuO1KraRKrloB4NvSgkwZexWcdTLK98hlGBOILGxqs27Yd7t4CwIwXsiBjY1jUrLVR6eRL4FUJqrt59Ahgh8mGSJE011B0Oa8qQIQUJwbgZBmUTXH9PLM3QO-2Fgo-2BrdZZtYktVOj6KviCFKUGQE2S1ZKd3L4WGCKk2lJPjn6frw7j8J6TZnw3yTmC-2FenD6fquLtFuOy0LSenwe7ba0jzg-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.irwnA1ZB8N-2BHNL3jUmYY-2BK6ki9wV13ZHo6u9q6FVUDuW23luxhFmxR09dbennYlqPR07ZsNNy-2FwxdyvcwhIxTVH-2FwI-2FvrV15iKfluYIezDX5bJIo-2F9zE68gmXfmCzNUFvEqrkVTmRn4aUqGNpHtT6TtnNvFB2zScIzneNfcATr8y-2Bhv3F-2BYHVsaqL5B1vCbhP6n7TmCgDG-2BZqsQxlSZur-2FeMXs0SfSZM2bYhA2mhpv5P-2FBrrpw76r2BiZYiUGxP6QWof_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp3-2BIeuF5RqeglBGOHJduhmxtV-2BuO1KraRKrloB4NvSgkwZexWcdTLK98hlGBOILGxqs27Yd7t4CwIwXsiBjY1jUrLVR6eRL4FUJqrt59Ahgh8mGSJE011B0Oa8qQIQUJwbgZBmUTXH9PLM3QO-2Fgo-2BrdZZtYktVOj6KviCFKUGQE2S1ZKd3L4WGCKk2lJPjn6frw7j8J6TZnw3yTmC-2FenD6fquLtFuOy0LSenwe7ba0jzg-3D-3D

passenger rail links. Heavy trucks could run on fuel cells, but it would be better to
minimize trucking by expanding freight rail. Sails would increase the fuel
efficiency of shipping, but relocalization or deglobalization of manufacturing
would be a necessary co-strategy to reduce the need for shipping.

Although much of the manufacturing sector runs on electricity, many raw
materials used during the manufacturing processes either are fossil fuels or
require fossil fuels for mining or transformation. By replacing fossil fuel-based
materials and by increasing the recycling of nonrenewable materials, we can
reduce dependency on mining.

If we do all this and build far more solar panels and wind turbines, we could, by
our calculations, achieve roughly an 80 percent reduction in emissions.

Level Three: The Really Hard Stuff

Eliminating the last 20 percent of our current fossil fuel consumption will take
even more time, research, investment, and behavioral adaptation. One example is
that we currently use enormous amounts of cement in construction with concrete.
Cement-making needs high heat, which could theoretically be supplied by
sunlight, electricity, or hydrogen—but only with a complete redesign of the
process.

This is the time to make all food production organic and to ensure that agriculture
builds topsoil. Eliminating all fossil fuels will entail redesigning food systems to
minimize processing, packaging, and transport.

The communications sector—which uses mining and high-heat processes to
produce phones, computers, servers, wires, photo-optic cables, cell towers, and
more—presents a challenge. The only good long-term solution here is to make
devices that last and then repair, fully recycle, and remanufacture them only
when absolutely needed. The internet could be maintained via low-tech,
asynchronous networks now being pioneered in poor nations, using relatively
little power.

In the transport sector, scrapping petroleum will require costly substitutes (fuel
cells or biofuels). Global trade will inevitably shrink. With no ready substitute for
aviation fuels, we may have to relegate aviation to a specialty transport mode.
Planes running on hydrogen or biofuels are an expensive possibility, as are
dirigibles filled with (nonrenewable) helium.
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On land, paving and repairing roads without oil-based asphalt is possible, though
it will require a complete redesign of processes and equipment.

If we can do all this, we can get beyond zero carbon emissions; with carbon
sequestration in soils and forests, we could reduce atmospheric carbon each year.

Scale Is the Biggest Challenge

It is possible to design a renewable energy system that 1) has minimal
environmental impacts, 2) is reliable, and 3) is affordable—as long as relatively
modest amounts of energy are needed. Once current U.S. scales of energy
production and usage are assumed, something has to give.

We sacrifice the environment (due to the vast tracts of land needed for siting wind
turbines and solar panels) for the purposes of reliability (because solar and wind
are intermittent) and affordability (because of the need for storage or capacity
redundancy).

Power is another hurdle: massive ships and airplanes require energy-dense fuels.
Renewable energy resources can supply the needed power, but scale is crucial.
While building and operating a few hydrogen-powered airplanes for specialized
purposes would be technically feasible, operating fleets of thousands of
commercial planes with hydrogen fuel is daunting from both a technical and
economic perspective.

It’s Not All About Solar and Wind

Solar and wind are the favored energy sources of the future; equipment prices are
falling, the rate of installation continues to be high, and there is considerable
potential for further growth. However, their inherent intermittency will pose
increasing challenges as they become more dominant. Other renewable energy
sources—hydropower, geothermal, and biomass—can more readily supply
controllable baseload power, but these sources have much less opportunity for
growth owing to limits on siting, geology, and supply.

Hopes for high levels of wind and solar energy supply are driven mainly by the
assumption that industrial societies can and should maintain very high levels of
energy use. The challenge is always scale: If energy usage in the United States
could be scaled back significantly (70 to 90 percent), then a reliable all-renewable
energy regime would become much easier to envision and cheaper to engineer.



We Must Adapt to Less Energy

Considering the speed and scale of emission reductions required to avert climate
catastrophe, people in industrialized countries will have less energy than they are
used to consuming.

Despite our understandable wish to maintain current levels of comfort and
convenience, it’s worth keeping an ecological footprint analysis in mind.

According to calculations by the Global Footprint Network, the productive land
and water available to each person on Earth to live sustainably in 2019 was 1.6
global hectares. Meanwhile, the per capita ecological footprint of the United
States was 8.1 global hectares per capita in 2018 (if the entire world population
lived at this footprint, it would require five planet Earths).

Clearly, we should aim for a sustainable energy and material consumption level,
which, on average, is significantly lower than at present. If we don’t achieve this,
we will eventually be caught short, with significant economic and political fallout.

What should we do to prepare for energy reduction? Look to California as a
model: Since the 1970s, its economy has grown while its per capita electricity
demand has not. The state has encouraged cooperation between research
institutions, manufacturers, utilities, and regulators to determine how to keep
demand from growing by changing how electricity is used.

Consumerism Is a Problem, Not a Solution

Conservation beats consumption in the dawning post-fossil fuel era. If it becomes
more difficult and costly to produce and distribute goods, people will have to use
them longer and repurpose, remanufacture, and recycle them wherever possible.
The switch from consumerism to conservation will transform America’s culture,
economy, and government policy.

The renewable economy will likely be slower and more local. Economic growth
may reverse itself as per capita consumption shrinks. If we are to avert a financial
crash, we may need a different economic organizing principle. In her 2014 book
on climate change, This Changes Everything, Naomi Klein asks whether
capitalism can be preserved in the era of climate change. Although it probably
can, in the absence of overall growth, profits for a few will have to come at a cost
to everyone else, a situation we have seen in the years since the financial crash of
2008.
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Population Growth Makes Everything Harder

Population is a climate and energy issue. If energy and materials are likely to
dwindle in the decades ahead, population growth will mean even less
consumption per capita. On a net basis (births minus deaths), we are gaining 83
million humans each year—according to a 2017 UN report—an unprecedented
number, even if the percentage rate of growth is slowing.

Policymakers can help reduce the population by promoting family planning, public
persuasion, raising the educational level of poor women, and giving women
complete control over their reproductive rights. (For detailed recommendations,
consult population organizations such as Population Institute and Population
Media Center.)

Fossil Fuels Are Too Valuable to Allocate Solely Based on Market Forces

For non-energy purposes, industrial societies will need fossil fuels for some
applications until the final stages of the energy transition—and possibly beyond.
Crucially, we need fossil fuels for industrial processes and transportation to build
and install renewable energy systems. We also need them for agriculture,
manufacturing, and general transportation until robust renewable energy-based
technologies are available. This poses several problems.

As the best of our remaining fossil fuels are depleted, we extract and burn ever
lower grade and harder to get coal, oil, and natural gas. Virtually all new
production prospects involve tight oil, tar sands, ultraheavy oil, deepwater oil, or
Arctic oil—all of which entail high production costs and high environmental risk
compared to conventional oil found and produced during the 20th century.

Refining heavier, dirtier fuels (in the case of tar sands) creates ever more co-
pollutants, with disproportionate health impacts and burden on low-income
communities. The fact that the fossil fuel industry will require ever-increasing
levels of investment per unit of energy yielded has gloomy implications for the
energy transition: the deteriorating fossil fuel sector will need a large chunk of
society’s available capital to maintain current services, just as the build-out of
renewables will require even more capital.

The danger is that fossil fuels will become so costly we’ll no longer be able to
afford the transition project.

But we cannot accelerate the transition too much. Rushing the transition will


https://u36605228.ct.sendgrid.net/ls/click?upn=u001.irwnA1ZB8N-2BHNL3jUmYY-2BEHEpzs0Je178J-2Fg-2BvCoFJbSO6IS4N-2FuEYdgt2ajIb6vCmIR-2Fj0E6Xx3sPh7bKUNBnaAh-2F8aJJcqDsciWJyqrOHHp-2BPHv1zui8gZSzBHlKSA5-2BrOCH-2FFfaCaNBk36ZyEbA-3D-3DAxlr_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp2WIWdXJRawxktuLx3tBa27REfqUQD6nlqtjyWhSb10UMFd5d1G4Cjlt2ccKwMNrZ-2FJhFEY60O9m-2B-2F4jhebU4bN-2BBGUzsHNZa9aSj427Gt5L2dE38B10lC7ZfD4oBHm2s7UVbctg8YAejrByX7oyxd0hG3qECM7DeW4bVtNg2WqJcTUibhnXCE7B13FMyuSgy4tsSHTRnsVtwlCCrKlDI7A7AJUB5tI0uAaAIT-2Fb839Sg-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.irwnA1ZB8N-2BHNL3jUmYY-2BEHEpzs0Je178J-2Fg-2BvCoFJbSO6IS4N-2FuEYdgt2ajIb6vCmIR-2Fj0E6Xx3sPh7bKUNBnaAh-2F8aJJcqDsciWJyqrOHHp-2BPHv1zui8gZSzBHlKSA5-2BrOCH-2FFfaCaNBk36ZyEbA-3D-3DAxlr_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp2WIWdXJRawxktuLx3tBa27REfqUQD6nlqtjyWhSb10UMFd5d1G4Cjlt2ccKwMNrZ-2FJhFEY60O9m-2B-2F4jhebU4bN-2BBGUzsHNZa9aSj427Gt5L2dE38B10lC7ZfD4oBHm2s7UVbctg8YAejrByX7oyxd0hG3qECM7DeW4bVtNg2WqJcTUibhnXCE7B13FMyuSgy4tsSHTRnsVtwlCCrKlDI7A7AJUB5tI0uAaAIT-2Fb839Sg-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.9L9uVW90WBJrLSZHQsrhBo5ZICq6qbuOVM7XVmUdDGhTviMPL3bw4xcIwbM5bHD3XvoT_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp2WIWdXJRawxktuLx3tBa27exEYTEXCV1llgYwcJbVNWwRnAydDm63BxVbeE8aeZ6RULAsGRF0T6gkfaA7XWn1LlWAAW0-2BSZMUcIIonQ1nkAGwx8Iuc1UhJn9z0Dst8OPBQgsIOEB-2FiuRLhYMQbnRbZxhXDUeDjCQY8FuDkW12Nhw9Qu9iCNClxlv3VRfFiQ-2FeePEBK62S85HLH4D-2BmdRtAvP9-2F5KhmX2kYW-2FPjht6z-2FA-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.9L9uVW90WBJrLSZHQsrhBhJx-2FLKeGc0hauAnFA-2BQ4VMB1QAu-2FiBlIYD-2BXpbq6HabwAHC_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp2WIWdXJRawxktuLx3tBa274oYiQ4gbQGGUgWooqU7UjVDEz5f0BVw-2B8zseOjje2oa4xjInm9dMQjCjJdNZmvq8lTDO-2FKfVwmu0x2K8e0XUhL-2F9ojrFI3TJLWhilPAjt6RuMKxREe6gasgoEWUOYxgMhyoRleljAYT0J5Kyx8q-2FkvWjX4KYp6KvCFpFuIClcBoybUFAiUIW7ynNpO9V1y-2F7MCjkuyD8hLJDZEtSVhnAow-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.9L9uVW90WBJrLSZHQsrhBhJx-2FLKeGc0hauAnFA-2BQ4VMB1QAu-2FiBlIYD-2BXpbq6HabwAHC_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp2WIWdXJRawxktuLx3tBa274oYiQ4gbQGGUgWooqU7UjVDEz5f0BVw-2B8zseOjje2oa4xjInm9dMQjCjJdNZmvq8lTDO-2FKfVwmu0x2K8e0XUhL-2F9ojrFI3TJLWhilPAjt6RuMKxREe6gasgoEWUOYxgMhyoRleljAYT0J5Kyx8q-2FkvWjX4KYp6KvCFpFuIClcBoybUFAiUIW7ynNpO9V1y-2F7MCjkuyD8hLJDZEtSVhnAow-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.irwnA1ZB8N-2BHNL3jUmYY-2BKM-2Blr8K87ARQP0vJS4nsTBegB1BpP6IVbXfXrcJ7lsLPEbEXoUID6pNiqsCTlFlZA-3D-3Dtn2W_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp2WIWdXJRawxktuLx3tBa27igUFYvDWPHh-2B5htK2X5y0bNEmzj7JcmtpuHBvlXUPbCvbdJFyK1AJuNWgFn14sqS070RnBjfCNXQfY7E1ZGUpjouUGeVhIEfyc17Dw1g2f8nOPpTDc-2FuWSu-2BOV4nUDKFwXPiFHsCO4znbccK23QUWzVwCIGKbilyJVMF8vjoi3AXVucMYAQXnDhR6P6s0cC-2FBYLFgViMUZ4T8ifEVMv2kw-3D-3D
https://u36605228.ct.sendgrid.net/ls/click?upn=u001.irwnA1ZB8N-2BHNL3jUmYY-2BKM-2Blr8K87ARQP0vJS4nsTBegB1BpP6IVbXfXrcJ7lsLPEbEXoUID6pNiqsCTlFlZA-3D-3Dtn2W_NTfd1z6-2FLsfsfrCw9ZfxeiYx-2BihpdECsklLSWlCcjpNIgQCPyZvj9-2B06hadgXc4woms-2F193gNYmE0KXSwE3G-2BDsF6TlTwuylK-2B-2FMxgzVngN7b7YUwj4fh7aoM2jj2kT0JoxMz3OaKZMH9LzamCJrdw-2BczHVdnulyzlOZRh4F9R3IU-2FH9SBru3-2B6hCvUbcT7OCLWHQpcQR23FGWYkm0q41-2B1PDSGTZm5x2gdj1jqqqWROiVZoFhVTSMiQNCttPLFvm5SmGOBZsGHcuKG0RfYFai7mghyW0S1NFku5oqNKUL9AYUwWBt4SWPjWKpTOZS6HyfBDYbia-2BAtOGTjgI7DDUgXGJFNRO3Al0f6gRw6Lj5T1zaa-2Fllzi38pGMjbiAoWFFMjBSITEwS59X0ErMO97UTgL4m4j2Ia-2FyNotYoY7-2FNM029D8LodKVxTcaMUu-2B5rco7Idc1IICy4UOTjOg-2Fr96KWRezKAOUA8rksr-2B4NBOtJKPBrhOb0-2FkuRssjucmoJHNMwpt1kObYc-2BHfB0VtuonmUMvY9HmCh-2B36KIEydqNLczse9-2BK9AVxcMF-2BcY4lGUTS13oFS0iEnTj3v-2BeJe1K9WSzRPqpR7BZpYZmjQZOdp2WIWdXJRawxktuLx3tBa27igUFYvDWPHh-2B5htK2X5y0bNEmzj7JcmtpuHBvlXUPbCvbdJFyK1AJuNWgFn14sqS070RnBjfCNXQfY7E1ZGUpjouUGeVhIEfyc17Dw1g2f8nOPpTDc-2FuWSu-2BOV4nUDKFwXPiFHsCO4znbccK23QUWzVwCIGKbilyJVMF8vjoi3AXVucMYAQXnDhR6P6s0cC-2FBYLFgViMUZ4T8ifEVMv2kw-3D-3D

mean an overall increase in emissions—unless we reduce other current uses of
fossil fuels. To fuel the transition without increasing overall greenhouse gas
emissions, we may have to deprive some sectors of the economy of fossil fuels
before adequate renewable substitutes are available. This would mean reducing
overall energy consumption and the economic benefits of energy use while taking
care to minimize the impact on already vulnerable and economically
disadvantaged communities.

We are entering a period of fossil fuel triage. Rather than allocating fossil fuels
simply on a market basis (those who pay for them get them), it would be fairer to
find ways to allocate fuels based on the strategic importance of the societal
sectors dependent on them and on the relative ease and timeliness of
transitioning these sectors to renewable substitutes.

Agriculture, for example, might be deemed the highest priority for continued
fossil fuel allocations, with commercial air travel assuming a far lower priority.
Perhaps we need not have just one price on carbon but different prices for
different uses. Not only do we see scant discussion of this prospect in energy
policy literature, but few governments even acknowledge the need for a carbon
budget. The political center of gravity, particularly in the United States, will have
to shift significantly before decision-makers can acknowledge the need for fossil
fuel triage.

As fossil fuels become more costly to extract, there may be an ever greater
temptation to use our available energy and investment capital merely to maintain
existing consumption patterns, putting off any effort to effect the transition. If we
procrastinate too much, we will reap the worst possible outcomes—climate chaos,
a gutted economy, and no way to build a bridge to a renewable energy future.

Everything Is Connected

Throughout the energy transition, great attention will have to be given to the
interdependent linkages and supply chains connecting various sectors
(communications, mining, and transport knit together most of what we do in
industrial societies). Some links in supply chains will be hard to substitute, and
chains can be brittle: a problem with even one link can imperil the entire chain.

Consider, for example, the materials required to manufacture and operate a wind
turbine. The components come from different manufacturing sectors in various



places in the world.

Planning will need to take such interdependencies into account. As every
ecologist knows, you can’t do just one thing.

This Really Changes Everything

Energy transitions change societies from bottom to top and from inside out. From
a public relations standpoint, it may be helpful to give politicians or the public the
impression that life will go on as before while we unplug coal power plants and
plug-in solar panels. Still, the reality will probably be quite different.

During historic energy transitions, economies and political systems underwent
profound metamorphoses. The agricultural revolution and the fossil-fueled
industrial revolution constituted societal watersheds. We are on the cusp of a
transformation that is every bit as decisive.

If the renewable energy transition is successful, we will achieve savings in
ongoing energy expenditures needed for each increment of economic production,
and we may be rewarded with a quality of life that is actually preferable to our
current one.

We will enjoy a much more stable climate and greatly reduced health and
environmental impacts from energy production activities. However, converting to
100 percent renewable energy will not solve other environmental issues such as
deforestation, land degradation, and species extinctions.

Possibly, the most challenging aspect of this transition is its implication for
economic growth. Whereas the cheap, abundant energy of fossil fuels enabled the
development of a consumption-oriented growth economy, renewable energy will
likely be unable to sustain such an economy.

Rather than planning for continued, unending expansion, policymakers must
begin to imagine what a functional post-growth economy could look like. Among
other things, the planned obsolescence of manufactured goods must end in favor
of far more durable products that can be reused, repaired, remanufactured, or
recycled indefinitely.

It seems wise to channel society’s efforts toward no-regrets strategies—efforts
that shift expectations, emphasize quality of life over consumption, and reinforce
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community resilience. Even though it may be impossible to envision the end result
of the renewable energy transition, we must seek to understand its scope and
general direction.

Our descendants will inhabit a renewable world that works differently from ours.
Whether it will be better or worse depends on our current decisions. The sooner
we address the most obvious and pressing decisions (starting with a mandatory
global cap on carbon emissions), the earlier we can anticipate the succeeding
waves of problems and choices.
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