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To e�ectively combat the looming threat of climate change,

there is no doubt that we must dramatically slash carbon

emissions as quickly as possible. Over the last decade, the

renewable energy boom has made signi�cant inroads towards

reducing emissions, and it is evident that their share of the

grid can and must go up. This is something that Third Way

has advocated for since our organization’s inception. But

despite these enormous gains, it is important to be clear-

minded about what renewables can deliver as part of an

a�ordable, reliable, and low-emissions electricity system.

Despite tremendous technological advances in renewable

generation, storage, and transmission, there are still serious

challenges. A large-scale penetration of renewables into the

power grid would require:

1. Signi�cant overbuilding of generation to meet demand;

2. Costly grid upgrades and storage expansion;

3. Storage that might not be available in time; and

4. A huge build-out of transmission infrastructure.
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We must continue to expand the use of renewables. But we

must also recognize their limitations and put equally serious

e�ort and political capital into bringing to scale other low-

carbon technologies.

Renewables are Good, but Not
Good Enough
Throughout our history, Third Way has been a vocal

proponent for renewable energy. We’ve advocated strongly

for greater and more e�ective renewable energy investment,

corrected naysayers who asserted that renewables were not a

viable energy option, and urged the United States to remain

global leaders and innovators for renewable energy

technology. And in these past few years, we have seen

incredible results. The U.S. uses more renewable energy than

ever before, the cost of wind and solar has plummeted, and

there is signi�cant momentum, both in public perception and

private investment, for expanding renewable generation even

further. Renewable energy has become a mature technology.

This is a welcome and positive development, and Third Way

believes that we should continue to rapidly deploy renewable

energy technologies.

But as we discuss in greater detail below, the technical

limitations of renewable energy, coupled with the need for

rapid decarbonization of our energy system to combat

climate change, requires a strong, consistent voice for other,

even more radically innovative carbon reducing technologies.

Wrongly, these technologies have largely been forgotten in

what is too often a simplistic debate between those who are

either for or against renewable energy. 1  Technologies like

conventional and advanced nuclear energy, carbon capture

and storage, waste to energy generation, and innovative

biomass cannot be left behind to pursue the vision of an

energy system powered only by solar panels and wind

turbines.

COP21 shows how much the international community can

achieve to slash emissions. But it also presents us with the

http://www.thirdway.org/report/an-american-kodak-moment
http://www.thirdway.org/memo/correcting-the-record-on-renewable-energy
http://www.thirdway.org/report/creating-a-clean-energy-century


stark reality of how much farther and faster we still need to

go to meet the immediate and massive climate challenge.

Every credible scienti�c agency that has examined the impact

of climate change has found that the planet is warming at an

alarming rate and that we are nearing a tipping point that

could lead to global catastrophe. As one of the largest per

capita GHG emitters in the world and the country with the

most legacy emissions, the U.S. bears an enormous

responsibility for cutting our own emissions and for

developing technologies that can help the rest of the world

do so as well. The electric power sector, which produces 1/3 of

U.S. emissions, is an obvious place to focus, as President

Obama did in 2009 with the Recovery Act and in August 2015

with the Clean Power Plan. Renewable energy technologies,

particularly distributed solar, utility-scale solar, and wind, are

a fundamental part of cutting power sector emissions—we

simply cannot do it without them. And moving to a grid that

is supplied mostly by renewable energy is a very attractive

vision.

But with the stakes this high for the U.S. and the planet, it is

critical that we are clear-eyed about the distinction between a

highly ambitious goal and one that is probably unobtainable

in a timeframe that matters. And while the tremendous

growth of wind and solar is excellent news—over 1,000% in

the last decade—it obscures a key fact: these technologies

started from a very low baseline. 2  Even after all of that

growth, wind and solar still combine to provide only 5% of

U.S. electricity. 3  Though there is great potential for further

growth, even under the Clean Power Plan, renewables are still

projected to hover around 15% of U.S. electricity generation

in 2030. 4



Proportion of generation for respective fuels/technologies in 2013; in 2030
under the EIA’s AEO2015 Reference case; and in 2030 under the Clean Power
Plan using the Reference case as the underlying baseline. Based on EIA data.

This is not an insigni�cant amount, but it is by no means

enough to combat the worst e�ects of climate change,

especially when climate scientists agree that we must cut

global emissions by around 60% by 2050 to stay within the

2°C target. 5  A vision for the U.S. energy future that places our

hopes and e�ort mainly on any one solution, whether it is

renewables, nuclear, or natural gas-only, runs a risk of failure

that we cannot a�ord to take. The most e�ective, and likely,

energy system is one that is a�ordable, reliable, and clean.

The economic and technical realities make it highly unlikely

that a mostly renewables grid can achieve this, let alone do so

in a timeframe that signi�cantly mitigates climate change.

Therefore, it is imperative that we develop and deploy other

non-emitting technologies, because without them it will be

very di�cult to get the emissions reductions we need.

In this paper, we detail the major obstacles that will prevent

us from scaling up to a mostly renewables U.S. grid in the

foreseeable future. We explore the signi�cant technological

and economic barriers to such a grid and suggest a more

feasible and less costly approach to tackle the threat of

dangerous climate change.

The Many Problems of a Mostly
Renewables Grid



While it might be technically possible to build a mostly

renewable electricity system in the U.S., 6  the more pertinent

question is whether it can be done at an a�ordable cost and

realistic timeframe. As leading climate writer Dave Roberts

has noted: “At a certain point, in a given grid system, the cost

of integrating more [renewables] exceeds the bene�ts.” 7

This is a point that the National Renewable Energy Lab

(NREL) echoes in its own research. 8

In fact, almost everything is subject to the law of diminishing

marginal returns—one can binge-watch more Game of

Thrones than is enjoyable or over-water the lawn. However,

there are speci�c features of renewable energy that make it

especially susceptible to this phenomenon. In particular, solar

and wind require massive overbuilding of capacity before they

can reliably supply a signi�cant percentage of electricity on a

grid system. In addition, integrating this wind and solar

capacity into the grid at such high concentrations comes with

its own technical challenges and costs, even when taking into

account battery storage. And lastly, there are issues with

land-use that make a mostly renewables grid less feasible and

less a�ordable.

Scaling-up Requires Significant
Overbuilding
All electricity sources are rated by their “capacity factor”: the

ratio of the actual amount of electricity generated by, say, a

wind turbine or a solar facility, versus the maximum amount

of electricity that the plant theoretically could generate if it

ran continuously and in ideal conditions.

Chart endnotes: 9  10

Because wind and solar are variable—the wind sometimes

doesn’t blow, and nighttime and clouds limit solar—the

capacity factors of these two variable renewable energy



“
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sources (VREs) are extremely low. This is particularly stark

when compared to baseload technologies like zero-emission

nuclear, carbon-intense coal, and natural gas, which emits

half the CO2 of coal. 11  This means that we would need a lot

more wind or solar capacity to provide the same amount of

electricity to the grid as existing baseload sources. 12

Let’s examine, for example, the well-studied goal of

obtaining 20% of U.S. electricity generation from wind power.

(Keep in mind, that’s a pretty low target if we’re going for a

grid that is around 80% VREs). Because wind is not available

all the time, it might have to represent much more than half of

all generation at times in order to reach the 20% annual

average. But there’s another problem: wind energy tends to

be most abundant at night and in the spring and fall, when

demand is low. 13  Reaching the 20% average therefore

becomes harder still. 14

This issue has already arisen in places with a high penetration

of VREs. Take Denmark for example: in 2014, 39% of its

electricity was generated by wind. 15  But how does Denmark

manage this if capacity factor is such a challenge? It is selling

wind energy into a much bigger system that could absorb

excess wind and account for its variability. Put simply,

Denmark is not actually using all of its wind generation. It is

selling wind electricity to neighboring countries when there

is too much and buying electricity from them when there

isn’t enough. Energy expert Roger Andrews explains:

The key to Denmark’s high level of wind penetration

is its location on the Nordic Grid between its larger

neighbors Norway, Sweden and Germany, who

between them generated 26 times as much electricity

as Denmark in 2013. This gives Denmark access to an

additional 5,820 MW of interconnector capacity that it

makes full use of the Nordic Grid, where other

countries provide non-wind/non-renewable energy

when the wind is not blowing in Denmark. 16



”The same thing happens in the U.S. For instance, Iowa is said

to get 28.5% of its electricity from wind and that's true in

terms of markets and accounting: 28.5% of the power

contracts signed by Iowa utilities are with wind generators.

But there is another part to this story. Like Denmark, Iowa is

part of a larger grid system known as the Midcontinent

Independent System Operator (MISO) grid region, which

includes all or part of 13 other states. 17  The MISO grid cannot

be divided into wind electrons and coal electrons. Every load

(user of electricity) on the grid is, physically speaking,

consuming the same mix of energy. Currently, the MISO grid

gets 5.7% of its energy from wind and, thus, so does Iowa.

(Technically, even MISO isn't a whole system, since it is

interconnected to neighboring grids and the larger Eastern

Interconnection). 18

Regardless of the interconnections, the other problem for

VREs is that their low capacity factor means that the

challenge to the grid goes up as their penetration rate

increases. Going back to Denmark, Andrews �nds that

increasing wind capacity to 50% of total capacity does not

mean that Denmark will get 50% of its electricity from wind.

This is because 20% of it would exceed demand during windy

periods and have to be “curtailed” [that is, dumped]. 19  In

fact, to reach 50% wind generation, Andrews found that

Denmark would need to overbuild by nearly 60%, leading to

even more wind power curtailment. 20  Researchers Michael

Milligan and Brendan Kirby published a study coming to the

same conclusion about VREs in the U.S. 21

The problem is equally acute for solar. MIT did an extensive

study in 2015 of solar and concluded that at high levels of

solar penetration, “it will be increasingly necessary to curtail

production from solar facilities.” 22  This is underscored by

the case of Germany, where the oversupply of solar

generation forces electricity producers to curtail extra

production because prices may turn negative. If they didn’t

curtail this extra solar, electricity producers would have to pay

users to take the power. 23  For example, German solar output



surged 83 percent in the �rst three months of 2014, leading

to 55 hours of negative prices where solar had to be

curtailed. 24  That’s a lot of wasted energy.

Because low capacity factor means that waste goes up with

penetration, the problem of adding ever more renewables to

the grid is like squeezing an increasingly dry sponge. You can

always get a little bit more out of it but eventually that extra

squeeze is just not worth the e�ort.

It is Difficult to Maintain Grid
Stability with High Levels of
Renewables
The �ip side of wasting unneeded electricity is producing too

little electricity to meet demand. 25  System operators are

required to meet federal reliability criteria, which usually

means a reserve margin of 15% more power than the load

requires at a given time. More often than not, VREs are

unable to meet this threshold. A study by GE Energy

Consulting and NREL found that in the U.S.’s Western

Interconnect, variable renewables—at maximum peak—can

provide only 55%-60% of the region’s electricity without

risking the stability of the entire system. 26

The problem goes back to capacity factor. In California, for

example, the average wind turbine produces around 28% of

its rated capacity because the wind is so variable. 27  So if you

have to ensure power all the time, you need some serious

back-up from always-available sources. For instance, JP

Morgan analyzed projected energy scenarios in renewable-

heavy California and Germany, assuming 80% of electricity

demand is met by renewables by 2050. Their analysis �nds

that in a renewables heavy grid, there will be substantial

periods of unmet demand that will likely be �lled by natural

gas and coal generation. 28

As David Roberts put it: “Since the output of VRE plants

cannot be predicted with perfect accuracy in day-ahead and

day-of forecasts, grid operators have to keep excess reserve

running just in case.” 29  The issue here is “dispatchable
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capacity”: the amount of power that a systems operator can

order-up to meet demand. That requires continued reliance

on baseload power plants (nuclear, coal, gas). An MIT study

came to the same conclusion in March of 2015 30  and a 2014

study from the UN found the same set of problems as

penetration increases. 31  The threat to grid stability posed by

high VRE penetration was summed-up neatly by a separate

study from UC-Berkeley:

It’s easy to appreciate the dilemma. A grid operator might

want to use more VREs, but their job is to keep the power on

at all times. If you’re in an elevator, an operating room, or an

industrial site when the power goes o�, you will not want to

be told to wait for the wind to start blowing.

This combination of problems relating to VREs’ capacity

factor—escalating wasted electricity when renewables �ood

the grid and grid stability requirements when they aren’t

doing enough—means that to approach an 80% renewables

grid would require a massive overbuilding of both renewable

capacity, storage, and load-switching. That all means that

costs go up signi�cantly for both renewables and back-up

natural gas plants, which provide energy when demand

peaks, as penetration rates increase.

Large-Scale Storage May Not Be
Ready in Time

Federal, state, and provincial governments have

implemented emissions targets and renewables

portfolio standards that are accelerating the pace of

deployment of renewables generation. Even though

progress has been promising, with some grids having

added tens of gigawatts of renewables, the longer

term is murky; electricity grids are beginning to

experience exceptional and challenging events, often

caused by sudden and dramatic changes in

renewables output. 32



So if the principal problem with renewables is their

variability, then perhaps energy storage can smooth out their

supply curves and make them more like baseload power. This

could happen at some point. But more innovation is required

before storing electricity at utility-scale is close to becoming

commercially viable, other than in a limited number of places

using pumped storage. (Water is pumped up a hill at night

using excess baseload power, and it generates hydro power

when it �ows back down during the day to meet peak

demand.)

Can we build batteries bigger and make them feasible grid

solutions anytime soon? Despite the hopeful recent

headlines, that’s not at all clear. Stanford Professor Mark

Jacobson did a study that called for 605,400 MWs of new

storage capacity to transition to an all-renewables portfolio.

That is a lot of power to store—the equivalent of the output

of 600 modern nuclear reactors. U.S. grid storage as of August

2013 was a fraction of that—just 24,600 MWs, and most of

that was pump storage that cannot be readily expanded. We

would need to increase storage capacity nearly 25-fold, using

technology that we don’t yet have. 33

Both policy and technical challenges remain. The electricity

sector is governed by layers of federal, regional, and state law

that makes payments, contracts, and even the deployment of

new technologies very complicated. As a Sandia National

Laboratory report found, federal and state lawmakers and

regulators are trying to incentivize more storage and allow

new �nancing and payment structures that could make

storage more economical. 34  While pump storage is limited

by geography, electrochemical batteries using lithium-ion,

lead acid, or sodium sulfur still need to overcome various

energy density, performance, charging, and cost issues. 35

Even cutting-edge, much discussed battery technology still

pales in comparison to the scope of the challenge. 36  So while

Tesla’s Powerpack is pretty extraordinary by contemporary

standards—it can store the equivalent of 100 standard car

batteries— scaling-up nationally would be rather daunting in



the face of the costs required to get there. For example,

according to a thought experiment by journalist Will Boisvert,

providing power to the entire country for just 34 hours would

require 160 million Powerpacks and would cost $4 trillion for

the Powerpacks alone, not including installation. 37  (A stack

of 4 trillion dollar bills would extend far past the moon.) 38

Granted, this is more than we would need—the entire grid

would be unlikely to lose both wind and sun power all at once.

But whatever the real number we’d have to deploy to be safe,

the amount of storage required to back up a large portion of a

VRE-heavy grid would be enormous.

Massive Investments in Transmission
Would be Needed
On top of all this, a signi�cant challenge is that renewable

resources are not where people live. Areas of the U.S. with

ample wind and solar tend to have few people—think the

plains of Texas, the Montana prairie, and the Nevada desert.

To get the power to the people, we would need new

transmission lines. This could end up costing a tremendous

amount.

The Department of Energy (DOE), NREL, and others have

studied integrating wind as 20% of the electricity system.

(Again, 20% wind is pretty low if we’re shooting for an 80%

VRE grid). 39  The DOE study estimated the cost of expanded

transmission at $23 billion, while a similar study by American

Electric Power (AEP) estimates such a system would require

investments on the order of $60 billion. 40  The even more

recent Joint Coordinated System Plan estimated that

integrating 20% wind into most of the eastern U.S. electricity

system would cost up to $80 billion. 41  Whichever study you

believe, the bottom line is that transmission costs for 20%

wind generation would be incredibly high.

And that’s just for wind power. We’d face similar cost

challenges expanding utility-scale solar in the remote deserts

of the Southwest, home to America’s best solar resources. 42

Supposing that the U.S. met 70% of its electricity demand



through solar by 2050, a study by the National Academies

Press found that this would require an approximate 3,000 GW

of added solar capacity. The study concluded that the market

would not bear the costs of such an expansion and asserted

that the solar plan would require a federal subsidy of $426

billion. 43  That is roughly the initial cost (in 2015 dollars) of

the entire interstate highway system, which is more than

40,000 miles long. 44

But it’s not just cost that blocks the way. Renewables also

take up a lot of room relative to their energy generation

capacity. For instance, the scenario with 70% solar would

cover 46,000 square miles of the Southwest U.S. (the size of

Mississippi) and would need additional space for energy

storage to address variability issues. 45  How does land use for

renewables compare with other forms of generation? Well, to

produce electricity for 1,000 households per year, solar

requires 8.4 acres and wind needs 6 acres, while baseload

nuclear (0.69 acres), coal (0.74 acres), and natural gas (0.39

acres) are an order of magnitude lower. 46  The large amount

of land needed for renewables can raise a variety of local

concerns about the loss of other recreational uses of land,

vistas, and impact on wildlife.

Moreover, new interstate transmission becomes increasingly

di�cult to build when not-in-my-backyard attitudes and

state politics get involved. For a power line to cross 10 states,

each of those states must approve that siting, which, an NREL

study found, can be incredibly complicated and time-

consuming. 47  The American Physical Society (the nation’s

leading group of physicists) came to the same conclusion. 48

Clearly, the problems of transmission and siting are not

technological mysteries. We can envision many more utility-

scale VRE installations and a bigger, modernized national

grid. The problems here are money and time. We don’t have a

lot of the �rst and we are most de�nitely running out of the

second.

An All-In Climate Strategy



We recognize that even with these limitations, renewables

will play a vital role in any climate change mitigation strategy.

Federal programs that help �ght against climate change by

making renewable energy more cost competitive and

accessible are important. 49  And, as we illustrated earlier,

battery storage technology is not currently scalable at an

a�ordable cost, so continued public support for basic R&D is

both constructive and necessary.

But the threat of climate change is far too signi�cant to place

all of our hopes for success on one set of technologies. It is

imperative to expand the national discussion about climate

solutions. While renewables will play a large part in reducing

carbon emissions, the data we have analyzed makes a strong

case that we need an “All-In” climate strategy that embraces

other power generation solutions as well.

This reality contributed to Google’s decision in 2011 to end its

program, known as RE>C, that sought to �gure out how to

get renewables cheaper than coal. As the authors of the

report, Ross Koningstein and David Fork explained, “even if

Google and others had led the way toward a wholesale

adoption of renewable energy, that switch would not have

resulted in signi�cant reductions of carbon dioxide

emissions. Trying to combat climate change exclusively with

today’s renewable energy technologies simply won’t work;

we need a fundamentally di�erent approach.” 50

Moreover, this debate is not con�ned to scaling clean energy

to meet domestic electricity demand; around the world, we

need to meet the needs of a population projected to grow to 9

billion people by 2070 from the 7 billion living today. 51  And

as emerging economies continue to develop, the average

lifestyle will become increasingly energy intensive, requiring

much more energy per capita than today.

To replace all of the nuclear, coal, and natural gas currently

generating electricity around the world in a timeframe

necessary to mitigate climate change would require building

20,000-30,000 GW of new generation by 2030 and over

50,000 by 2050. 52  To put that in perspective, a nuclear plant



produces one GW and costs about $10 billion; we are talking

about producing enough power to match 50,000 of them. The

authors of one aggressive, renewables-only plan assume

costs “on the order of $100 trillion worldwide, over 20 years,

not including transmission.” 53  By way of comparison, the GDP

of the entire world in 2013 was $74 trillion, less than ¾ of the

cost of renewables-only energy.

However, signi�cant carbon emission reductions do not have

to be so costly. For example, in the case of Germany and

California, JP Morgan �nds that a balanced approach that

embraces other low-carbon energy technologies can be just

as e�ective while costing much less. 54

Similarly, a study from the University of Adelaide found that

it costs 50% more to address climate change without

deploying nuclear. 55  And the Intergovernmental Panel on

Climate Change (IPCC) determined that it would cost up to

138% more to �ght climate change without carbon capture

and storage (CCS)—compared to a cost increase of just 6% if

there is limited penetration of renewables. 56

On a global level, it is unlikely that renewables can reach high

penetrations at an acceptable cost and in a timeframe that

prevents runaway climate change. Even in this country, the

technical and economic challenges of a mostly renewables

energy portfolio are overwhelming. When combined with the

obvious political challenge of expending those kinds of

resources in the �ght against climate change—a �ght that

many leaders of one major political party still deny we should

take on—it is clear that it won’t happen here either.

Conclusion
That does not mean all is lost. Renewables are improving, and

their share of the grid can and must go up—hopefully reaching a

substantial share of capacity. But we also must aggressively

pursue other low carbon sources that can bring large

quantities of baseload power to the grid in the right places

and in cost-e�ective ways. That means adding carbon

capture and sequestration to fossil plants and building new



and advanced nuclear plants. 57  To get there, we will have to

invest in them and not place all of our money, innovation,

and political e�orts on the hope of U.S. and global grids

powered only by the wind and sun.

CLIMAT E CHANGE
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