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➡ Models can guide experimentation, increase success rate of 
investments in new technologies



Solar (photovoltaic) panel from the 80s 

Greenbuildingadvisor.com 



Solar energy today 

A new battery is rarely greeted with as 
much excitement as the latest smart-
phone or a new drug. The energy 

industry is widely perceived as sluggish, a 
provider of basic services and lacking crea-
tivity. In fact, a brighter reality is emerging — 
government support for energy-technology 
development is paying off.

Public policies to encourage the develop-
ment and adoption of renewable-energy 
technologies are essential, because low-
carbon performance is not visible to most 
consumers and carbon is not priced in the 
global market. Yet there is a widespread lack 
of confidence in public-sector efforts to spur 
innovation, as a result of the mixed record of 
governments in picking winners and losers 
among technologies1.

Some governments are considering 

reducing their support for renewable-energy 
projects. The future of the US tax credit for 
new wind energy is uncertain; the United 
Kingdom is debating scaling down subsidies 
for some renewables and relaxing its targets 
for carbon-emissions reductions, and Spain 
has abandoned its incentives programme 
and electricity-price commitments for 
renewable-energy power plants. The coun-
tries of the European Union disagree on a 
common binding target for the adoption of 
renewable energy by 2030.

But now is not the time to cut govern-
ment support for renewables. Each day that 
we delay implementing low-carbon energy 
technologies we increase the likelihood of 
damage from climate change — from storms 
and floods to forest fires, . 

The response of the global energy industry 

to even modest policy interventions has 
been remarkable. Led by China, Europe, 
the United States and Japan, the alternative-
energy sector is booming worldwide2–4. 
Solar and wind technologies have improved 
most rapidly in the past three decades, with  
photovoltaics a hundred times cheaper today 
than in 1975.

Governments should help to maintain 
this progress. Research funds and policies 
to boost markets will mature new energy 
industries and promote the next generation 
of low-carbon technologies.

RAPID INNOVATION
The speed of energy-technology innovation 
is only just coming to light as long-term data 
sets become available. My analyses of 30 or 
more years of data2–4 show that the costs of 

Back the renewables boom
Low-carbon technologies are getting better and cheaper each year, but continued 

public-policy support is needed to sustain progress, says Jessika E. Trancik.

A solar power plant on a former military air base in Finowfurt, Germany.
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Evaluating stationary storage

• How much more improvement needed?



Consider fluctuations

Braff, Mueller, Trancik, Nature Climate Change 2016
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Figure 1: Electricity output to maximize revenue from a hypothetical hybrid storage and renewable
energy plant located in McCamey, TX with a storage power Ėmax of 1 MW/MWgen, a duration h
of 4 hours (Table S1). Data is shown here for a sample of 3 days in each season of the year, though
the analysis considers all days of the year. Storage allows plant output to shift from the natural
generation profile (middle row) to periods of high prices (bottom row: electricity price; top row:
optimized output). Results for Palm Springs, CA and Plymouth, MA are shown in Supplementary
Information Figures S3 and S4, respectively.
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Figure 2: Value � of a wind hybrid plant in Texas versus storage size, power Ėmax (MW stor-
age/MW generation) and duration h (hrs), for a wind generation cost Cgen of $1/W and energy and
power-related costs of storage (Cpower

storage, C
energy
storage) ranging from $50/kWh-$150/kWh and $50/kW-

$150/kW respectively. The optimal storage system size is found for each storage energy and power-
related cost pair to maximize the value of the hybrid plant (�max). Similar plots for solar in TX, and
wind and solar in MA and CA, and for varying generation costs, are shown in the Supplementary
Information Figures S9 - S17.
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Ziegler, Mueller, Pereira, Song, Ferrara, Chiang, Trancik, Joule 2019



Results

Ziegler, Mueller, Pereira, Song, Ferrara, Chiang, Trancik, Joule 2019
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Evaluating stationary storage

• System design and operation 

• ‘Oversized’ solar and wind energy (lots of excess generation) 

• Prediction problem is tractable (can achieve close to optimal operation) 

• Two paths: Ultra-cheap energy storage or energy storage plus 

• How much more improvement needed? 

• Low energy storage capacity costs ($20-150/kWh) and scalable materials 

• Energy storage plus: Batteries plus demand side management, 
transmission expansion, supplemental generation
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Cost and emissions of vehicle powertrains 
(see carboncounter.com)

Miotti, Supran, Kim, Trancik, Environmental Science & Technology 2016; carboncounter.com 



Models to quantify technology performance 
targets, measure progress, inform priorities

Examples from: 

• Stationary energy storage 

• Batteries, charging infrastructure for electric vehicles  

• High energy trips and power system constraints define quantitative 
targets for battery energy density, fast charger locations, 
supplementary vehicles 

• Solar energy



Models to quantify technology performance 
targets, measure progress, inform priorities

Examples from: 

• Stationary energy storage 

• Batteries, charging infrastructure for electric vehicles 

• Solar energy 

• Automation and standardization can reduce soft costs
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