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Overview 
The electric power sector is widely expected to be the linchpin of efforts to reduce greenhouse gas (GHG) 
emissions. Most studies exploring climate stabilization pathways envision a decline in global anthropogenic 
GHGs of 50-90% below current levels by 2050 (IPCC 2014; Loftus et al. 2015). To reach these goals, the power 
sector would need to cut emissions nearly to zero, while expanding to electrify (and consequently decarbonize) 
portions of the transportation, heating, and industrial sectors (GEA 2012; IPCC 2014; Krey et al. 2014; 
McCollum et al. 2014).  
 
This paper reviews recent literature on the deep decarbonization of the electric power sector, defined here as 80-
100% reduction in carbon dioxide (CO2) emissions. To capture insights from recent research, this review 
encompasses 30 deep decarbonization studies published since 2014. These studies employ a variety of methods, 
including detailed power system optimization models, higher-level energy-economic and integrated assessment 
models, and scenario-driven exercises. They also span different scopes, from the regional to national to global, 
and they entail different research objectives. Despite this diversity of parameters, the recent literature presents a 
set of clear and consistent insights. This review seeks to synthesize these key insights and present these findings 
in a policy-relevant manner. 

Methods 
Literature review and comparative analysis of methods. 

Results 
There is a strong consensus in the literature that reaching near-zero emissions is much more challenging — and 
may require a very different mix of resources — than comparatively modest emissions reductions (50-70% or 
less). Planning and policy measures should therefore focus on long-term objectives (near-zero emissions) in 
order to avoid costly lock-in of suboptimal resources. 
 
In addition, there is strong agreement in the literature that a diversified mix of low-CO2 generation resources 
offers the best chance of affordably achieving deep decarbonization. While it is theoretically possible to rely 
primarily (or even entirely) on variable renewable energy resources such as wind and solar, it would be 
significantly more challenging and costly than pathways that employ a diverse portfolio of resources. In 
particular, including dispatchable low-carbon resources in the portfolio, such as nuclear energy or fossil energy 
with carbon capture and storage (CCS), would significantly reduce the cost and technical challenges of deep 
decarbonization. 

Conclusions 
The recent literature sheds significant light on the challenge of decarbonizing electric power systems. Despite 
a wide variety of analytical methods, goals, and scopes, there is strong agreement in the recent literature that 
deep decarbonization—reaching zero or near-zero CO2 emissions—is best achieved by harnessing a diverse 
portfolio of low-carbon resources. 
 
In particular, low-carbon dispatchable baseload resources such as nuclear, biomass, hydropower, or CCS, are an 
indispensible part of any least-cost pathway to deep decarbonization. Recent literature indicates that removing 
this dispatchable base from the generation portfolio, relying instead entirely or predominately on variable 
renewable energy resources such as wind and solar, would significantly increase the cost and technical challenge 
of decarbonizing power systems. 
 
In addition, reaching zero emissions requires a significantly different capacity mix than achieving comparatively 
more modest goals. This finding implies that policymakers and planning should be wary of lock-in of suboptimal 
capacity investments, and should consider policy and market mechanisms that incentivize action toward 
longterm goals. 
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