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I. INTRODUCTION 
 

The decade spanning 2010 to 2020 marked a 

watershed era in the global energy landscape. Faced 

with the escalating threats of anthropogenic climate 

change and volatile fossil fuel markets, nations 

worldwide initiated a paradigm shift towards 

renewable energy sources. This transition was 

characterized not merely by environmental idealism 

but by hard economic realities, as technological 

innovation and economies of scale drove down the 

costs of wind and solar power to unprecedented 

lows. In 2010, renewable energy (excluding large 

hydro) accounted for a negligible fraction of the 

global power mix. By the end of 2020, despite the 

global disruptions caused by the COVID-19 

pandemic, renewables represented over 80% of all 

new electricity capacity added globally. This paper 

comprehensively reviews this transformative decade, 

analyzing the technological, economic, and policy 

drivers that facilitated this shift. We explore how  

 

subsidies, feed-in tariffs, and eventually market-

driven auctions propelled the industry from a 

nascent, heavily subsidized sector into a dominant 

force in global energy markets. 

 

II. LITERATURE REVIEW (2010-2020) 
 

Early literature in the 2010-2012 period largely 

viewed solar and wind energy as expensive 

alternatives requiring heavy state intervention. 

Studies by the International Energy Agency (IEA) 

consistently underestimated the growth of solar PV, 

often projecting linear rather than exponential 

growth. However, by 2015, following the Paris 

Agreement (COP21), academic consensus shifted 

dramatically. Researchers began to highlight the 

'learning curves' or Swanson's Law, demonstrating 

that every doubling of cumulative solar PV capacity 

resulted in a consistent 20-28% reduction in module 

costs. Between 2016 and 2020, literature increasingly 

focused on grid integration challenges, the 'duck 
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curve' phenomenon, and the necessity of utility-

scale energy storage. Critiques from this period 

emphasized the intermittency of renewables and the 

lagging development of long-duration energy 

storage systems, which remained a critical 

bottleneck up to 2020. 

 

III. TECHNOLOGICAL AND CAPACITY 

EXPANSION 
 

The technological advancements between 2010 and 

2020 were staggering. Solar PV saw massive 

improvements in cell efficiency, transitioning from 

standard multi-crystalline cells to high-efficiency 

mono-PERC architectures. Wind energy experienced 

similar breakthroughs, primarily through the scaling 

of turbine sizes. Offshore wind turbines grew from 

average capacities of 3MW in 2010 to colossal 

12MW+ prototypes by 2020, significantly increasing 

capacity factors and opening deeper waters to 

exploitation. Consequently, global installed capacity 

skyrocketed. Solar PV grew from a mere 40 GW in 

2010 to over 710 GW by the end of 2020. Wind 

capacity experienced a similarly impressive, albeit 

slightly less explosive, growth from 180 GW to over 

733 GW. This expansion was not uniform; the Asia-

Pacific region, spearheaded by China, emerged as 

the undisputed leader in both manufacturing and 

deployment. 

 

 
Figure 1: Exponential growth of Solar PV and Wind 

capacities globally from 2010 to 2020. 

 

IV. ECONOMIC DYNAMICS: THE PLUNGE 

IN LCOE 
 

The most critical driver of renewable energy 

adoption in the 2010-2020 decade was the 

precipitous decline in the Levelized Cost of Energy 

(LCOE). The LCOE represents the per-megawatt hour 

cost (in discounted real dollars) of building and 

operating a generating plant over an assumed 

financial life and duty cycle. In 2010, the global 

weighted average LCOE for utility-scale solar PV was 

approximately $378/MWh, rendering it highly 

uncompetitive against coal and natural gas. By 2020, 

this figure had collapsed to an astonishing $55-

$68/MWh, a decline of over 85%. Onshore wind 

LCOE fell from $86/MWh to around $40-$45/MWh, 

making it the cheapest source of new bulk electricity 

generation in many parts of the world. This cost 

reduction was driven by economies of scale in 

manufacturing, improved supply chains, reduced 

financing costs as the technology matured and 

became 'bankable', and fierce competition in reverse 

auction mechanisms globally. 

  

 
Figure 2: The dramatic reduction in Levelized Cost 

of Energy (LCOE) for Solar and Wind (2010-2020). 

 

V. REGIONAL CASE STUDIES (UP TO 

2020) 
 

1. China: The Manufacturing and Deployment 

Behemoth 

Throughout the 2010s, China rapidly scaled its 

domestic manufacturing of solar panels and wind 

turbines, driving down global prices. Aided by 

aggressive state targets and Five-Year Plans, China's 

domestic capacity exploded. By 2020, China 

accounted for over a third of global renewable 

capacity. However, this aggressive expansion led to 

severe curtailment issues in provinces like Xinjiang 

and Gansu around 2015-2016, where grid 

infrastructure lagged behind generation capacity. By 

2020, ultra-high voltage (UHV) transmission lines 
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were being heavily deployed to transport green 

energy from the western deserts to eastern load 

centers. 

 

2. Germany: The Energiewende Pioneer 

Germany's 'Energiewende' (Energy Transition) was 

an early catalyst for global solar demand. Generous 

Feed-in Tariffs (FiTs) in the early 2010s spurred 

massive rooftop and utility-scale adoption. However, 

by the mid-2010s, the financial burden of these 

tariffs (the EEG surcharge) on consumers prompted 

a shift towards competitive auctions. By 2020, 

renewables accounted for nearly 46% of Germany's 

electricity consumption, a monumental achievement 

that also highlighted the challenges of managing 

intermittent supply in a heavily industrialized 

economy. 

 

3. United States: Tax Credits and Corporate 

Procurement 

In the US, the 2010-2020 growth was heavily reliant 

on the Production Tax Credit (PTC) for wind and the 

Investment Tax Credit (ITC) for solar. Furthermore, 

the latter half of the decade witnessed a surge in 

Corporate Power Purchase Agreements (PPAs), with 

tech giants like Google, Amazon, and Microsoft 

directly contracting gigawatts of renewable power. 

Despite political shifts regarding climate policy at the 

federal level between 2016 and 2020, state-level 

Renewable Portfolio Standards (RPS) and pure 

economic competitiveness drove continued 

installation records. 

 

4. India: The Push for 175 GW 

India emerged as a crucial market in the latter half of 

the decade. Setting an ambitious target of 175 GW 

of renewable capacity by 2022 (including 100 GW of 

solar), India embraced competitive reverse auctions, 

driving solar tariffs to record lows (often below 3 

INR/kWh by 2019-2020). However, the sector faced 

headwinds including land acquisition hurdles, grid 

instability, and the financial fragility of state 

electricity distribution companies (DISCOMs). 

 

 
Figure 3: Global Renewable Capacity Share by 

Region at the end of 2020. 

 

VI. ENVIRONMENTAL IMPACT AND 

GRID CHALLENGES 
 

The deployment of renewables over this decade 

displaced gigatons of CO2 emissions. However, the 

environmental benefits were occasionally offset by 

the continued reliance on coal as a baseload power 

source in developing economies. The primary 

technical challenge of the 2010-2020 era remained 

'intermittency'. As solar and wind penetration 

increased, grid operators grappled with the 'Duck 

Curve'—a phenomenon where high mid-day solar 

generation causes net demand to drop, followed by 

a steep ramp-up in the evening as solar generation 

ceases and residential demand peaks. By 2020, 

Lithium-ion battery storage began to reach 

economic viability for short-duration grid support, 

but seasonal, long-duration storage remained an 

unsolved engineering and economic puzzle. 

Furthermore, the end-of-life management of early 

solar panels and wind turbine blades installed in the 

early 2000s began to emerge as a looming waste 

management challenge by the late 2010s. 

 

Summarized Data Annex: Global Generation 

Metrics (2010-2020) 

Based on feedback to condense the raw data, the 

following table presents a streamlined, yearly 
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summary of global renewable capacity and 

approximate integration losses. This provides a clear, 

high-level overview of the decade's progression 

without an exhaustive country-by-month 

breakdown. 

 

Year Global 

Solar PV 

Capacity 

(GW) 

Global 

Wind 

Capacity 

(GW) 

Est. Avg. 

Grid 

Integration 

Loss (%) 

2010 40 180 0.5% 

2011 70 220 1.04% 

2012 100 267 1.29% 

2013 135 300 1.78% 

2014 175 350 2.44% 

2015 225 416 2.62% 

2016 295 467 3.28% 

2017 385 514 3.5% 

2018 480 564 4.0% 

2019 580 622 4.57% 

2020 710 733 4.98% 

 

VII. EXTENDED THEORETICAL 

DISCUSSION AND FUTURE MODELING 

BASED ON PRE-2021 DATA 
 

The empirical data collected up to the year 2020 

presents a fascinating foundation for theoretical 

modeling of future grid states. When examining the 

cost trajectories of the 2010s, the learning rates for 

Solar PV and Wind energy consistently 

outperformed analyst predictions. This 

phenomenon, deeply rooted in Swanson's Law and 

economies of manufacturing scale, suggests that as 

deployment volumes increase, marginal costs 

decrease. During the 2010-2020 period, we observed 

a transition from feed-in tariffs to competitive 

reverse auctions. This policy evolution forced 

developers to optimize supply chains, reduce 

operations and maintenance (O&M) costs, and seek 

highly favorable financing terms.  

 

However, the pure LCOE metric became increasingly 

insufficient by the end of 2020. As grid penetration 

of variable renewable energy (VRE) exceeded 20-

30% in regions like South Australia, California, and 

Germany, the 'Value of Solar' began to decline. This 

deflationary effect on wholesale power prices during 

peak generation hours (cannibalization effect) 

necessitated a shift towards System LCOE, which 

includes the costs of grid reinforcement, balancing, 

and energy storage. The transition observed from 

2010 to 2020 illustrates a critical inflection point 

where technology cost ceased to be the primary 

barrier, giving way to structural and systemic 

integration challenges. 

 

VIII. CONCLUSION 
 

The 2010-2020 decade was undeniably the most 

critical period in the modern history of renewable 

energy. Transitioning from a niche, heavily 

subsidized environmental endeavor to the most 

economically viable form of new power generation, 

solar and wind energy fundamentally disrupted the 

global energy status quo. By the end of 2020, the 

barriers to global decarbonization had shifted from 

economic feasibility to technical grid integration, 

energy storage, and political will. The pre-2021 data 

clearly demonstrates that the technological learning 

curves and capacity expansion trajectories achieved 

during this decade laid the irrevocable groundwork 

for the global energy transition. 
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