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Agenda

Renewables in the energy system
§ Insights of the state of the art (SOA), 

mostly based on Renewables 2020 
Global Status Report 

§ Selected concepts to reason about 
renewables 
§ LCOE
§ Capacity Factor
§ Technology Learning curves
§ VRE: Dispatchability
§ System value

Airborne wind energy

Twingtec

Explore more on AWE systems here

https://www.ren21.net/reports/global-status-report/
https://www.youtube.com/watch?v=30iQG9nYDWk&t=48s
https://airbornewindeurope.org/resources/videos/
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SOA: Renewables growth

Renewables grew three times faster than fossil fuels 

9,6% 10,8%

Total Final Energy Consumption
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SOA: Renewables in energy use
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RENEWABLES WERE FASTEST GROWING ENERGY SOURCE IN BUILDINGS

SOA: Renewables in Buildings
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SOA: Renewables in Buildings
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RENEWABLES IN INDUSTRIAL ENERGY USE REMAINS SMALL

SOA: Renewables in Industry & Agriculture
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KEY BARRIERS 
◼ Sector heavily relying on fossil fuel - Fossil fuel “centered” market structures - Fossil fuel subsidies – no level 
playing field 
◼ Lack of strong policy support → no new countries with biofuel blend mandates since 2017 
◼ Exploding demand growth 
◼ Only nine countries with advanced mandates 
◼ Limited options in aviation and shipping

SOA: Renewables in Transport
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SOA: Renewables in Electricity generation
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SOA: Renewables in Electricity generation

Total Installed Capacity in Portugal (2019): 22,3 GW (for comparison purpose)
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SOA: Renewables in Electricity generation
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SOA: Renewables in Electricity generation
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SOA: Renewables in Electricity generation

Net additions mean decomissioned plants were subtracted 



© Julia Seixas FCT NOVA, 2021

14

SOA: Renewables in Electricity generation
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SOA: Renewables in Electricity generation
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SOA: Renewables in Electricity generation
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MORE THAN HALF OF NEW WIND POWER CAPACITY IN ASIA

SOA: Renewables in Electricity generation
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SOA: Renewables in Electricity generation
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SOA: Renewables in water heating
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Energy investment is set to fall by one-fifth in 2020 due to the Covid-19 pandemic

USD (2019) billion

Read more here.

SOA: Renewables investment

https://www.iea.org/reports/world-energy-investment-2020/key-findings
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Fuel supply investments have been hit hardest in 2020 while utility-scale renewable power has 
been more resilient, but this crisis has touched every part of the energy sector

Read more here.

SOA: Renewables investment

https://www.iea.org/reports/world-energy-investment-2020/key-findings
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SOA: Renewables investment
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Clean energy investment has been relatively resilient in the downturn, but a flat trend of 
spending since 2015 is far from enough to bring a lasting reduction in emissions

USD (2019) billion

Read more here.

SOA: Renewables investment

https://www.iea.org/reports/world-energy-investment-2020/key-findings
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SOA: Renewables investment
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Concepts to understand renewables

Key concepts to understand the role of renewable sin the energy systems

- LCOE: levelized cost of electricity
- Technology learning curve
- Capacity factor
- Dispatchability
- Energy system value
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HOW TO COMPARE THE COST OF ELETRICITY PRODUCTION FROM DIFFERENT TECHNOLOGIES?

LCOE

Read more here

https://www.e-education.psu.edu/eme801/node/530
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LCOE

Measure lifetime costs divided by energy 
production

Calculates present value of the total cost of 
building and operating a power plant over 
an assumed lifetime

Allows the comparison of different 
technologies (e.g. coal, gas, solar) of unequal 
life spans, project size, different capital costs, 
risk, return and capacities

The total costs associated with the project will include:
•The initial cost of investment expenditures (I)
•Maintenance and operations expenditures (M)
•Fuel expenditures (if applicable) (F)
The total output of the power-generating asset will include:
•The sum of all electricity generated (E)
Two important factors to be considered are:
•The discount rate of the project (r)
•The life of the system (n)

Learn more here, with examples.

https://corporatefinanceinstitute.com/resources/knowledge/finance/levelized-cost-of-energy-lcoe/
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LCOE
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LCOE
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LCOE

Explore more here

https://atb.nrel.gov/electricity/2018/summary.html
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LCOE

Explore more here

https://atb.nrel.gov/electricity/2018/summary.html
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LCOE

(Huld et al, 2014)

Fig. 1 Distribution of the levelised cost 
of PV electricity in Europe (Read here)

https://www.researchgate.net/publication/269100308_Cost_Maps_for_Unsubsidised_Photovoltaic_Electricity
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Capacity Factor

HOW TO REFER TO THE LOCAL CONDITIONS OF A RENEWABLE POWER TECHNOLOGY?

The capacity factor (CF) is directly 
related with natural endogenous 
conditions and impacts the amount 
of electricity generated: higher CF 
more electricity produced
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Capacity Factor
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Capacity Factor / Efficiency
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Capital costs
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Technology performance
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Learning Curves

HOW TO ASSESS COST 
EVOLUTION OF A 
TECHNOLOGY?

V. Sivaram & S. Kann
(2016), Nature Energy

Learning rate: expresses the 
constant percentage 
improvement (usually in terms 
of cost reductions) in a 
technology for each doubling 
of the technology's 
cumulative installed capacity
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Learning Curves
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Learning Curves

(NEO, 2020)
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VRE: Variable Renewable Energy

HOW TO MANAGE THE VARIABILITY OF RENEWABLES?

Read more here

A dispatchable source of electricity refers to an electrical 
power system, such as a power plant, that can be turned 
on or off; in other words they can adjust their power output 
supplied to the electrical grid on demand. Most 
conventional power sources such as coal or nuclear
power plants are dispatchable in order to meet the always 
changing electricity demands of the population. 

In contrast, many renewable energy sources are 
intermittent and non-dispatchable, such as wind power or 
solar power which can only generate electricity while their 
energy flow is input on them.

https://energyeducation.ca/encyclopedia/Dispatchable_source_of_electricity
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VRE: Variable Renewable Energy

Dashed line: consumption
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VRE: Variable Renewable Energy
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System Value
IS LCOE ENOUGH TO CAPTURE THE VALUE OF RENEWABLES?

FROM COST TO VALUE:
Renewable energy can make a contribution to energy, environmental and economic benefits:
1) energy security (not depending from volatile international markets);
2) reduction of carbon dioxide (CO2) emissions and other environmental impacts (air pollution reduction);
3) economic development (jobs creation)
4) new businesses based on local empowerment schemes (prosumers)

Jobs in Renewable Energy, 2018
LCOE is not enough! 
–> energy systems 
analysis

Read more here

https://smartnet.niua.org/sites/default/files/resources/Next_Generation_Windand_Solar_PowerFrom_Cost_to_ValueFull_Report.pdf

