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Renewables



INNOVATIVE RENEWABLES

High altitude wind 
Exemple #1: https://www.youtube.com/watch?v=vMTchVXedkk

https://www.youtube.com/watch%3Fv=vMTchVXedkk


https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf

Renewables represent a very small share of the world 
energy system

https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf


https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf

[Total Final Energy Consumption]

Renewables growth (+2.3%) is higher than (fossil + 
nuclear) growth (+1.4%), 2006-2016 

https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf


https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf

A bit more than 1/3 of global installed capacity for power 
production is renewable based.

https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf


https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf

Approximately, ¼ of global electricity production is from 
renewanle sources

https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf


https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf

Higher renewable installed capacity (>200GW) in China 
and EU28, in 2018

https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf


https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf

Portugal is at Top10 of countries with highest share of 
renewable electricity in 2018

https://www.ren21.net/wp-content/uploads/2019/05/gsr_2019_full_report_en.pdf


https://webstore.iea.org/download/direct/2738?fileName=WEI2019.pdf

For the third year in a row, power exceeded oil 
and gas supply as the largest investment sector. 
… the trend also reflects the growing 
importance of electricity, whose demand 
growth in 2018 was nearly twice as fast as 
overall energy demand.

Investiment in fossil (2nd+4rd columns) higher than 
investiment in renewable power system (1st column, 
except fossil-fuel power)

https://webstore.iea.org/download/direct/2738%3FfileName=WEI2019.pdf


https://webstore.iea.org/download/direct/2738?fileName=WEI2019.pdf

https://webstore.iea.org/download/direct/2738%3FfileName=WEI2019.pdf


https://webstore.iea.org/download/direct/2738?fileName=WEI2019.pdf

Global electricity investment declined by 1% in 2018…

https://webstore.iea.org/download/direct/2738%3FfileName=WEI2019.pdf


https://webstore.iea.org/download/direct/2738?fileName=WEI2019.pdf

https://webstore.iea.org/download/direct/2738%3FfileName=WEI2019.pdf


https://webstore.iea.org/download/direct/2738?fileName=WEI2019.pdf

More than doubling 
investment in low-carbon 

energy systems is needed for 
the Paris Agreement goal.

https://webstore.iea.org/download/direct/2738%3FfileName=WEI2019.pdf


RENEWABLES IN Portugal: one shot!

EXPLORE MORE here: 

https://www.apren.pt/pt/energias-renovaveis/producao

https://www.apren.pt/pt/energias-renovaveis/producao


Key concepts to understand the role of renewables in energy systems:

- LCOE (levelized cost of electricity)
- Learning curves
- Capacity factor
- Dispatchability
- Energy system value



HOW TO COMPARE THE COST OF ELETRICITY 
PRODUCTION FROM DIFFERENT TECHNOLOGIES?

Basic economics of power generation, transmission and distribution, PennState Univ
https://www.e-education.psu.edu/eme801/node/530

Why is it not possible to make direct comparison among different technologies?

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






Comparison of the levelized cost of electricity for some newly built renewable and fossil-fuel based 
power stations in EuroCent per kWh (Germany, 2018)



HOW TO DECIDE TO PUT A POWER PLANT OPERATING 
WITHIN A POWER SYSTEM?

Example of a power supply curve

https://www.e-education.psu.edu/ebf200/node/151

https://www.e-education.psu.edu/ebf200/node/151


2016https://www.irena.org/publications/2016/Jun/The-Power-to-Change-Solar-and-Wind-Cost-Reduction-Potential-to-2025

https://www.irena.org/publications/2016/Jun/The-Power-to-Change-Solar-and-Wind-Cost-Reduction-Potential-to-2025


LCOE changes along the time, because tecnologies become mature (CAPEX reduces)

https://www.irena.org/publications/2019/May/Renewable-power-generation-costs-in-2018

https://www.irena.org/publications/2019/May/Renewable-power-generation-costs-in-2018


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

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


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

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


LCOE changes with countries, because physical conditions,e.g.  sun hours in the case of PV
(amount of electricity varies)

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

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


Capacity factor is the ratio of the actual electrical energy produced in a given
period of time, to the hypothetical maximum possible electrical energy output 
over that period. 

What factors limit the electricity generation along the day or along the year?
- availability of the technology (e.g. maintenance)
- availability of the resources (sun: daily profile; hydro: seasonal profile), 

depending on the local

Number of total hours in a year

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



Capacity factors varies with technology and along the year (also with the 
regions of the planet)



PV cells efficiency evolution 

The efficiency is directly related with technological development 
and impacts the amount of electricity generated: higher efficiency 
generates more electricity for the same capacity.



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

HOW TO ASSESS COST EVOLUTION?



Learning curves are usually linear trends from logarithimic scales









EPC stands for Engineering, Procurement, and Construction



HOW TO MANAGE THE VARIABILITY OF RENEWABLES 
[VRE: VARIABLE RENEWABLE ENERGY]?

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

https://energyeducation.ca/encyclopedia/Dispatchable_source_of_electricity


“despachibility”

storage

HOW TO MANAGE THE VARIABILITY OF RENEWABLES?

Electricity demand





MANAGEMENT OF VRE IS INCREASING

Mainland Portugal: electricity consumption was ensured only by renewable sources between 4 pm 
on Friday, 9 March, and 1 pm on Monday, 12 March. SEE EXPLANATION HERE

https://www.apren.pt/pt/marco-100-renovavel--primeiro-mes-com-consumo-de-eletricidade-assegurado-por-fontes-renovaveis-e-record-de-enorme-relevancia


FROM COST TO VALUE:

The development and deployment of renewable energy (RE) can 
make a contribution to energy, environmental and economic 
policy in three interacting areas. 

1) energy security (including smart grids);
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)

Ler mais em: 
https://www.iea.org/publications/freepublications/publication/Next_Generation_Windand_Solar_PowerFrom_Cost_to_ValueFull_Report.pdf

LCOE is not enough! –> energy systems analysis

IS LCOE ENOUGH TO CAPTURE THE VALUE OF RENEWABLES?



https://webstore.iea.org/download/direct/309

https://webstore.iea.org/download/direct/309

