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INTEGRATED ENERGY SYSTEMS 
ASSESSMENT

– how to ‘invent’ the future? -



CONSUMERS – Lifestyle: small cars or no cars, 
less flights …

TECHNOLOGY – power production, insulation 
materials, electric vehicles, LEDs, …

RESOURCES – coal, shale gas, sun, water …

ENERGY 
DEMAND

ENERGY 
SUPPLY

1) HOW TO THINK FOR THE FUTURE? 2030 – 2040 – 2050 ? 

2) 1 + UNDER A SEVERE CONSTRAINT OF GREENHOUSE 
GAS EMISSIONS?

3) 2 + WITHOUT LOOSING COMPETITIVENESS?



ENERGY DEMAND = Population * GDP per Capita * Energy/GDP

GDP per Capita: development index
Energy/GDP: energy intensity of the economy

Limitations?

(final energy)

1st step: How to project energy needs for the future?



1st step: Project energy needs for the future

Recall the Class Energy Demand for Medium to Long Term Decisions
15th March 2019, João Pedro Gouveia
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1st step: Project energy needs for the future



Examples of projections of energy services demand for buildings
(households and services) and mobility

1st step: Project energy needs for the future

Why projecting energy services and not final energy?



3nd step: Project energy technologies available in the future



3nd step: Project energy technologies available in the future



Source: IEA 2017

to read!



Technology assumptions
Technology cost curve: the solar case

‘10 – ‘15 ‘15 – ’20 ‘20 – ’50

PV  17% 19% 21%

Thin films 12% 14% 16%

CPV 23% 30%

CSP 
Tower 20%

Parabolic cilinder 15%
Discs 25%

Technology efficiency

Source PV and CPV: IEA- Technology Roadmap Solar photovoltaic energy 2010; 
Magpower; 
Fonte CSP: Valores 2010 - IEA, 2010 “Technology Roadmap, Concentrating Solar 
Power” -International Energy Agency, 2010.

3nd step: Project energy technologies available in the future

Recall: Learning Curves



2nd step: Project energy technologies available in the future



Impact of financial crisis in carbon economics (McKinsey 2010) 
http://www.mckinsey.com/clientservice/sustainability/pdf/Impact_Financial_Crisis_Carbon_Economics_GHGcostcurveV2.1.pdf a ler!

(Average cost)

(compared to BAU)

http://www.mckinsey.com/clientservice/sustainability/pdf/Impact_Financial_Crisis_Carbon_Economics_GHGcostcurveV2.1.pdf


What are the most competitive technologies to supply energy demand?
Supply – demand curves for energy technologies.

Note: adapted from G. Tosato - IEA (April, 2006)

2nd step: Project energy technologies available in the future



Source: reference Scenario. World Energy Outlook. International Energy Agency. 2009. Paris
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Future Fuel prices are importante for the competitiveness of energy technologies
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Availability of Endogenous Resources potential is crucial for its adoption in 
the future

Resource Unit
Current

use 
MAximun technical

Potential Source
2009 2020 2030 2050

Hydro power GW 4.497 9.08 Plano Nacional de Barragens com Elevado Potencial Hidroeléctrico. 2009. 

Mini-hydro power GW 0.324 0.70 0.81
Windonshore GW 3.566 6.50 7.00 7.50 Comunicação pessoal de Ana Estanqueiro. LNEG. 16 Junho 2010. 
Windoffshore GW 0 0.075 4.00 10.00 Estimativa com base em estudo do INETI
Waves/Tide GW 0.004 5.00 7.70 Comunicação pessoal de Alex Raventos. Wave Energy Center. 23 Abril 2010
Rooftop PV GW 0.019 

1.50 9.30 DGEG (MEID) – Montra Tecnológica Solar (Lisboa, 16 Março de 2010); REN 
(comunicação pessoal)PV utility scale GW 0.077 

Urban waste PJ 0.088 GW 9.83 9.99 10.43 Extrapolação com base em indicador de RSU incinerado per capita e cenários de 
RSU elaborados no âmbito do PORTUGAL CLIMA2020.  

Biogas PJ 0.02 GW 17.46 6.90 5.89 Extrapolação PNAC 2006 e GPPAA- MADRP. 2005.
Geothermal GW 0.023 0.045 0.077 0.23 Comunicação pessoal de Luís Neves. Faculdade de Ciências e Tecnologia da 

Universidade de Coimbra. Junho 2010.Geothermal (Hot Dry Rock) GW 0 0.038 0.102 0.750 

Biomass from forest

PJ 0.46 GW

17.67 30.87 Grupo de trabalho-Direcção Nacional das Fileiras Florestais, Junho, 2010. 
Comunicação pessoal  de Armando Goes. CELPA.  

Biomass (agriculture
waste+ wood industry) 5.93

INR, 2006.PERAGRI - Plano Estratégico dos Resíduos Agrícolas. Relatório Técnico, 
Vol 1 - Sumáro Executivo. Abril de 2006. Universidade do Minho

GPPAA- MADRP. 2005. Biomassa e Energias Renováveis na Agricultura Pescas e 
Florestas.

Bioetanol PJ - 19.50 GPPAA- MADRP. 2005. Biomassa e Energias Renováveis na Agricultura Pescas e 
Florestas.Biodiesel PJ - 9.99 
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TIMES_PT

Preços de 
importação de 

energia
Crude, gás natural, 
carvão, biomassa…

Projecções da 
procura 

energia & materiais

Tecnologias 
(existentes e novas)

Capacidade, 
disponibilidade, 

eficiência, tempo de 
vida, custos, 

factores de emissão

Potenciais nacionais 
de energia primária 
hídrica, vento, solar, 

biomassa

Restrições de 
Política e outras

Limites de emissão, 
taxas, subsidios, 
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Emissões

Custos

Capacidade instalada

Preços de 
energia final

Fluxos de materiais e 
energia

Combinação óptima de 
tecnologias de oferta e 

procura de energia

Oferta E 
primária:
refinação, 

importações e 
renováveis

Geração de 
electricidade

Transportes: rodoviário 
passageiros – carros, 
autocarros e motos, 

rodoviário mercadorias, 
ferroviário, aviação, 

marítimo, fluvial

Indústria: Fe&Aço; não 
Fe;Cl&NH4+; Outra Química.; 

Cimento; Cal; Vidro; 
Cerâmica; Pasta de Papel e 

papel; Outras

Residencial: Novos & Exist. -
Rural/ Urbano /Apartmentos

Comercial: Grande e 
Pequeno

Agricultura

Inputs OutputsPartial equilibrium model: optimization modelling tool

3st step: Matching energy needs and energy technologies



Scenarios (uncertainities) analysed until the modeling time 
horizon:

- Different caps of GHG emissions;
- Different paces of cost reductions of energy technologies; 
- Different energy services demand;
- Different energy prices of fossil fuels;
- Different policies (e.g. renewables targets, waste for energy

goals)  

Different future pathways of national/ regional energy systems:
- Portfolio of energy technologies
- Primary energy (import vs endogenous)
- Costs of energy production (e.g. electricity)
- GHG emissions

3st step: Matching energy needs and energy technologies



4th step: Analyzing results to support decision 
Global assessment 
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4th step: Analyzing results to support decision 
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Focused on a specific sector: power sector
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4th step: Analyzing results to support decision 
Focused on a specific sector: power sector
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Maximum technical potential:  9.3 GW PV e  n.d. CSP

[tecnologia PV centralizado/filmes finos  e CSP]

Em 2050 até 51% GW totais e até 34% TWh  totais

4th step: Analyzing results to support decision 
Focused on a specific technology: solar power
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2050: up to 15% of total instaled capacity and 16% totalproduction

(-50Fefre)

Maximum technical potential: 7.7 GW[general wave technology]

Fonte: Roadmap Portugal 2050: análise das novas tecnologias energéticas nacionais e cenarização do seu impacto no sistema energético nacional. E.Value SA. Lisboa 2010. 
(http://evalue.na-rede.net/publicacoes/D3_Analise_Competitividade_Novas_Tecnologias_Energeticas_12.2010.pdf)

CO2 cap + 
no cost 
reduction

4th step: Analyzing results to support decision 
Focused on a specific technology: wave power



23Fonte: Roadmap Portugal 2050: análise das novas tecnologias energéticas nacionais e cenarização do seu impacto no sistema energético nacional. E.Value SA. Lisboa 2010. 
(http://evalue.na-rede.net/publicacoes/D3_Analise_Competitividade_Novas_Tecnologias_Energeticas_12.2010.pdf)

Focused on a specific technology: electric vehicles

4th step: Analyzing results to support decision 



5th step: Analyzing the sustainability of the cost-effective 
solutions (because models have limitations) 
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