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1. Introduction 

This document provides a summary of energy-emissions BASE scenario that supported the Portuguese 

National Hydrogen Strategy (EN-H2), published as a Ministerial Resolution in August 14, 2020 (EN-H2, 

2020). These scenarios were developed at the Division of Studies, Research and Renewables of the 

Portuguese Directorate-General for Energy and Geology (hereafter DGEG), using a proprietary national 

energy-emissions model, JANUS. This model is mounted over the LEAP platform - Long-range Energy 

Alternatives Planning System (Heaps, 2016). It is a bottom-up energy modelling tool, enabling the 

modelling of the various energy demand, transmission, and transformation technologies. Although 

LEAP can be run searching for cost-optimal solutions, it was found more useful to run it in a backcasting 

mode: starting from public policy targets such as renewable energy shares, GHG ceilings, energy 

efficiency obligations, and allowing only a certain set of technological value chains selected or 

indicated exogenously. Economical analysis is still performed but it is not exclusive in determining the 

more interesting scenarios. 

JANUS 4.27 had already been used for developing scenarios this way in support of the National Energy 

and Climate Plan 2021-2030 (NECP, 2020), as described in the first issue of this same series of studies 

of the Portuguese energy system (DGEG, 2020).  

JANUS 5.0 of the model was developed for the Project “Assessment of the Potential and Impact of 

Hydrogen in Portugal – Strategy for Sustainability” (DGEG, 2019 a), that was essentially a roadmap for 

selecting the best hydrogen value chains for the specific case of Portugal. The selected best new value 

chains were added to the JANUS previous versions, and the time horizon expanded to 2040. Six 

scenarios were built which are explained in DGEG (2019 b), regarding the original NECP, two updates 

of the NECP, and three disruptive visions for a new, more intense role of hydrogen in the Portuguese 

energy system. Innovative technologies were added, including most notably batteries, deep 

geothermal, advanced biofuels and hydrogen technologies, including production via natural gas 

reforming, electrolysis and biomass gasification. 

At request of the Secretary of State for Energy, for supporting decisions regarding the assembling of 

the EN-H2, the same JANUS 5.0 version was used with some improvements. Three scenarios were built 

– LOW, BASE, and HIGH. The BASE scenario came to be the numerical basis for the energy-related 

forecasts supporting EN-H2 (obviously many other information sources were considered to assemble 

the strategy and define its goals).  
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2. Storyline of the EN-H2 BASE scenario 

This section addresses in more detail the EN-H2 scenarios characteristics, in particular the BASE 

scenario. The scenarios update the NECP scenario and extend it to 2050. In addition to a review of the 

macro-economic outlook and end-use energy demand in the economic sectors, while maintaining the 

emphasis on renewable electricity production and its penetration in the energy end-use mix, hydrogen 

technologies are introduced along the strategic lines of EN-H2. The way this is done seeks to optimize 

the management of energy assets; decarbonize energy end-uses whose approach via electricity would 

be economically unfeasible (e.g. high range temperatures, but not only), either through the direct use 

of hydrogen or through the use of the increasingly renewable blend of gases circulating in the current 

natural gas network; provide great flexibility and security of supply at all time scales; and even 

decarbonize the use of certain raw materials.  

The NECP national and sectoral targets for 2030 are maintained: 

▪ 47% renewable fraction at gross final consumption of energy 

▪ 80% renewable fraction at gross final consumption of electricity 

▪ 20% renewable fraction at transportation (EU definition but without multipliers) 

▪ 1% per year rise of the renewable share at heating and cooling processes, 

as well as the carbon neutrality national objective in 2050, which translates in a reduction of at least 

95% of GHG emissions of the energy sector by 2050 (relative to 2005). 

However, with the introduction of hydrogen there are now more alternatives and more room for 

maneuver in choosing the solutions to be promoted in each decade until 2050.  

Hereafter we review the major new features of the EN-H2 BASE scenario, contrasting when adequate 

with the NECP “With Additional Measures” scenario (WAM), that is described in detail at another 

report (DGEG, 2020). 

 

2.1. Energy demand 

The BASE scenario received: 

i. A short-term update of the macroeconomic scenario with the impact of the Covid-19 

pandemic, and in the long term, of the level of demand in the economic sectors as a result of 

increased use of Information and Communication Technologies; in particular, increased use 

of teleworking and teleconferencing, with some increase in household energy demand and 

reduction in commuting, but especially with significant reductions in domestic and 

international business travel, with particular impact on aviation and business tourism.   

ii. Inclusion of the renewable contribution of heat pumps (heating and cooling of buildings), 

same as in the reviewed NECP WAM 2020 scenario but not included in the original NECP WAM 

scenario submitted to the European Commission in December 2019. 

iii. Downscaling of the NECP electrification level in some sectors, with emphasis on some of the 

15 industrial sub-sectors, and assuming less battery-based electrical propulsion in shipping 

and long distance aviation. 
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iv. Upward revisions of the outlook for the use of renewable fuels of non-biological origin 

(RFNBO), including but not only hydrogen, in the industry and transport sectors (in particular 

at road transportation of merchandise, transportation by rail, shipping, and aviation). 

v. Inclusion of the needs and opportunities for the use of hydrogen in conventional refining and 

as a raw material at the industrial sub-sector of chemicals and plastics. 

 

2.2. Energy transformation 

Two differences of EN-H2 in relation to the NECP WAM scenario are that: 

i. decommissioning of coal thermal power plants is expected to happen until 2022, not 2030; 

ii. some planned reversible hydroelectric systems will not be built after all, simply because it 

seems that there is no unavoidable technical necessity to do it, or interesting business case 

exists. 

Much more important is that, while the NECP WAM scenario already accommodated some hydrogen 

production after 2030, the new EN-H2 strategy increases this ambition enormously and takes much 

early action, starting operations by 2022. Large-scale hydrogen production by electrolysis is 

implemented, dimensioned to be supplied by renewable electricity from dedicated power plants, 

mainly solar photovoltaic, but also wind turbines (2:1 ratio). Also, when possible, electrolysis is to use 

excesses of national and international production potentially available from the grid at very low cost, 

avoiding wind and solar power curtailment in passing. In the central or BASE scenario, the total 

(generating) power considered in 2030 is 2.2 GW (at the LOW scenario it was 10% lower, viz. 2.0 GW; 

and in the HIGH scenario, about 15% higher, viz. 2.5 GW). By 2050 the installed power grows by about 

8 times. 

Additional value chains for hydrogen production are also considered, although with much less installed 

power than for electrolysis: 

i. biomass gasification, redirecting part of the biomass resources allocated in the NECP to 

electricity production and advanced biofuels; and  

ii. separation of water with thermo-electrochemical technologies; these are viewed as unicorn-

type technologies, meaning that the respective value chains are considered with small 

installed power in the scenario, but if they turn out as successful as currently expected, they 

could change the panorama of hydrogen production, even overcoming “conventional” 

electrolysis. 

The BASE scenario also considers small amounts of renewable fuels of biological origin other than 

biofuels for transportation. It is foreseen the use of hydrogen in methanation of biogas and gasified 

biomass, resulting in renewable methane which, accompanied by biomethane, will be injected into the 

gas network.  

But the other major feature of EN-H2 that differs from the NECP views, other than the scale of 

hydrogen production, is the production of very significant amounts of RFNBO, such as methane, 

methanol, and jets, obtained by methanation of CO2 streams from carbon capture (CCU processes). 

The capacity to be installed at the RFNBO production processes is about half the capacity at the large 

scale electrolysis plants for hydrogen production; their energy supply coming, again, mostly from 

dedicated solar PV power plants. By 2030 about 2/3 of the renewable hydrogen production is 

exported, the rest being used internally. 
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It is relevant to remark that ‘blue hydrogen’ – obtained by reforming natural gas and using CCS (carbon 

capture and geological storage) – is not considered in the EN-H2. Although for some countries this may 

be a technologic trajectory that makes sense at an initial stage of an hydrogen strategy, that is not the 

case for Portugal. On the one hand, a CCS infrastructure would need some years to develop; on the 

other hand, the very low prices of solar electricity in the country mean that obtaining renewable 

hydrogen by electrolysis already is cheaper than blue hydrogen. So, the opportunity window for blue 

hydrogen and the related CCS in Portugal is very narrow, if it exists at all. In contrast, renewable 

hydrogen is expected to be used at refineries to progressively replace hydrogen from natural gas 

reforming, as well as raw matter for the chemical and plastics industry, for instance at the fabrication 

of ammonia.  

Navigation and aviation are to be decarbonized via the use of RFNBO fuels, namely hydrogen and 

methane. Methanol is seen as another one of those unicorn-type alternatives in the scenarios: 

technically possible and even able to dominate the panorama, but not favored at current technological 

and political views. In land transport, decarbonization is still viewed as being achieved via electric 

vehicles, but while the NECP considered only batteries except at very long range haul of merchandise, 

EN-H2 features a more widespread and stronger component of vehicles based on hydrogen fuel cells.  

Electricity production based on hydrogen is of course also a possibility but must follow the “efficiency 

first” principle, and avoid important lost assets, namely at thermal power plants. Therefore, it is only 

foreseen to substitute current methane turbines for hydrogen turbines (or perhaps fuel cells) when 

the blend of hydrogen in the gas network reaches a maximum and the existing gas turbines reach their 

end of life (therefore around 2035-2040).  

 

2.3. Decarbonizing the gas supply 

The renewable hydrogen is to be used directly as fuel across all sectors in new equipment, although 

especially at transportation and industry, but it is also envisaged that it will be injected in the (current) 

natural gas network, thus allowing for utilization in existing equipment. The Portuguese gas network 

is relatively recent, so it enables for the transportation of hydrogen without significant leaks and 

corrosion effects. It is foreseen that the amounts of hydrogen injected into the gas network will grow 

until 2030 up to the level that requires no change in end-use equipment, viz. about 10% by volume. 

This will have an impact across all sectors of final demand, as mentioned, but also in gas-based power 

plants and cogeneration units, that no longer will be considered pure fossil fuel based installations 

(and will emit less harmful GHG and produce electricity with an implicit renewable fraction). From 2030 

onwards, progressive adaptation of gas end-use equipment is considered, enabling even more 

blending of hydrogen, until the technical limit of the gas network is reached by 2040, i.e. about 20% 

by volume (ca. 8.5% in terms of energy) and then becomes stable. 

Meanwhile, renewable methane will also be blended in the mixture of gases circulating in the network, 

in increasingly larger quantities. By 2045 the gas network will be almost completely decarbonized, 

containing a mixture of hydrogen and renewable methane from various sources.  

It must be remarked that no similar strategy is adopted for LPG, seen as gases to be phased-out rapidly 

and thus presenting no business cases for decarbonization.  
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2.4. National energy dependence  

Portugal has been very dependent on imported oil and natural gas, although in the case of oil, a large 

share is processed in refineries and secondary fossil fuels are exported (mostly gasoil). The general 

approach of EN-H2 is to reduce the need for combustion fuels by electrifying end uses, although with 

less extent than foreseen by the NECP, and supply the remainder fuel needs with RFNBO (and some 

biofuels). This way the national dependence on imported fossil oil and gas progressively disappears. 

Of course, refineries also make less and less secondary fuels for exporting, and by 2045 they should 

have stopped operations (this does not mean that the facilities are closed, as they are expected to 

have transformed meanwhile into biorefineries and/or RFNBO fabrication). So, the imports and 

exports of fuels contract together, towards near equilibrium by 2050. The BASE scenario expects that, 

at that horizon Portugal has no external dependence on fuels, and in fact becomes a net exporter of 

hydrogen (and biomass). 

As regards electricity, Portugal has also been, in most years, a net importer. The EN-H2 scenarios 

specify, at long-term, a neutral performance in the export/import of electricity, as already did the NECP 

WAM scenarios. 

The overall result of the EN-H2 approach is an energy system almost 100% renewable by 2050 and 

without external dependence, overcoming the hindrances that the NECP approach posed to make 

further progress after 2030, especially the slow pace and hurdles of electrifying all high temperature 

industrial processes, shipping, and aviation.  

 

2.5.  Security of supply 

As Portugal could not find significant, economically viable, endogenous fossil fuel resources, security 

of supply has always been a major concern, and in fact one of the major drivers of the country towards 

developing its large renewable energy potential. 

From the EN-H2 strategy outlined in sections 2.2 to 2.4 above, it is evident how security of supply of 

fuels is to be solved in the long term. However, how the issue of security of supply of electricity is 

handled is probably much less evident.  

Some decades ago, the electricity system was based on thermal power plants and cogeneration, and 

on hydroelectric power plants – some run-of-river, others with dams. Short-term, seasonal and 

interannual variability of precipitation could always be compensated by the thermal power plants. 

Also, importing electricity (mainly from Spain) was always an option. However, in the last decades, and 

especially since 2010, introduction of more and more capacity from variable renewables – especially 

hydro, wind and solar – accompanied by the decommissioning of conventional thermal power plants, 

has been putting pressure on this strategy. It is remarkable that the utilities and technical system 

operator have been able to maintain quality of service without experiencing problems as serious as 

once feared, and in fact it was even possible at some strings of days to supply the country with 

renewable electricity only. Besides the technological improvements at control and scheduling, 

important contributors for this result were the geographical dispersion of wind turbines, their reaching 

at higher altitudes with more stable wind flows, and the large hydro storage capacity, including 

reversible hydro plants built meanwhile. More recently, the PV power plants have also shown a 

welcomed ability to produce some energy even during overcast and cloudy skies. Also, precipitation 

and solar radiation availability are mostly out of phase with each other, and this complementarity is 



    

                            9 
 

beneficial at daily as well as at seasonal time scales. In summary, the combined supply of renewable 

energy from various sources was less variable than could be naively expected, and storage and imports 

were enough to ensure stability of supply. 

Nevertheless, for very high levels of penetration of renewables, such as the 80% target in 2030 

endorsed by the NECP and EN-H2 (the scenario value is even higher), additional options should be 

available. The NECP proposes several for the horizon 2030, but the most important are: 

▪ wind and solar PV power plants with battery storage; 

▪ concentrated solar power plants (with thermal storage); 

▪ offshore wind parks; 

▪ additional reversible hydro power plants. 

An auction for renewable capacity at 24 august 2020 (MAAC, 2020) already selected solar PV projects 

with aggregated capacity of 483 MW installations, featuring on-site storage. CSP power plants are well 

developed in neighboring Spain, and Portugal also enjoys vast areas with high direct normal irradiation.  

The recent news about the Windfloat offshore wind project (EDP, 2021) are encouraging, with 

performance 45% above predictions, and much more stable production than expected. A study on 

storage commissioned by the Government (UL, 2020) indicated that the existing and under 

construction hydro storage is under-utilized (probably due to market failures) and can comply with 

daily and weekly weather variability under the NECP or EN-H2 scenarios. Therefore, it can be said that 

the NECP security of supply measures at all these four vectors, really seem feasible.  

Still, the NECP approach does not solve the problem of interannual variability of the climate, it requires 

imports during years of lower level of the hydro, wind and/or solar renewable resources. In principle, 

these imports are available, especially from Spanish coal and nuclear power plants, but as Spain also 

accelerates the pace of decarbonization and decommissions part of its nuclear fleet, past 2030 this is 

not so sure.   

More important yet, is that although the NECP strategy can lead the country to reach the desired 

national goals at 2030, it does not seem able to be pushed beyond this horizon to further increase 

renewable shares. In particular for electricity production, progress above around 85% renewable 

fraction would require the shutdown of all thermal power plants – endangering security of supply at 

all time scales. 

The EN-H2 solves these drawbacks of NECP by considering further dispatchable capacity from other 

renewable energy technologies, such as enhanced geothermal, but mainly by using a different strategy 

for thermal power plants. As mentioned before, decarbonizing gas supply with renewable hydrogen 

and renewable methane means that the thermal power plants can produce renewable electricity and 

need not be taken out of the national electric system. Together with large scale hydrogen and methane 

storage (possibly in salt caverns as done today with natural gas) this will enable to handle the problems 

of weather variability, for intra-annual as well as inter-annual time scales.  

The security of supply is further reinforced by considering more small scale PV systems with storage at 

buildings and energy communities, and by the possibility of, under exceptional circumstances, 

connecting to the national grid the PV and wind power plants dedicated to production of hydrogen 

and other RFNBO.  

 

 

 



    

                            10 
 

2.6. GHG emissions and CCUS 

CO2 emissions from the energy system in 2050 are projected to be less than 2% of 2005 emissions. This 

is achieved primarily through the combined effect of energy efficiency, renewable-based 

electrification, biofuel and hydrogen (that have no environmentally harmful GHG emissions), and of 

other RFNBO with low GHG emissions, mainly synthetic methane and jets.  

The environmentally harmful GHG emissions of these RFNBO can be modulated by carefully selecting 

the CO2 streams used in their manufacture. This CCU aspect stands more implicit than highlighted in 

EN-H2, nonetheless it is a technical necessity. In this context, capture of emissions from biomass based 

thermal power plants and boilers has the highest priority, as they have no implicit fossil content. 

Whereas emissions from fossil fuels or from non-energy processes (such as cement and lime 

manufacture) have the lowest ranking for CCU because they lead to just a transitory use of CO2, which 

will end up in the atmosphere anyway. The modelling shows that by about 2040 CO2 becomes more of 

an asset than a liability, because by that time there remain few large stationary sources of CO2 that 

can offer CCU paths for RFNBO fabrication. However, the current scenarios need not consider direct 

air capture of CO2 to achieve the desired reductions of GHG emissions from the energy system. 

As a result of this approach of EN-H2, the need for using carbon sinks – geological sequestration (CCS) 

or biological sequestration – is very reduced and achieving the country goal of carbon neutrality by 

2050 is facilitated. In conclusion, for Portugal, although some sectors like cement production may need 

to resort to CCS to reach their specific environmental targets (viz. under the ETS scheme), current 

national energy plans require CCU and possibly temporary storage of CO2 (e.g. in salt caverns such as 

it is done today for natural gas), but not CCS.  

 

2.7. Refreshed BASE scenario 

The first review of the present document follows an update of the BASE scenario with model 

JANUS 5.1, featuring a post-pandemic (Covid-19) refresh of economic perspectives, improvements to 

cogeneration approach, and a better detailing and accounting of biomass-related value chains. 

However, the differences to the original BASE scenario remained small at the level of national 

performance indicators.  

In the following sections, we present the most important numerical data for the refreshed BASE 

scenario. It is never out of place to recall that these data are for a scenario, results of a modelling that 

simplifies several aspects of the actual energy system, and possessing large uncertainty in their 

economic, social, and technological assumptions. Therefore, data on demand, capacity, production, 

etc., cannot be viewed as official forecasts to comply with. Furthermore, the energy targets and other 

indicators of performance of public policies such as EN-H2 (and NECP) are inspired by, but almost never 

coincide with, the numerical outputs of modelling exercises such as presented hereafter. 
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3. Main Drivers 

3.1. Demography 

 

 

 

 

 

3.2. Macroeconomy 
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3.3. Elasticity at energy demand relative to GDP 
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4. Final energy demand 

NB. Hydro and wind energy were not normalized by EU rules 

 

 

 

 

 

 

 

 

 

 

 

by sector PJ 2010 2015 2020 2025 2030 2035 2040 2045 2050

Agriculture, Forestry et al. 13.5 13.4 12.7 13.6 13.6 13.6 13.7 13.4 13.0

Fisheries 3.8 3.5 3.1 3.4 3.4 3.4 3.4 3.3 3.2

Construction and Public Works 9.5 5.9 5.5 6.1 6.1 6.1 6.1 6.0 5.8

Extractive Industry 5.6 4.4 2.8 3.0 3.0 3.0 3.0 3.0 3.0

Manufacturing industry 209.8 177.1 174.1 189.2 189.5 184.6 182.0 176.6 172.0

Residences 32.6 35.3 39.2 37.8 34.7 31.5 28.5 25.5 22.5

Services 109.6 113.0 113.5 124.4 123.8 122.6 122.0 122.0 122.0

Road transportation 242.9 214.9 218.1 211.2 205.3 179.4 131.0 95.5 89.1

Rail transportation 2.4 7.9 8.2 7.2 6.1 5.1 4.2 3.4 2.8

Domestic navigation 5.0 3.8 3.8 4.3 4.3 4.3 4.3 4.3 4.3

Internacional navigation 18.3 26.3 26.6 30.5 32.0 33.5 34.9 36.1 37.2

Domestic aviation 3.5 3.6 3.5 3.8 3.8 3.7 3.7 3.6 3.6

International aviation 34.7 41.4 44.2 54.7 58.1 61.3 64.2 66.8 68.8

Total 691.2 650.4 655.3 689.2 683.6 652.0 601.0 559.6 547.5

Non-energy products 69.8 56.5 29.8 23.7 20.2 18.4 17.4 16.9 16.1
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Non-energy materials 

 

Losses 
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5. Country performance indicators 

 

NB. Hydro and wind energy were not normalised by EU rules 

5.1. Gross final consumption of energy 
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5.2. Electricity 

 

 

5.3. Transports 

 

 

5.4. Heating & Cooling 

 

 

5.5. Non-energy products 
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6. Import/Export 
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7. Installed electrical power 
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8. Electricity production 
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9. Cogeneration heat 
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10. Network gases 

 

 

 

 

 

 



    

                            33 
 

 

 

 

 

 

 

 

 

 

 

 

 



    

                            34 
 

11. Hydrogen 
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Intermediate consumption 
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PJ 

 

 



    

                            37 
 

 

 

PJ 

 

 

TWh 

 

 

k ton PCS (HHV = 142 ton/GJ) 
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12. Biomass 
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13. Gasoil and Gasoline 
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14. Jets 

 

 

 

 

Net exports 
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15. Primary Energy Factors 

15.1. Electricity 

 

 

 

 



    

                            45 
 

 

 

 

 

 

 

 

 

 

 



    

                            46 
 

15.2. Network gases 
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15.3. Hydrogen 

 

 

15.4. Pellets & Briquettes 

 

 

 

 

N.B. for LPG only refination losses are assumed (1%), thus primary energy factor = 1,01 
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16. Greenhouse Gas Emissions 
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