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Six dynamic schools work across cross-cutting research areas…

School of Arts, Design and 
Architecture 

School of Business

School of Chemical Engineering 

School of Electrical Engineering 

School of Engineering

School of Science 

….Energy connects across all schools –

over 70 professors in the field….
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Personnel profile

• 9 + 3 new TT professors in the “pipeline”

• 3 Professors of practice (+ 1 PoP on Wind power)

• 3 Lecturers

• 2 Senior Scientists + 2 Staff Scientists

• 14 Post-docs

• 43 Doctoral students

• In-house Master’s thesis students

• In total 110-120
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Our research group covers the energy value chain, from 

sustainable energy production and conversion, storage and end 

use. We have strong focus on energy markets and optimization 

in dynamic environments. 
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Key elements in energy transition



Power-to-X for replacing fossil raw materials
Safety, storage,
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Enabling green hydrogen 
economy – sufficient 
renewable and sustainable 
energy



Wind resource in Finland 



Stage of development Onshore 

MW

Offshore 

MW

Pre-screening 11 093 42 960

Land use plan started 16 489 1 400

Land use plan draft 2 581 0

EIA ongoing 18 938 10 792

Land use plan proposal 2 397 0

EIA done 2 271 900

Land use plan done 2 856 1 155

Permitted 3 069 400

Under construction 3 405 0

Totally new on the way 63 100 57 607

In production 2021 2 300 44

In production 2022 5 700 44

Predicted 31.12.2023 7 200 44

Status map of projects



Solar PV potential

Eetu Laitila, 2023

Aalto, Valorem

Preliminary QGIS based 

modeling study including 

sustainability aspects



Comments
• Significant increase in the share of renewables, especially wind 

energy in Finland. 

• There exists already 7.2 GW wind power by the end of 2023, and in 

overall there are 63 + 57 = 120 GW new wind power plants in the 

“pipeline”. Not all of these will rationalize.

• 2022 power consumption was ~88 TWh. To give a perspective, 

with 50 GW, we would be able to generate 0.05 TW × 8760 h × 0.35 

= 153 TWh.

• Decarbonization requires electrification that increase the power 

consumption by a factor of 2-3. 



• As comparison Germany/Finland: 

• Population 85/5.6 millions

• 64/7 GW wind power

• Area 360000/340000 km²

• We have great potential to make Finland a model country for 
the sustainable wind power development, very important for 
sustainability and biodiversity globally. This has direct link to 
climate aspects. 

• Based on IPBES and IPCC (2022), most climate actions have 
negative impacts on biodiversity but most biodiversity action 
have positive impacts on climate.



• What if 50-60 GW wind 

production drops to ~zero 

suddenly for weeks?

• Renewable LCoH should be 

lower than fossil product ~1.5 

€/kg, but still the RES projects 

should be paid back, are PPAs 

still going to work? 

• Cannibalization?

• What will future’s energy 

system and markets look like?



Production, storage 
and transportation of 
hydrogen.



Background

• Most, 95…98%, of the H2 is today made from natural gas by 

steam reforming, releasing CO2, CH4+2H2O↔CO2+4H2

• Green hydrogen requires cheap, renewable and sustainable 

electricity to compete with fossil H2

• Electrolysis is an extremely energy intensive process, and its 

efficiency is typically lower than 70%. If we then use a fuel cell 

(or combined GT cycle) to make electricity from H2, with 

efficiency of 60%, we will waste 58% of the precious renewable 

electricity to heat, heat recovery should be used then.

→ Maximal use of power as power!



Research highlights

Kinetic model selected for the basis of modelling has 

significant impact on Levelized cost of Methanol



Research highlights



Research highlights

CHP: Combined heat and power.

DA: Day-ahead market.

EH: Energy hub.

FC: Fuel cell.

HT: Hydrogen Tank

HRS: Hydrogen refueling station.

➢ The decisions in the DA market change in RM by regulation up/down actions to 

compensate for the forecasting error of the DA electricity loads.

➢ The HT is charged using the hydrogen released by the electrolyzer to refuel the 

HVs. The HT charges mostly during reasonable pricing hours.

➢ The existence of the HT resulted in proper refueling of the HVs in DA and 

compensating for the errors in the RT horizon.

➢ Due to the increase in the FC production to compensate for the RT demands 

error, the RT discharge of the HT is always higher than or equal to the DA values.

➢ The P2G is fed by electricity, when the electricity prices are lower than gas prices, 

while the decisions may change, paying attention to the difference of the RM and 

DA prices.
HV: Hydrogen Vehicle.

P2G: Power-to-gas.

RM: Regulation market.

RT: Real Time



Research highlights

P2H: Power-to-hydrogen 

H2P: Hydrogen-to-power 

EES: Electrical energy storage

➢ The paper studied the planning-operation actions of a real wind farm 

(Capacity: 700 MW). 

➢ Considering Gas/H2 network as Virtual Clean-H2 storage resulted in 

increasing the profit of Wind Farm by about 2,3 M€/year. 



Research highlights

➢ This paper mainly studied the feasibility of using Hybrid Renewable Energy 

Systems consisting of both PV panels and wind turbines in Finland. 

➢ Results show that even in Finland with a small amount of solar irradiation, 

considering PV decreases the investment cost required to supply the base 

load by roughly 91% than considering wind power alone! 

➢ Furthermore, the size of the storage shows that clean H2 is one of the few options 

to make carbon neutrality possible. (to be studied in more detail) 
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Research highlights



Utilization of hydrogen 
and its derivatives in 
energy field.



Background

• We should first prioritize use of H2 in sectors that are not 

possible to decarbonize in any other way, such as metallurgy, 

chemical industry, aviation.

• In energy sector we can use H2 as energy storage medium as 

such or convert it to methane, methanol, ammonia… to 

reduce volume and then use these with heat engines based 

on combustion or by fuel cell. 

• Even H2 + 0.5 O2 = H2O, the actual reaction mechanism is very 

complex, and if air is used, there can be significant thermal 

nitrogen oxides formation issues.



• Another problem is the slip of gases due to incomplete 

combustion, CH4, H2 are much worse GHGs than CO2! 

• Research and development for these new sustainable 

combustion technologies is in the core of our research.



Research highlights
Results from prof. 

Ville Vuorinen’s group



Designing energy systems 

within planetary boundaries  
- New textbook for game 

changers of energy transition Mika Järvinen and 

Hanna Paulomäki 

Education highlights



Mika Järvinen
mika.jarvinen@aalto.fi

+358 50 414 2593

mailto:mika.jarvinen@aalto.fi
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