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Introduction

• Sintef Industry
• Department: Sustainable Energy

• Group: Operation Research and Economics 

• We develop and provide actors in the private and 
public sectors with tools and methods to take rational 
and sustainable decisions. 
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Introduction

• EU requires a Resilient Energy Solution

• Increase of Renewable Generation (PV and Wind)

• Intermittency demands bulk energy storage solutions

• Batteries not viable in storing energy for more than one day

• No network in isolated micro-grids and off-grid remote areas 

• Hydrogen-based P2P storage viable solution compared to 
diesel generators
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Methodology

• Model HyOpt (hydrogen-energy system optimisation model)

• Programmed in Mosel language

• Xpress solver

• Optimisation model for a given case or load

• MILP including strategic and operational decisions

• Flexible time resolutions

• Used in a number of industry and research projects.
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Methodology

• Nodes: building block
• Production plants

• Markets

• Storage

• Transport

• Decision variables: strategic & operation variables

• Technical constraints depending on node

• Objective function: minimise NPV of the energy system
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Methodology

INPUTS:

• Load profile during operation period (e.g. yearly profile with hourly
resolution)

• Technology costs: CAPEX, OPEX, regeneration costs

• Renewable production profiles (wind, PV etc.)

• Other techno-economical inputs (production functions, efficiency, 
discount rate).
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Methodology

OUTPUTS:

• Investment decisions (technology capacity and its costs)

• System operation (hourly and yearly energy production, flows)

• Levelised cost of energy (LCOE) of the system

• CO2 emissions
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Application in EU project REMOTE

• "Remote area Energy supply with Multiple 
Options for integrated hydrogen-based 
TEchnologies"

• Island operation of renewable energy systems

• Duration: 4 years

• Project start: January 2018

• Sintef's role: local coordination, data analysis, 
business models and LCA

9



Application in EU project REMOTE
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Four demos:

• Demo 1 Ginostra (IT): diesel generators

• Demo 2 Agkistro (GR): connection to grid

• Demo 3 Ambornetti (IT): invasive grid 
connection or diesel generators

• Demo 4 Froan (NO): Replacement of sea 
cable Illustration: Politecnico di Torino



Application in EU project REMOTE
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Generic RES solution:

• Renewable sources: PV, Wind 
turbines, hydropower and 
biomass CHP generator.

• Li-ion battery

• P2P hydrogen storage
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Application in EU project REMOTE
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Different cases:

• Base case with sizing from previous deliverables

• HyOpt optimal solution with flexibility in chosing storage and 
renewable production capacity

• Optimal solution with only battery as storage



Results

13

0

200

400

600

800

1000

1200

1400

Wind turbines
(kW)

PV panels
(kWp)

Electrolyser
(kW)

H2 storage (kg) Fuel cell (kW) Batteries (kWh)

In
st

al
le

d 
ca

pa
ci

ty
 (k

W
,k

W
h,

 k
g)

Installed capacity Demo 4 Froan per case

Base case (min. 95% autonomy) HyOpt optimal (min. 95% autonomy)
HyOpt optimal (min. 98% autonomy) Only battery (min 95% autonomy)
Only battery (min. 98% autonomy)



Results
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Results
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Results
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Conclusions

• Renewable solution with hydrogen and batteries appropriate 
solution

• Hydrogen storage still expensive, but necessary in remote areas

• Solutions with larger loads (350-600MWh/year) present lower LCOE

• Fuel cell not used actively, but vital

• Only battery solutions larger LCOE (if large autonomy is expected) 

• Alternative solutions larger LCOE

• Increase income by selling hydrogen and by-products 
17
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Presentation Notes
Hydrogen and by-products: considered in future work packages: WP6 will explore the exploitation opportunities (in the market and research segments) for the range of stakeholders relevant to the REMOTE project: what to develop and expect in the coming 5-10-20 years after the end of the project. 	


A solution combining renewable energy generation, P2P energy storage and batteries is a viable way of efficiently deliver clean energy to remote micro-grids and represents an economic opportunity, since the costs of alternative solutions are generally larger. 
• The hydrogen P2P system is essential for being able to store energy over a long period of time (more than a few hours) and is vital for fully satisfying the energy demand in periods with low renewable energy production. Without P2P system the batteries need to be over dimensioned 
• The hydrogen P2P solution represents a lower levelized costs of energy (LCOE) than the alternatives based on grid connection or diesel generation. In addition, potential negative effects of CO2-emissions are avoided. 
• A hybrid solution with two energy storage options (hydrogen and battery) give the lowest LCOE in all demo cases if the hybrid system must cover 100% of the demand. 
• In case of lower requirements on autonomy, however, batteries are the most cost-efficient solution. 
• If only selling energy to the potential energy users is considered, the P2P hybrid solution is not profitable (but neither is the solution with only batteries or the alternative). 
• Economic viability is only one aspect concerning a RES-based solution for energy supply for micro-grids and /or remote areas. Just as important is reliability and autonomy of energy supply, along with environmental considerations. 
• The levelized costs of energy produced by the P2P system (LCOH2) is considerably larger than the overall LCOE, due to the low round trip efficiency of the equipment, high total costs 
7 
and the low utilisation of the hydrogen system. Using the P2P solution more actively and installing less batteries, would lower the costs. 
• Compared to batteries, the P2P system is best used in combination with renewables with intermittent generation that need energy storage during longer periods of time (several hours up to few days). 
• Large sites (like Ambornetti and Froan) using two sources of renewable energy generation result in the lowest LCOE of all demos since these are more flexible and provide a more stable energy supply. This is caused by the large base costs of the P2P solution, whose effect is minimised in these large demos. 
• Compared with results from previous deliverables, less battery is needed in the optimal investment and operation studied in this deliverable, since there is a large amount of curtailed RES available. The role of storage can be undertaken by the P2P storage without much importance of the low efficiency, since the energy is being curtailed anyway. 
• There exist possibilities to increase the potential income of the RES based P2P systems through use of curtailed energy and the local utilization of by-products, such as heat and oxygen. If additional hydrogen is sold, this would increase the utilization of the electrolyser and lower the costs. 





Future work

• Model used in other projects 

• Model documentation

• Scientific publication on HyOpt with application on REMOTE 

• Life Cycle Analysis in REMOTE

18

Presenter
Presentation Notes
The LCA will be conducted with the aim of giving insight into environmental impacts of a selected DEMO site with local RES exploitation compared to the fossil fuel alternative. It will provide an overview of the processes modelled, a life cycle emissions inventory (LCI), and the associated impacts (Life cycle impact assessment). The method will assess the potential environmental impacts in a holistic view, including direct impacts as well as supply chain impacts and it will ensure that climate change benefits as a result of reduced CO2 emissions and the potential offsetting effects from other stressors are being compared between the DEMO and the fossil fuel alternative. In this way, the overall health benefits from the DEMO can be assessed and stakeholder decisions can be made on a holistic and informed basis. The work will be carried out using LCA methodology based on the ISO standard 14044. LCA software, such as the SimaPro or Gabi software will be used to extract data from various databases with pre-existing life cycle inventory process data. Activities related to this analysis will involve collection of primary and site-specific data, provided in WP 2- WP4 and by manufacturers and facility technicians (whenever available, existing databases will be used and revised/updated). The results of the LCA will contribute to an analysis of the exploitation possibilities for the investigated DEMO (in WP6) and also an evaluation of its public acceptance. 	




• Miguel Muñoz Ortiz

• e-mail: miguel.ortiz@sintef.no

• Phone: +47 413 75 237

• Address: Richard Birkelands vei 3, 
7034 Trondheim, Norway

Contact
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Thank you for your attention!

Questions?

mailto:miguel.ortiz@sintef.no


Teknologi for et bedre samfunn
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