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About ISGAN Casebooks 
ISGAN casebooks are meant as compendium documents to the global trends and discussion 

about smart grids. Each is factful information by the author(s) regarding a topic of 

international interest. They reflect works in progress in the development of smart grids in the 

different regions of the world. Their aim is not to communicate a final outcome or to advise 

decision-makers, but rather to lay the ground work for further research and analysis. 

Disclaimer 
This publication was prepared for International Smart Grid Action Network (ISGAN). ISGAN 

is organized as the Implementing Agreement for a Co-operative Programme on Smart Grids 

(ISGAN) and operates under a framework created by the International Energy Agency 

(IEA).The views, findings and opinions expressed herein do not necessarily state or reflect 

those of any of ISGANôs participants, any of their sponsoring governments or organizations, 

the IEA Secretariat, or any of its member countries. No warranty is expressed or implied, no 

legal liability or responsibility assumed for the accuracy, completeness, or usefulness of any 

information, apparatus, product, or process disclosed, and no representation made that its 

use would not infringe privately owned rights. Reference herein to any specific commercial 

product, process, or service by trade name, trademark, manufacturer, or otherwise does not 

necessarily constitute or imply its endorsement, recommendation, or favoring. 
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Nomenclature or List of Acronyms 
AGC Automatic Generation Control 

ASP Ancillary Service Provider 

BESS Battery Energy Storage Systems  

CHP Combined Heat and Power 

DR Demand Response 

DSO Distribution system operator 

ESS  Energy Storage Systems 

FEMS  Factory Energy Management System  

FIT  Feed-in Tariff 

HEMS Home Energy Management System 

IOT Internet of things 

PCS  Power Conditioning System 

REC Renewable Energy Certificate 

RPS Renewable Portfolio Standard 

SGSH Standard Grids Smart Homes 

SLA  Service Level Agreement 

SOC State Of Charge 

TSO Transmission System Operator 

USEF  Universal Smart Energy Framework 
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Preface 
The objective of Annex 2 is to assess outstanding examples of current case studies, develop 

and validate a common case study template and methodological framework, and then 

develop in-depth case studies using this framework. The template is currently the "casebook" 

to contain descriptive information. The common frame work for case studies will allow 

comparison and contrast of policies and technologies adopted in different regulatory, 

legislative, network (grid), and natural environments. The overarching aim is to collect  

sufficient information from the case studies around the world to extract lessons learned and 

best practices as well as foster future collaboration among participating countries.  

 

ISGAN Annex 2 participating coutnries have volunteered to offer information about on-going 

cases with an aim to share knowledge and strengthen cooperation between different 

stakeholders in terms of on smart grid project planning, implementation and management. 

Depending on the progress of the projects, some of the cases may only present outcomes or 

lessons learned of the projects partially. Therefore, some of the cases are anticipated to be 

updated on a regular basis as the projects progress to the next steps.  

 

This casebook reflects one way that ISGAN gather experts and stakeholders globally to 

increase the awareness of the energy storage system in the field of smart grid. In this stage, 

the casebook includes fourteen cases from seven different countries including Austria, 

Canada, France, India, Korea, Netherlands, and Sweden. It specifically focuses more on 

actual operation of ESS rather than looking at the test pilots in order to show its feasibility 

and usability in the real sites. Each case is meant to introduce the role of ESS in each 

system and to analyze with a special focus on economic benefits of ESS.  
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Abstract to Introduction 
Additional power system flexibility allows countries to reliably use more variable renewable 

energy in coordination with other clean energy sources, increase power system reliability and 

resilience to disruptions, improve system efficiency and performance, and reduce the 

investment needed for new and existing assets. 

 

The energy storage systems (ESS) is becoming more important in a smart grid because of 

its ability to provide reliability and flexibility to a smart grid. The variability of renewable 

energies and loads may negatively impact the stability and reliability of a smart grid, and ESS 

is one of the key solutions to address these challenges. ESS could store energy produced at 

one time for use at later and also provide stable voltage and frequency for a smart grid. It can 

be used as a core element of the demand side management by providing peak cut and peak 

shifting functionalities, too. In addition, ESS is utilized in wide areas including demand 

response, power generation business based on renewable energies, smart factory, smart city, 

and EV charge station.  

 

Increasingly, digital technologies are being employed to better track and dynamically manage 

electricity production, transmission, distribution and use ï a small part of the broader societal 

trend toward ñdigitalization.ò Energy storage systems are another emerging and potential 

source of power system flexibility and will likely play a pivotal role in next generation electric 

grids, acting as a flexible bridge between the needs of utilities (and other energy service 

providers) and their customers.  

 

Although energy storage systems, digital sensors and controls, and other smart grid-relevant 

technologies that improve power system flexibility are already being deployed globally, 

considerable research and development (R&D) is still needed for them to reach their full 

potential. 

 

Also, energy storage-as-a-service (ESaaS) is becoming a key service model. ESaaS simply 

refers to a combination of an advanced energy storage system, an energy management 

system, and a service contract which can deliver value to a business by providing reliable 

power more economically. The business model was initially developed by Constant Power, 

and it is being replicated elsewhere to generate steady returns for investors upon completion 

of an ESS project. With energy storage deals previously avoided by investors due to the 

complexity surrounding cash flow, new business models like ESaaS is a promising 

development to attract financing and further grow the industry. 

 

 

  

https://constantpower.ca/
https://www.pv-magazine.com/2018/03/23/energy-storage-as-a-service-the-hottest-game-in-town/
https://www.pv-magazine.com/2018/03/23/energy-storage-as-a-service-the-hottest-game-in-town/
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1. Austria: District heating storage Linz Mitte + possible 

extension with a seasonal storage for waste heat recovery  

Project Information 

Project Title District heating storage Linz Mitte (short term, existing) + possible extension with a 
seasonal storage for waste heat recovery (feasibility study) 

Location Linz, Austria 

Time Period of 
Project 

¶ Short term storage: Construction: April 2003 ï April 2004; Operation: since 2004 

¶ Seasonal storage: feasibility study: 2016-2017 

Funding  (Government) National funding by the 
Austrian Klima und Energiefonds - 
Seasonal storage feasibility study 

(Private Sector) Linz AG - Short term 
storage 

Participating 
organizations  

 

Short term storage:  

¶ Construction by Bilfinger VAM Anlagentechnik GmbH;  

¶ engineering: VA Tech Hydro;  

¶ final user: Linz AG 

Seasonal storage feasibility study:  

¶ Energieinstitut an der Johannes Kepler Universität (lead) 

¶ AIT Austrian Institute of Technology GmbH 

¶ Linz AG 

Link to Project 
Website 

Short term storage 

¶ https://www.linzag.at/portal/de/ueber_die_linzag/konzern/gesellschaften/linz_s
trom_gas_waerme_gmbh/energieerzeugung/fernheizkraftwerk_linz_mitte  

¶ http://www.vam.bilfinger.com/referenzen/apparate-behaelter-
tankbau/referenzen-waermespeicher/#gallery862  

Seasonal storage feasibility study 

¶ https://oesterreichsenergie.at/ueber-uns/oesterreichs-energie-forschung-
innovation/forschungsbericht-2017/forschungsprojekte-der-
mitgliedsunternehmen/waermespe.html 

¶ www.4dh.eu/images/1_20170913_Presentation_-_FDHS_Linz.pdf  

¶ www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-

2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B3_Pauli__Future_DH

_System_AIT_15_Nov_16_Pauli_V3.pdf   

¶ www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-

2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B4_Muser_GWS_Linz

_-_Muser.pdf   

¶ www.sciencedirect.com/science/article/pii/S036054421831257X  

¶ www.sciencedirect.com/science/article/pii/S0360544218313549 

Key Word (3-4) District heating network; thermal short term storage; combined heat and power; 
waste heat integration, multi-use seasonal storage 

 

Author Information 

Country Austria 

Contributor Ralf-Roman Schmidt 

Organization AIT 

E-mail  Ralf-Roman.Schmidt@ait.ac.at  

 

https://www.linzag.at/portal/de/ueber_die_linzag/konzern/gesellschaften/linz_strom_gas_waerme_gmbh/energieerzeugung/fernheizkraftwerk_linz_mitte
https://www.linzag.at/portal/de/ueber_die_linzag/konzern/gesellschaften/linz_strom_gas_waerme_gmbh/energieerzeugung/fernheizkraftwerk_linz_mitte
http://www.vam.bilfinger.com/referenzen/apparate-behaelter-tankbau/referenzen-waermespeicher/#gallery862
http://www.vam.bilfinger.com/referenzen/apparate-behaelter-tankbau/referenzen-waermespeicher/#gallery862
https://oesterreichsenergie.at/ueber-uns/oesterreichs-energie-forschung-innovation/forschungsbericht-2017/forschungsprojekte-der-mitgliedsunternehmen/waermespe.html
https://oesterreichsenergie.at/ueber-uns/oesterreichs-energie-forschung-innovation/forschungsbericht-2017/forschungsprojekte-der-mitgliedsunternehmen/waermespe.html
https://oesterreichsenergie.at/ueber-uns/oesterreichs-energie-forschung-innovation/forschungsbericht-2017/forschungsprojekte-der-mitgliedsunternehmen/waermespe.html
http://www.4dh.eu/images/1_20170913_Presentation_-_FDHS_Linz.pdf
http://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B3_Pauli__Future_DH_System_AIT_15_Nov_16_Pauli_V3.pdf
http://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B3_Pauli__Future_DH_System_AIT_15_Nov_16_Pauli_V3.pdf
http://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B3_Pauli__Future_DH_System_AIT_15_Nov_16_Pauli_V3.pdf
http://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B4_Muser_GWS_Linz_-_Muser.pdf
http://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B4_Muser_GWS_Linz_-_Muser.pdf
http://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B4_Muser_GWS_Linz_-_Muser.pdf
http://www.sciencedirect.com/science/article/pii/S036054421831257X
http://www.sciencedirect.com/science/article/pii/S0360544218313549
mailto:Ralf-Roman.Schmidt@ait.ac.at


 

Page 10/69 

1.1. Project Summary  

The city of Linz has about 192,000 inhabitants, it is characterized particularly by its large 

industry, were 72 % of final energy consumption is attributed to. The district heating (DH) 

network of Linz AG spans most of the city, around 59% of all apartments in the city are 

connected to the network. A total of around 1130 GWh/a heat is generated by all plants of 

Linz AG. The base load is covered by a waste incineration plant, supplying å 32 % of the 

heat. About 14 % is from a biomass CHP and approximately 47 % is generated by fossil 

CHP plants (combined-cycle plant using natural gas). The fossil peak load boilers generate 

about 7% of the total heat demand. The peak load heat demand in winter is about 500 MW 

and the summer minimum is around 30 MW.  

.  

For optimization of the DH network, especially with regards to CHP operation, a short term 

storage was installed in 2004, which one was at this time one of the largest in the world. 

Further on, significant potentials of industrial waste heat from a stell mill are available but 

cannot supplied to the Linz DH network during summer times due to the must-run condition 

of the waste incineration. As a consequence, 2016/2017 a feasibility study was done for 

integrating a large scale, i.e. a seasonal storage for shifting the summer excess heat to 

winter times. 

 

1.2. Objectives of the project 

Short term storage: The main objectives of installing the short term heat storage in the Linz 

DH network in 2004 were: 

¶ Supporting the operation of the gas fired CHP plants for optimizing their participation on 

the electricity market 

¶ Reducing peak loads in the DH network and thus reduce the use of fossil fired peak load 

boilers  

¶ Supporting a more stable operation of the waste incinerator (especially in summer times, 

were the heat demand can be lower than the heat supply.  

 

 
Figure 1:  short term thermal storage in the Linz DH network 

Source: https://www.linzag.at//media/dokumente/linzag/folder-kw-linzmitte.pdf 

Seasonal storage: the main objectives of the feasibility study for the seasonal storage are: 

¶ Analysing  the feasibility of integrating the existing waste heat potentials from a local stell 

mill via a seasonal heat storage 

https://www.linzag.at/media/dokumente/linzag/folder-kw-linzmitte.pdf
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¶ Optimization of the seasonal storage operation by integration with the CHP plant 

schedule (dispatching) and thus supporting the operation of the short term storage 

¶ Assessment of financing concepts and micro- and macroeconomic studies. 

 

Figure 2: possible construction principle for the seasonal thermal storage 
 Source: https://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-

2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B4_Muser_GWS_Linz_-_Muser.pdf 

 

1.3. Current status & results (outcomes) 

Short term storage: The storage has been installed in 2004, its technical data: Capacity: 

1,300 MWh (Tmin = 55°C, Tmax = 97°C), height: 65 m; volume: 35.000 m³; diameter: 26 m; 

overall weight: 900 t. The operation is ongoing since. About 10% of the heat supply for the 

DH networks can be attributed to discharging the storage. The positive effects of the short 

term storage can be seen in Figure 3.  

 

 
Figure 3: sorted load duration curve of the Linz DH network, positive effect of the short term storage 

Source: https://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-

2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B3_Pauli__Future_DH_System_AIT_15_Nov_16_Pauli_V3.pdf  

(translated) 

 

Seasonal storage: Within a pre-feasibility study, the following technical data of the storage 

have been identified: volume: 2,000,000 m³, capacity: 80 GWh; investment costs: about 100 

mil. ú.  
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https://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B4_Muser_GWS_Linz_-_Muser.pdf
https://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B4_Muser_GWS_Linz_-_Muser.pdf
https://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B3_Pauli__Future_DH_System_AIT_15_Nov_16_Pauli_V3.pdf
https://www.ait.ac.at/fileadmin/mc/energy/downloads/News_and_Events/2016-2017/2016_11_15_2.Praxis_und_Wissensforum_FWK/B3_Pauli__Future_DH_System_AIT_15_Nov_16_Pauli_V3.pdf
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Within the current feasibility study, different scenarios for the integration of the seasonal 

storage into the Linz DH network have been analysed. Since, the number of cycles is crucial 

for economic feasibility, two different charging/ discharging strategies has been investigated: 

The ñsimpleò charging strategy, where the storage is mainly charged in summer times using 

industrial waste heat and discharged in autumn/winter is resulting in utilization a 1.8-fold 

storage capacity. Revenues purely from the shift of summer heat to winter or transitional 

period, i.e. achieving a number of one or even two cycles is always economically inefficient. 

For the ñstrategicò operation strategy, fostering a much higher degree of short term 

charging/discharging and as a consequence enhancing the operation of the existing CHP 

plants and reducing the use of the peak load boiler, this value is increased to 4.4. As a result, 

a payback period for the seasonal storage of about 20 years1 can be achieved. On the 

ecological side, about ¼  of the energy in the Linz DH network can by supplied by waste heat 

if integrating a seasonal storage, substituting especially fossil fired CHP and peak boilers, 

resulting in up to 44% reduction of CO2 emissions, see Figure 4.  

 

 
Figure 4: load duration curve of the Linz DH network, top: status-quo, bottom: positive effect of the seasonal 

storage, FGC-HP = flue gas condensation heat pump; CHP: combined heat and power 

 

1.4. Barriers & obstacles 

Short term storage: No major barriers or obstacles. Short term heat storages in district 

heating networks are state-of-the-art and their utilization for supporting the participation of 

the CHP plants on the electricity market (CHP dispatch optimization) is widely done. 

                                                
 

 
1 The calculation does not include any subsidies from the European Union, federal, regional 

or local governments 
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Seasonal storage: for boosting its economic efficiency, using the seasonal storage for CHP 

dispatch optimization is crucial. However, various uncertainties apply, especially electricity 

prices, long term availability of the waste heat and CO2 market conditions. Together with the 

high investment costs of about 100 mil. Euro, the investment risk for the storage is very high 

in the particular case. However, smaller DH networks with lower network temperatures and 

lower investment costs have already proven to be realizable. 

 

1.5. Lessons learned & best practices 

Short term storage: The short term storage Linz Mitte is operated successfully since 2004 

and the operators are very satisfied. Especially with 

¶ Stabilizing the overall operation of the DH network, including some hydraulic balancing  

¶ Higher profits of the CHP plants on the electricity markets  

¶ Reducing the fossil fired peak load boiler  

 

Seasonal storage: Until now, no seasonal storage has been integrated in urban DH 

networks, thus no best practice can be described. 

 

1.6. Key regulations, legislations & guidelines 

Short term storage: The integration of thermal storages into district heating networks is not 

regulated in Austria. Linz AG is the heat supplier and network operator of the district heating 

network in Linz. So any new storage or heat supply option needs to consider only technical 

and economic conditions of the Linz AG (besides the usual building permissions and (if 

applicable) environmental compatibility test). 

 

Seasonal storage: The same aspects like above apply. However, for such large scale 

infrastructures as a seasonal storage, regulations with regards to ground water might limit 

the land use or make it more expensive. Also social acceptance could be an issue. 
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2. Austria: Power-to-Heat plants, Salzburg AG  
 

Project Information 

Project Title Power-to-Heat plants, Salzburg AG 

Location Salzburg, Austria 

Time Period of 
Project 

Currently: two (Power-to-Heat) p-t-h plants (each 15 MWel) are in operation at two 
location within Salzburg:  

¶ HKW-Mitte (since 2015) 

¶ HKW Nord (since 2016) 

Funding  (Government) N/A  (Private Sector) Salzburg AG  

Participating 
organizations  

¶ Salzburg AG (operator) 

¶ Construction company or technology provider is unknown  

Link to Project 
Website 

¶ https://eventmaker.at/uploads/4261/downloads/SCHULLER_Power2Heat_-
_Erste_Betriebs-_und_Einsatzerfahrungen.pdf?  

¶ https://eventmaker.at/uploads/10216/downloads/rainer.pdf?  

Key Word (3-4) District heating network; network as storage; power-to-heat 

 

Author Information 

Country Austria 

Contributor Ralf-Roman Schmidt 

Organization AIT 

E-mail  Ralf-Roman.Schmidt@ait.ac.at  

 

2.1. Project Summary  

The city of Salzburg is located next to the Prealps and has about 146,560 inhabitants. The 

district heating network of Salzburg (operated by Salzburg AG) supplies about 800 GWh, the 

installed capacity is about 400 MW based on CHP, heat only boilers and waste heat.  

 

The two power-to-heat plants in Salzburg converts excess electricity into heat. Each plant 

can take up power of up to 15 MWel and convert it into heat with virtually no loss. The 

resulting heat is fed into the Salzburg district heating network in the form of hot water.  

 
Figure 5: simplified diagram of the power-to-heat plant in Salzburg 

Source: https://eventmaker.at/uploads/4261/downloads/SCHULLER_Power2Heat_-_Erste_Betriebs-
_und_Einsatzerfahrungen.pdf? 

https://eventmaker.at/uploads/4261/downloads/SCHULLER_Power2Heat_-_Erste_Betriebs-_und_Einsatzerfahrungen.pdf?
https://eventmaker.at/uploads/4261/downloads/SCHULLER_Power2Heat_-_Erste_Betriebs-_und_Einsatzerfahrungen.pdf?
https://eventmaker.at/uploads/10216/downloads/rainer.pdf?
mailto:Ralf-Roman.Schmidt@ait.ac.at
https://eventmaker.at/uploads/4261/downloads/SCHULLER_Power2Heat_-_Erste_Betriebs-_und_Einsatzerfahrungen.pdf
https://eventmaker.at/uploads/4261/downloads/SCHULLER_Power2Heat_-_Erste_Betriebs-_und_Einsatzerfahrungen.pdf
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2.2. Objectives of the project 

The main targets for installing the p-t-h plants were: 

¶ Supply of CO2-free heat for the district heating network (decarbonization) 

¶ Participation at the balancing market  

¶ Utilization of negative electricity prices due to oversupply on the short term markets 

¶ Security of supply (n-1) in the district heating network 

2.3. Current status & results (outcomes) 

 

Table 1: basic data of the power-to-heat plants in Salzburg 

 Power2Heat Mitte Power2Heat Nord 

In operation since 2015 since 2016 

Capacity 0-15 MW 0-15 MW 

Power supply 10 kV (NE4) 6 kV (NE5) 

project (of wich planning) 13 month (6 month) 10 month (4 month) 

commissioning Jan. 2015 Jan. 2016 

Overall efficiency  rd. 98% rd. 99%  

 

Technology installed: 

¶ electrode boiler with 15 MWel capacity 

¶ Compact Installation 

¶ High efficiency, almost no losses 

¶ High load change velocity (>3MW/min) 

¶ No minimum load, infinitely variable 

 

Operational experience:  

¶ Small variable costs at the balancing markets (same 

conditions for tertiary and secondary)  

¶ Spot-market: until now, very low hours with low or negative 

electricity prices  

¶ Operation on the spot market is not competitive to CHP 

plants with district heating network 

 

 

Č Result: main operation on the negative, secondary balancing market  

Č Alternative: operation on the negative tertiary balancing market, if the bits to the 

secondary market are not accepted  

Č Further option: operation on the positive secondary balancing market in combination 

with CHP plants in times of high District heating demand 

 

2.4. Barriers & obstacles 

¶ Power2Heat is treated as final customer, resulting in high fees and taxes and thus 

reduces its economic feasibility 

¶ Electricity price per kilowatt is very low (except some peaks at holidays and special 

events)  

Figure 6. electrode boiler 
(source: VA Elektrokessel 
GmbH) 
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¶ One of the main barriers is the price development at the Austrian secondary balancing 

market. Due to the further developments on the demand and supply side, the overall 

costs of the balancing markets were decreasing significantly in the last years 

¶ Significantly increasing number of p-t-h pants and increased capacity due to more 

flexibile conditions for pre-qualification 

Č These factors are a major risk for existing and new power-to-heat plants in Austria! 

 
Figure 7: Development of the overall costs of the balancing markets 

 

2.5. Lessons learned & best practices 

Installation: simple and established technology, challenges for integration into the district 

heating network: 

¶ prognosis of heat production of the p2h units required for overall supply planning - 

consider the operation of CHP plants for optimizing the network fees 

¶ Maximum heat supply needs to be stored in the DH network at any time. Helpful is a DH 

storage for covering peaks (heat load flow to the storage needs to be hydraulically 

feasible) 

¶ Suitable dimensioning of the district heating networks for transporting the heat required 

 

Operation: stable operation on the secondary balancing market, especially considering 

some backup capacities in the Salzburg AG own balancing pool 

¶ Minimum reaction time and minimum capacity gradient. 

¶ Automated calls via the process computer 

 

Market: volatile, challenging 

¶ By trend decreasing revenues in the overall market 

¶ It is still possible to cover the marginal return 
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2.6. Key regulations, legislations & guidelines 

The integration of the p-t-h plants and the supply of heat to the district heating network is not 

regulated (Salzburg AG is the heat supplier, owner and operator of the district heating 

network in Salzburg) ï so any heat supply option needs to consider only technical and 

economic conditions of the Salzburg AG.  

 

For the participation in the balancing markets and the connection to the electricity grid, the 

relevant regulations apply. Special permission for the p-t-h plant were required (due to the 

generation of hydrogen and electrolytic gas during the electrolysis initiated as a side effect of 

the p-t-h process).  
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3. Canada: Markham Energy Storage Facility 
 

Project Information 

Project Title Markham Energy Storage Facility 

Location Markham, Ontario, Canada 

Time Period of Project ¶ Designing and Commissioning: January 2015 ï May 2018 

¶ Operational: May 2018 - Present 

Funding  (Government) N/A (Private Sector)  Hydrogenics and 
Enbridge Gas Distribution 

Participating 
organizations  

¶ Hydrogenics 

¶ Enbridge Gas Distribution 

¶ Independent Electricity System Operator 

Link to Project 
Website 

https://www.hydrogenics.com/2018/07/16/north-americas-first-multi-megaw
att-power-to-gas-facility-begins-operations/ 

Key Word (3-4) Power-to-Gas, Renewable Hydrogen, Regulation Services 

 

Author Information 

Country Canada 

Contributor Anjali Wadhera, Rob Harvey 

Organization Natural Resources Canada, Hydrogenics 

E-mail  anjali.wadhera@canada.ca, rharvey@hydrogenics.com 

 

3.1. Project Summary  

The Markham Energy Storage Facility is located in the Province of Ontario in the City of 

Markham at Enbridge Gas Distributionôs Technology and Operations Centre, and is the first 

multi-MW Power-to-Gas reference site in North America. The facility is jointly owned and 

operated by Enbridge, a multinational company who focuses on the transportation, 

distribution and generation of energy primarily in North America, and Hydrogenics, a 

developer and manufacturer of industrial and commercial hydrogen generation, hydrogen 

fuel cells and MW-scale energy storage solutions. This facility is under contract to provide 

regulation services with the Independent Electricity System Operator (IESO), a crown 

corporation which operates the electricity market and ensures the reliable operation of the 

grid in Ontario. The energy storage system (ESS) is connected to a 27.6 kV feeder with a 

total capacity of 2.1 MW, and is controlled remotely adjusting its output every 2 seconds 

under dispatch by the IESO. It has been in service since May 2018.  

 

Excess clean energy can be used by a water electrolyser to split oxygen, and hydrogen (also 

known as renewable hydrogen). Power-to-Gas is a unique solution to produce renewable 

hydrogen while providing ancillary services for the grid operator as shown in Figure 

8. Power-to-Gas does not fit the conventional battery energy storage system paradigm. 

Power-to-Gas is an ESS that acts like a load but converts excess energy into a fuel to be 

https://www.hydrogenics.com/2018/07/16/north-americas-first-multi-megawatt-power-to-gas-facility-begins-operations/
https://www.hydrogenics.com/2018/07/16/north-americas-first-multi-megawatt-power-to-gas-facility-begins-operations/
mailto:anjali.wadhera@canada.ca
mailto:rharvey@hydrogenics.com
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used for the various applications described by Figure 88.2 It is the only energy storage 

solution that can bridge the electricity sector with either the transportation sector or natural 

gas sector. The renewable hydrogen can be used to fuel zero-emission fuel cell electric 

vehicle fleets including commuter trains, buses and heavy mobility trucks, and can also 

produce renewable natural gas (either by direct injection into the natural gas grid or 

methanation).   

 
Figure 8: System overview 

 

3.2. Objectives of the project 

The IESO is responsible for managing a reliable power system for Ontario including planning 

for future energy needs. Beginning in 2014, the IESO opened a competitive procurement 

process with two consecutive phases to secure a total energy storage capacity of 34 MW for 

regulation services and voltage support.3 One of the objectives of this procurement was to 

learn firsthand about the capabilities of different energy storage technologies to deliver 

ancillary services for grid operations. The Markham Energy Storage Facility was awarded a 

contract for 2.1 MW of regulation service and was the only hydrogen Power-to-Gas 

technology contract awarded.  

 

From the perspective of the project developers, there are three core objectives for this 

project:  design and build a multi-MW Power-to-Gas reference site in North America using 

Hydrogenicsô large scale PEM electrolyser stacks, gain valuable operating experience for the 

provision of regulation services to the IESO as a contracted Ancillary Service Provider (ASP) 

in Ontario, and design the architecture for a 5 MW module to be the platform for future large-

scale commercial projects. 

                                                
 

 
2
 IESO, "IESO Report: Energy Storage," 2016. 

3
 IESO, "Energy Storage Procurement at the IESO," 17 January 2019. [Online]. Available: 

http://www.ieso.ca/en/Sector-Participants/Energy-Procurement-Programs-and-

Contracts/Energy-Storage. [Accessed 18 February 2019]. 
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3.3. Current status & results (outcomes) 

The Markham Energy Storage Facility has been designed, built, certified and commissioned. 

It has performed well in providing regulation services to the IESO. It has met and exceeded 

expectations as a reference site. Images of the facility and components are shown in ! 

    .9. 

 

 
Figure 9: Facility images 

 

Frequency Regulation is a service that acts to match total system generation to total system 

load (including transmission losses) and helps correct short-term variations in power system 

frequency that affect the stability of the power system. A Power-to-Gas facility provides 

frequency regulation by modulating the dynamic load of the electrolyserðthe power 

consumption is adjusted every 2 seconds over its entire operating range in response to an 

operator signal. Unlike a battery energy storage system which may at times be constrained 

by its state-of-charge, an electrolyser does not have any chemical operating restrictions and 

can be ñsetò at full load or minimum load or any other point within its operating range as long 

as is required. 

 

Figure  shows a sample of an actual IESO dispatch signal (also called an Automatic 

Generation Control (AGC) signal) from July 11, 2018 in blue and the Power-to-Gas facilityôs 

response in green. This graph shows how accurately the facility was able to support the 

regulation services. 

 

Twin 1.25MW Electrolyser Stacks  
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Figure 10: The Power-to-Gas facility output matching the IESO AGC signal exactly on July 11, 2018 

 

3.4. Barriers & obstacles 

One of the biggest barriers for this project was finding a suitable site. Prior to getting all of the 

requisite approvals of a site at Enbridgeôs Technology and Operations Centre, due diligence 

and a review process was carried out for two other prospective sites in succession. While all 

of the sites met the basic site criteria for access to power, water and the natural gas grid 

needed for the Power-to-Gas project, the review process to finalize the site took a lot longer 

than expected.  

 

Other obstacles faced are typical of those in a demonstration project. For example, the 

availability of engineering resources at Enbridge was limited at the start of the project 

because Enbridge was undertaking another large infrastructure project in Ontario. New 

suppliers were required for  balance of plant components such as custom stainless steel 

piping for hydrogen gas which took much longer for delivery than anticipated. Delays in the 

project schedule pushed the commissioning stage into the winter months with harsher 

weather conditions which also complicated the commissioning process. 

 

3.5. Lessons learned & best practices 

Engaging earlier with all stakeholders involved in the review process to finalize a site location 

including the local distribution company and municipal zoning, would have sped up the 

process. In addition, engaging with these stakeholders earlier would also have reduced or 

eliminated the amount of engineering re-work that was required.  

 

The installation of interconnections (in terms of piping and electrical) between components, 

and certifications from the Electrical Safety Authority, Canadian Standards Association and 

Technical Standards and Safety Authority (TSSA) for equipment in a building, were both an 

order of magnitude more complex and time consuming than other smaller scale projects. For 

smaller scale projects, the electrolyser stack(s) and balance of plant is a containerized 

solution where the equipment is built, installed and shipped in an ISO 40 foot container. The 

verification and certification of the equipment is done at the factory before it is shipped. In 

contrast with larger scale projects such as the Markham Energy Storage Facility, the 
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equipment is shipped in skids and then interconnected, tested, commissioned and certified in 

a building on-site. In future projects, it will be possible to standardize the equipment skids 

and speed up the certification process because of the experience with the Markham Energy 

Storage Facility building space constraints. A precedent is also set for future multi-MW scale 

projects to better inform certification of future commercial scale plants.  

 

This Power-to-Gas facility along with the other ESS providing regulation services to the IESO 

are registered ASPs in the province and must follow the same market rules and day ahead 

reporting requirements required by other large scale hydro and gas generation plants. This 

has given Hydrogenics excellent insights into how plants need to be operated to accurately 

and effectively provide grid services. 

 

Prior to the commissioning of the IESO Phase 1 energy storage facilities, the IESO released 

a technical report on the potential capabilities of energy storage: http://www.ieso.ca/-

/media/Files/IESO/Document-Library/energy-storage/IESO-Energy-Storage-Report_March-

2016.pdf?la=en. 

 

3.6. Key regulations, legislations & guidelines 

The Technical Standards and Safety Authority (TSSA) promotes and enforces public safety 

on behalf of the government of Ontario. TSSA is the chief regulatory body for hydrogen in the 

province and worked closely with Hydrogenics for the certification of hydrogen equipment 

and pressure vessels for the Markham Energy Storage Facility. Since this was the first-of-a-

kind multi-MW Power-to-Gas project in North America, TSSA broke new ground in the 

certification of this facility. 

 

Hydrogen safety is enforced via verification of compliance against the Canadian Hydrogen 

Installation Code (CHIC) that is approved by the Standards Council of Canada. CHIC was 

adopted by TSSA in August 2007. The Canadian Hydrogen Installation Code sets the 

installation requirements for hydrogen generating equipment, hydrogen-powered equipment, 

hydrogen dispensing equipment, hydrogen storage containers, hydrogen piping systems and 

their related accessories.4 

 

The 2nd edition of the CHIC (expected in 2020) will have a revised and expanded scope to 

take into lessons learned from both the use of the CHIC and global experience in the field 

with hydrogen technologies.  

 

 

 

 

 

 

                                                
 

 
4
 Bureau de normalisation du Québec, " Canadian Hydrogen Installation Code," [Online]. 

Available: https://www.bnq.qc.ca/en/standardization/hydrogen/canadian-hydrogen-
installation-code.html. [Accessed March 2019].4

  

http://www.ieso.ca/-/media/Files/IESO/Document-Library/energy-storage/IESO-Energy-Storage-Report_March-2016.pdf?la=en
http://www.ieso.ca/-/media/Files/IESO/Document-Library/energy-storage/IESO-Energy-Storage-Report_March-2016.pdf?la=en
http://www.ieso.ca/-/media/Files/IESO/Document-Library/energy-storage/IESO-Energy-Storage-Report_March-2016.pdf?la=en
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4. France: InterFlex 
 

Project Information 

Project Title InterFlex 

Location Europe (Demonstration projects are conducted in 5 EU Member States 
(Czech Republic, France, Germany, The Netherlands and Sweden). 

Time Period of Project 2017 - 2019 (3 years) 

Funding  (Government) European Commission: 17 Mú (Private Sector) 5,8 Mú 

Participating 
organizations  

¶ 5 major European electric power DSOs (Avacon, CEZ Distribuce, 
Enexis, E.ON, Enedis) and one gas DSO (GrDF) 

¶ 2 large-scale European retailers (EDF, ENGIE), 

¶ 2 major IT solution providers (GE Grid Solutions and Siemens) 

¶ 4 manufacturers of smart inverters and solutions for smart grids 
(Schneider Electric, Siemens, Fronius, Socomec) 

¶ 3 research centres (AIT, TNO, RWTH Aachen University)  

¶ A knowledge and innovation centre (ElaadNL)  

¶ A consulting company (Accenture) 

¶ SME (Trialog) 

Link to Project 
Website 

https://interflex-h2020.com/ 

Key Word (3-4) Flexibilities, DER, Storage, Electric vehicle 

 

Author Information 

Country France 

Contributor Christian Dumbs 

Organization Enedis 

E-mail  christian.dumbs@enedis.fr 

 

4.1. Project Summary  

 

 

 

In the framework of the biggest EU Research and Innovation programme, Horizon 2020, the 

smart grid project InterFlex has officially been launched on January 1st, 2017. During three 

https://interflex-h2020.com/
mailto:christian.dumbs@enedis.fr





























































































