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Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Question: 

On March 31, 2020, EGI filed an update to its Application and evidence.  Please set out, 
in a detailed list, what has changed since EGI filed its initial evidence on December 20, 
2019. 

Response: 

As explained in the cover letter dated March 31, 2020, Enbridge Gas updated its 
evidence to reflect changes to the routing for the Project. The cover letter is filed as 
Attachment 1 to this response. 

The routing change was made because after the initial evidence was filed Enbridge Gas 
acquired lands contiguous to the current Technology and Operations Centre (TOC). 
This allowed Enbridge Gas to select the Alternative Route identified in the 
Environmental Report (ER) for the pipeline. The changed route is shorter and will lower 
project costs and decrease disruption to stakeholders impacted by the Project. Details 
are provided at Exhibit C, Tab 1, Schedule 1, para. 17. 

The change in Project route resulted in updates to several exhibits. The specific 
Exhibits that were updated are listed in the March 31, 2020 cover letter. 
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Stephanie Allman
Regulatory Coordinator 

tel 416-495-5499 
EGIRegulatoryProceedings@enbridge.com 

Enbridge Gas Inc. 
500 Consumers Road 
North York, Ontario M2J 1P8 
Canada 

March 31, 2020 

VIA EMAIL and COURIER 

Ms. Christine Long 
Board Secretary 
Ontario Energy Board 
2300 Yonge Street, 27th Floor 
Toronto, ON M4P 1E4 

Dear Ms. Long: 

Re: Enbridge Gas Inc. (“Enbridge Gas”) 
Ontario Energy Board File:  EB-2019-0294 
Low Carbon Energy Project – Application and Evidence - Redacted 

Enclosed please find an updated redacted application and evidence for the Low Carbon 
Energy Project (Project). This updated application and evidence reflects changes to 
routing for the Project. The names of Individuals have been removed from the following 
Exhibits: 

• Exhibit C, Tab 1, Schedule 1, Attachment 2 – Updated Consultation Log 
• Exhibit C, Tab 1, Schedule 1, Attachment 4 – Stakeholder and Public 

Consultation Update 
• Exhibit C, Tab 1, Schedule 1, Attachment 7 – EA Report Amendment 
• Exhibit F, Tab 1, Schedule 1, Attachment 6 - Indigenous Consultation & 

Attachments 

The confidential unredacted exhibits will be provided to the Ontario Energy Board under 
separate cover. 

Please contact the undersigned if you have any questions. 

Yours truly, 

(Original Signed) 

Stephanie Allman 
Regulatory Coordinator 



   
  
    
    

 
  
 

 

  
   

   
 

 
 

 
 

 
 

 
 

    
  

  
 

 
 

 
 

  
 

   
    

   
 

 
   

  
       

     
 
 
 
 
 
 

Filed: 2020-06-
EB-2019-0294 

Exhibit I.CCC.2 
Page 1 of 1 

Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. A/T2/S1/p. 2 

Question: 

Please explain what EGI’s Technology and Operations Centre is and what functions are 
undertaken there. Is this facility part of EGI’s unregulated business and used to serve 
both businesses?  Who owns the property and any associated buildings? If it is used to 
serve both regulated and unregulated activities please provide the service level 
agreements related to the facility. 

Response: 

The Enbridge Gas Technology and Operations Centre (TOC) houses the Company’s 
utility operations functions that serve the Greater Toronto Area.  The TOC also serves 
as a technical training centre for safety and operations related functions.  The property 
the TOC is situated on and associated buildings are owned by Enbridge Gas Inc., apart 
from the hydrogen Power to Gas facility. 

There is an intercorporate services agreement between Enbridge Gas Inc. and 2562961 
Ontario Limited which includes leasing the portion of the TOC property upon which the 
Power to Gas facility resides to 2562961 Ontario Limited and the provision of 
Emergency Services by Enbridge Gas Inc.. A copy of the intercorporate services 
agreement and 4 related schedules are included as Attachment #1. 



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 1 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 2 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 3 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 4 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 5 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 6 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 7 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 8 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 9 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 10 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 11 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 12 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 13 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 14 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 15 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 16 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 17 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 18 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 19 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 20 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 21 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 22 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 23 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 24 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 25 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 26 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 27 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 28 of 29



Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.2, Attachment 1, Page 29 of 29



   
  
    
    
  
 

 

  
   

   
 

 
 

 
 

 
 

 
 

    
   

 
 

 
 

  
    

  
   

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.CCC.3 
Page 1 of 6 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. A/S2 

Question: 

Please set out a list of all potential risks associated with the Project, indicate who is 
expected to bear those risks and how EGI intends to mitigate those risks. 

Response: 

In the table below, Enbridge Gas sets out risks that it has identified as being relevant to 
the Project and indicates who bears the risks and how they may be mitigated.  Please 
note that there could be other risks associated with the Project, but the ones listed are 
the key items known to the Company at this time. 
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Risk Category Description of Risk Risk Bourne by
Whom? 

Potential Mitigants 

Safety Construction of a hydrogen blending facility 
and interconnection of that facility to the gas 
distribution system. 

Enbridge Gas • Application of appropriate technical 
standards. 

• Ongoing consultation with TSSA 
regarding the Project. 

• Use of Management of Change 
processes to establish design and 
operational standards. 

• Leverage safety credibility and culture. 
• Develop and employ hydrogen industry 

expertise. 
• Leverage Enbridge Gas’s experience in 

developing and maintaining a safe and 
reliable distribution system. 

• Use qualified construction and trade 
personnel. 

• Natural gas pipeline systems and 
hydrogen blending facilities are designed 
to the appropriate codes and standards 
including the Z662 code and other 
specific codes and standards as 
indicated at Exhibit B, Tab 1 Schedule 1, 
Attachment 1, page 19. 

Lack of public and other stakeholder 
awareness 

Enbridge Gas • Host open houses and community 
outreach initiatives. 

• Engagement with first responders, On 
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Call personnel, operational personnel. 
• Continue to build knowledge internally 

and externally via awareness training. 
• Update GIS systems. 
• Update company manuals to recognize 

the BGA, where appropriate. 

System malfunction resulting in hydrogen 
and/or blended gas loss. 

Enbridge Gas • Portions of the system that is 100% 
hydrogen will be operated and 
maintained by trained ticketed/certified 
hydrogen personnel. 

• Portions of the system conveying 
blended gas will have all applicable 
Enbridge Gas operational and safety 
processes applied. 

• Continuous dialogue between 2562961 
Ontario Ltd. and Enbridge Gas. 

• Mock safety exercises with all 
stakeholders 

• Emergency Operations Center inclusion 
• Existing district stations to remain 

operational, further increasing the 
flexibility in the area. 

Leaks Enbridge Gas • Perform leak detection proactively and 
increase leak survey frequency in first 5 
years of blending 
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• Establishing and continuing to evolve the 
leak detection and integrity management 
systems based on the above to establish 
the most appropriate and effective 
means of leak detection longer term 

• Undertake all leading safety indicator 
activities as would with natural gas 
assets 

• Amend leak detection procedures to 
identify the potential cross-sensitivity of 
certain detectors with hydrogen. Some 
currently employee leak detectors may 
be cross sensitive to hydrogen, meaning 
that they will indicate a leak at much 
lower levels of blended gas than the 
equivalent natural gas without the 
addition of hydrogen. 

Unintentionally supply blended gas to Non 
BGA customers 

Enbridge Gas • Introduce processes to ensure that 
events in the network are assessed in 
the context of hydrogen blending. 

• Introduce processes for customer 
additions, relocations, and 
reinforcements in the area to ensure that 
sensitive customers are not 
unintentionally supplied blended gas. 

• Educate all contractors working on the 
gas distribution system internally and 
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externally. 

Customer Equipment Enbridge Gas • BGA has been thoroughly examined and 
surveyed for types of appliances and 
customer types. 

• BGA does not include industrial 
customers. 

• Distribution assets are appropriate for 
hydrogen blending 

• Interchangeability analysis indicates that 
hydrogen concentration will not impact 
appliance performance. 

Supply Over supply of hydrogen for blending Enbridge Gas • The Project has been assessed based 
on a variable amount of hydrogen supply 
and not a fixed amount. Supply can 
range from 0% hydrogen by volume to a 
maximum of 2% hydrogen by volume. 

• Oversupply of hydrogen (i.e. supply of 
greater than 2%) has been mitigated by 
safety controls at the blended gas station 
including shut-off of hydrogen based on: 

o Metering of Hydrogen and 
Natural Gas 

o Gas Quality Monitoring 
o High Pressure Hydrogen 

Injection Outlet 
o 24/7 Monitoring 
o Manual Shutoff 



   
  
    
    
  
 

 

  
   

  
   

    
   

  
     

   
  

 
  

 

  
  

  
 

 
  

   
  

 

 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.CCC.3 
Page 6 of 6 

o H2 Leak Detection 
o Power Loss at site 

Financial Cost impact to ratepayers beyond the BGA 
and on immediate BGA rate payers 

Enbridge Gas • All rate payers including those in the 
BGA, will be kept whole as Enbridge Gas 
will pay to the hydrogen supplier 
(2562961 Ontario Ltd.) the same cost it 
pays for a unit of natural gas 

• Customers will use a small incremental 
amount of natural gas due to the 
difference in energy content  and will be 
compensated for this additional volume 
via a rate rider. 

LCEP Budget Enbridge Gas and 
Ratepayers 

• Route review undertaken and resulted in 
capital cost reductions. 

• Materials procured via pre-qualified 
vendors. 

• Long lead items kept to a minimum to 
ensure they can be procured in a timely 
and cost effective manner. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. A/T2/D1/p. 4 

Question: 

The evidence states that EGI expects to commence construction of the LCEP in the 
second quarter 2021. In addition, EGI has indicated that in order to meet the Project 
timelines approval is required as soon as possible and not later than November 2020. 
Has the COVID-19 pandemic had any impact on these dates?  If, so please explain 
what those impacts are and what is the newly expected timeline. What are the 
implications for the Project if approval is delayed beyond November 2020?  

Response: 

The COVID-19 pandemic has not had any impact on the Project timeline. 

Station Material procurement is the longest lead item with 22 weeks lead time. If Project 
approval is received by November 2020, station material is planned to be ordered by 
December 1, 2020 which would result in the station material delivery to site by May 4, 
2021 in line with the construction timeline of April 1, 2021 to August 31, 2021. 

A delay in Project approval would result in a delay in the material procurement and 
ultimately the proposed in-service date. 

A delay in Project approval beyond January 15, 2021 could result in increased Project 
cost and longer Project timeline due to the following: 

• Pipeline tie in and station commissioning may be delayed to beyond October 15, 
2021 when the weather is cooler and gas demand is higher. 

• Performing these activities in cooler weather will require additional risk mitigation 
action including installation of a temporary bypass to ensure that there will be no 
customer loss and that Enbridge Gas maintains its delivery commitments to its 
customers. 

• These additional requirements are not currently included in the Project cost 
estimate. 
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Plus Attachments 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. A/T2 

Question: 

Has EGI had any discussions with representatives of the Ontario Government regarding 
this Project?  If so, please describe the nature of those discussions and provide copies 
of any related correspondence.  Has EGI had any discussions with OEB Staff regarding 
this Project?  If so, please describe the nature of those discussions and provide copies 
of any related correspondence. 

Response: 

Enbridge Gas met with Board Staff in March of 2019 to discuss the Project and to 
explore if there was potential for the Project to be completed within the Board’s 
Innovation Sandbox. A copy of the presentation provided at that meeting is included as 
Attachment 1 to this response. 

Additionally, Enbridge Gas has discussed the Project with OEB Staff in the context of 
regular update meetings where the Company provides information about upcoming 
applications. Any information provided was consistent with what is set out in the 
prefiled evidence. 

In December of 2019 Enbridge Gas notified the Ministry of Energy, Northern 
Development and Mines (Ministry) that a leave to construct application would be filed for 
the Project. Prior to filing the leave to construct application Enbridge Gas provided the 
Ministry with some details related to the Project. A copy of the email provided to the 
Ministry is set out at Attachment 2 to this response. 

Note that the GHG reductions provided in Attachment 2 are incorrect. The correct value 
is 108 tCO2e per year for the entire BGA assuming each customer consumes 2,400 m³ 
per year. Please see the response to Exhibit I.STAFF.1 for detailed calculations. 



 

    

 

Low-Carbon Energy
Project 
Candidate Project for the Ontario Energy Board Innovation Sandbox 

Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.5 Attachment 1, Page 1 of 9

March 5, 2019 
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• The Low-Carbon Energy Project (LCEP) is a pilot project that will test the use 
of natural gas blended with hydrogen 

• Enbridge is seeking relief from Leave to Construct requirements 
• Introduce Board Staff to the LCEP 
• Determine if the LCEP is a good candidate for the Board’s Innovation 

Sandbox 
• Project description 
• Project benefits 
• Regulatory hurdles 

2 



  

 
        

      
     

          
   

 
         

      
        

   

    
       

     

Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.6, Attachment 1, Page 3 of 9

Introduction to Low-Carbon Energy Project 

• What is the Low-Carbon Energy Project? 
• Improves flexibility of pipelines to diversify low-carbon gas supply options 
• Demonstrating how electricity and natural gas networks can be interconnected for

improved operating results and lower energy consumer costs 
• Establishes new industry standards for the injection of new gas supply compositions 

• E.g. hydrogen as identified in federal and provincial emission compliance plans 

• Project Benefits 
• Gas supply diversity can lower energy costs – particularly over medium and long-term 
• Project results can better inform planning processes like Integrated Resource Planning 
• Example of energy innovation – may highlight new opportunities in regulatory process 
• Leveraging existing, resilient energy infrastructure 

• Low-carbon Energy Project is a candidate  for the OEB’s Innovation Sandbox 
• Project has high potential to provide benefits to natural gas and electricity stakeholders 
• Existing regulatory framework may have limits in assessing future operating flexibilities 3 
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Building Blocks of the Low-Carbon Energy Project
Validate the expected performance of the natural gas distribution system, 
and end-use appliances, when hydrogen is a component of the gas supply 

4 
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Background on P2G Hydrogen Supply for Project
Markham Energy Storage Project is currently providing power grid 
stability services (Frequency Control) to IESO 

Source Image: Two Hydrogenics 1.25 MW electrolyser stacks 
installed at Markham Energy Storage Facility 

• Demonstrating a more accurate, 
and faster, Regulation Service 

• Accuracy/speed may allow IESO 
to require less of this in future 

• Can produce up to 1,000 kg/day
of low-carbon hydrogen 

• Existing low-carbon supply for
controlled injection area 

• Expands LCEP Learning; creates
new intertie between power and 5 

pipeline grids 
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Proposed Controlled Hydrogen Injection Area
A controlled injection area is required to manage hydrogen concentrations 
in LCEP to compare against engineering forecasts  

6 
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Project Benefits to Consumers and Environment 

• Greenhouse gas emission reductions (inclusion of hydrogen in natural gas) 
• Federal and Provincial emission reduction plans are evaluating hydrogen as one type of

renewable energy content in natural gas pipelines 
• Future renewable natural gas (RNG) production technologies are expected to co-produce 

hydrogen with renewable methane 
• Demonstrating a new operating intertie between IESO controlled power grid and the 

wholesale natural gas network may lead to new solutions for surplus base load 
generation (SBG) and reduced curtailment of large hydro / wind generation 

• Use Ontario’s wealth of low-carbon power for its competitive advantage rather than export to 
competing markets 

• Further diversification of gas supply locally produced 
• Hydrogen blending has the potential to expand the viable supplies of renewable content 

for pipelines, and it is can be locally produced / sourced 
• Carbon compliance costs could be mitigated in the anticipated Clean Fuel Standard with 

more renewable content supply being available in the market 
7 
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Innovation Sandbox 

• Not clear how existing regulatory framework assesses capital investments to 
improve flexibility for pipeline operations and evolving gas supply compatibility 

• Existing regulatory process tends to assess electricity and natural gas 
infrastructure separately 

• The ability for the LCEP to leverage an existing hydrogen energy storage project as a supply 
source offers expanded learning for the gas utility, the OEB and the IESO 

• Aligns well with the Integrated Regional Planning goals which are evolving 

• Enbridge believes the Low-Carbon Energy Project is a candidate for Innovation 
Sandbox Stream 1 treatment 

• Partial isolation of Markham distribution system would require a Leave to Construct application 
• Cost is approximately $7 million 

• Project does not fit neatly into any Board policy 
• EBO 188 applies to system expansion projects 
• EBO 134 applies to transmission pipelines 

8 



  

   
     

   
     

  

    
      

   

            
     

 

    
     

       

    
      

       
   

   

    
     
     

  
  

     
       

   

    
    
     

  

Filed:  2020-06-15, EB-2019-0294, Exhibit I.CCC.6, Attachment 1, Page 9 of 9

Innovation Sandbox 
Low-Carbon Energy Project Candidacy for Innovation Sandbox 

1. Consumer Benefit and Protection: Sandbox projects must demonstrate 
a reasonable prospect of providing clear benefits to consumers, whether 
through long-term economic efficiencies, improvements in cost performance, 
enhancements to service or other forms. Projects must also demonstrate that 
there are sufficient safeguards in place to provide consumers with a 
reasonable degree of protection during the trial. 

2. Relevance: The project must relate to natural gas or electricity services in 
Ontario. 

Benefits include greening the gas grid and lower GHG emission costs 
(blended gas is locally produced and renewable), further diversification of gas 
supplies, load balancing for the electricity grid . 

The project is related to the natural gas distribution system and the electricity 
grid in Ontario. Highlights the potential for mutually beneficial connections 
between both energy systems. 

3. Innovation: The project must involve testing a new product, service or 
business model that is not widely in use in Ontario and is conducive to 
scaling, replication or serving as a potential model for others to adopt or 
deploy. 

Hydrogen blending is a new process not currently being used in Ontario for 
the purpose of displacing traditional gas supplies. Although it is used in 
Germany as a product blended with natural gas it is not currently offered in 
Ontario. Enbridge believes that the project is scalable and expandable to 
appropriate parts of the Ontario gas distribution grid once proven out in this 
sandbox initiative. 

4. Readiness: Upon submission of a proposal, the proponent must Enbridge is prepared to go live with the project once it is enabled to do so. demonstrate their preparation and readiness for testing their innovation in a This will also assist by proving out, and expediting, future processes with all live environment. Testing plans must be well developed and have clear stakeholders on hydrogen blending by having transparent and verified objectives and measures. The tools and resources required to enable information. Sandbox testing must be in place. 

5. True Regulatory Barrier (Stream 1): For projects seeking relief from a Current Regulatory framework requires leave to construct under E.B.O. 134specific regulatory requirement, proponents must articulate the regulatory or E.B.O. 188 requirement(s) that may be at issue for the project moving forward. 9 
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From: 
To:  (MNDM); "  (ENDM)" 
Cc: 
Subject: LTC for Power-to-Gas pilot project 
Date: Wednesday, December 18, 2019 4:15:00 PM 

, 

Enbridge is preparing to file Leave to Construct application tomorrow for the next phase on our 
Power to Gas facility in Markham. 

Below is an overview and some key points on the proposed project. 

Let me know if you have any questions. 

Overview 
· Enbridge Gas has an operational Power-to-Gas (“P2G”) plant in Markham at our Training 

and Operations Centre (“TOC”) which provides grid balancing services to the IESO.  It is also 
creating renewable hydrogen, which can be injected into the natural gas pipeline to blend 
with traditional natural gas. 

· Enbridge Gas is proposing to inject up to 2% by volume of hydrogen into a designated 
closed loop portion of the natural gas system adjacent to the facility in Markham.  Roughly 
3,600 homes are within the proposed project area and would receive natural gas blended 
with hydrogen.  Results from customer engagements (e.g. community open houses, surveys) 
indicate customer support and the City of Markham is also supportive. 

· In order to proceed with hydrogen blending, a small portion of pipe is required to connect 
the P2G facility with the distribution pipeline for that closed loop system.  This triggers a 
Leave to Construct (“LTC”), which will be filed with the OEB this week. 

Key Information 
1) It’s safe.  Hydrogen has been blended into the pipe in other jurisdictions over the last 

decade with successful outcomes.  In addition, Enbridge Gas has completed a thorough 
analysis of the safety of hydrogen blended into our system. There would be no changes in 
the reliability of the service in the blended gas areas. 

2) It’s clean.  The hydrogen produced has zero GHG emissions and by blending it into the 
natural gas stream, reduces the overall carbon intensity of the supply.  The average home 

that uses 2,400m3s per year would reduce their annual GHG emissions by 109 tCO2e. 

3) The cost is the same. The cost of the hydrogen would be charged at the standard cost of 
natural gas.  Given the density of hydrogen, customers may require a small incremental 
volume versus a natural gas only supply.  This small incremental amount will be spread out 
over the Enbridge Gas franchise area and therefore would equate to approximately 12 
pennies per year. 
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4) There are benefits for the electricity system. In addition to the critical grid balancing 
services already being provided, the P2G blending project would demonstrate the ability to 
re-purpose non-dispatchable electricity (converted into hydrogen) by storing and blending it 
into the existing natural gas grid.  This would also help in offsetting the need to build new 
capital infrastructure for energy storage, as the energy could be stored in the existing 
natural gas grid. 

5) Ontario will be a leader in North America.  The interest in hydrogen blending is picking up 
significantly, with several jurisdictions looking at building hydrogen P2G plants.  Given our 
P2G facility is already up and running, when this application moves ahead, it would be the 
first facility at this scale in North America to blend hydrogen into the natural gas stream. 

Government Affairs Strategist 
Public Affairs, Communications & Sustainability 
— 
ENBRIDGE INC. 
TEL: 416-495-6461 | CEL: 647-515-2776 
500 Consumers Rd., North York, ON M2J1P8 

enbridge.com 
Safety. Integrity. Respect. 

https://enbridge.com
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. B/T1/S1p. 1 and Ex. B/T1/S1/p. 16 

Question: 

The LCEP is a pilot project that will allow EGI to “green” a portion of the natural gas grid 
in Ontario.  Has EGI sought nay funding from the Provincial or Federal Government for 
this Project beyond that expected from Sustainable Development Technology Canada?  
If so, please describe the nature of the funding.  If not, please explain why not. 

Response: 

Please see Exhibit I.SEC.4. 
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Exhibit I.CCC.7 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. B/T1/S1/p. 2 

Question: 

The evidence states that EGI has consulted with the TSSA to introduce and provide 
information on the Project.  The TSSA has indicated that it will act as a technical 
reviewer on behalf of the OEB for the LTC if requested. Please explain what is meant by 
the term “technical reviewer”.  Please indicate what the roles and responsibilities would 
be if the TSSA becomes the technical reviewer. 

Response: 

The TSSA is responsible for enforcement activity related to the fuel safety code under 
which EGI operates (CSA Z662), therefore the design and installation of blended gas 
pipelines would be overseen by the TSSA. 

The TSSA’s authority is mandated as the technical authority through Ontario Regulation 
(O. Reg) 210/01 Oil and Gas Pipeline Systems and the FS 238-18 Oil and Gas Pipeline 
systems code adoption document which adopts the CSA Z662. The scope section of 
the CSA Z662 Oil and Gas Pipeline Systems states that it is applicable for pipeline 
systems that convey gas, such as Manufactured Gas (MG) and Synthetic Natural Gas 
(SNG), which have high hydrogen contents. These gases contain a mixture of hydrogen 
and carbon monoxide, with potential presence of methane and carbon dioxide. 
SNG/MG transportation in pipelines represents a harsher service condition when 
compared to traditional natural gas. 

SNG/MG covers a wide range of compositions that generally fall within the following 
limits: 

• 10 to 90% by volume hydrogen 
• 200 ppm to 90% by volume carbon monoxide 
• Balance – inert gasses, carbon dioxide, methane 

Although the CSA Z662 definition of “gas” does not explicitly cover blended gas, the 
design requirements for a SNG pipeline (which is covered by CSA Z662) would need to 
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be more stringent than those for the blended gas service. Enbridge Gas has taken the 
requirements for a SNG pipeline requirements into account (where applicable) for the 
new facilities required in this application. 

Initial consultation with the TSSA provided clarification that when there is a fuel 
installation outside of the current code, which also represents new technology, a Field 
Development Project may be required. This is a project-specific review by the TSSA for 
projects not specifically covered by existing Codes. Further engagement is expected 
with the TSSA on the exact mechanism required for the LCEP, given the Project’s 
unique nature.  Enbridge Gas will ensure that all necessary approvals are obtained from 
the TSSA before the Project is put into operation. 

Details about recent communications between Enbridge Gas and the TSSA are set out 
at Exhibit I.STAFF.10. 

Enbridge Gas understands that where an application is before the OEB, then the OEB 
can request that the TSSA act as a “technical reviewer”.  Enbridge Gas understands 
this to be a role where, on request, the TSSA can provide advice to the OEB in relation 
to whether applicable Code and similar requirements are being met in a project or 
project proposal.  The TSSA would determine the level and form of its involvement after 
the request is made. Enbridge Gas understands that the OEB has now asked the 
TSSA to provide a letter of comment on the Project. 

https://I.STAFF.10
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Exhibit I.CCC.8 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. B/T1/S1/p. 2 

Question: 

The evidence states that the Project will require isolation of a small portion of the 
distribution system, the BGA.  EGI will distribute blended natural gas to customers 
located in the BGA.  THE BGA is required to ensure that blended gas is not distributed 
broadly across EGI’s distribution network to an area not suitable for hydrogen blending. 
Please describe what constitutes and area “not suitable for hydrogen blending”. 

Response: 

Table 2 of Exhibit B, Tab 1, Schedule 1, Attachment 1, page 11, sets out the criteria 
used in the initial selection of the suitable closed loop system for the Project. Any 
customers, geographical locations or pipeline parameters outside of the criteria would 
be deemed not suitable for hydrogen blending for the initial stage of this project. 

In its review of suitable locations for the pilot LCEP, Enbridge Gas only assessed 
existing assets and approved materials for new construction in the proposed blended 
gas areas to confirm they are suitable for hydrogen blending. Areas “not suitable for 
hydrogen blending” refers to other networks that were out of scope for the completed 
study. Although other parts of the Enbridge Gas distribution system may be suitable for 
hydrogen blending, the Company will not determine that they are suitable until a 
network-specific study is completed to confirm this is the case. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. B/T1/S1/p. 2 

Question: 

Please explain why this type of project has not been done in other North American 
jurisdictions. 

Response: 

Enbridge Gas does not comment on the motivations and considerations that other North 
American jurisdictions might take into account when evaluating hydrogen blending with 
natural gas for distribution purposes.  As set out at Table 1 of Exhibit B, Tab 1, 
Schedule 1, there a number of hydrogen blending projects that have been initiated in 
Europe, and one utility-sponsored project has proceeded in California. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. B/T1/S1/p. 4 

Question: 

What is the commodity cost differential between the hydrogen gas technology proposed 
and traditional natural gas?  

Response: 

There is no cost differential between the renewable hydrogen that will be supplied to 
Enbridge Gas for the Project and traditional natural gas. As explained at Exhibit B, 
Tab 1, Schedule 1, pages 4 and 18, Enbridge Gas will procure hydrogen from 2562961 
Ontario Ltd. in a manner that keeps ratepayers cost-neutral. 

Please see the response to Exhibit I.STAFF.2 (d) and Exhibit I.STAFF.2 (f) for further 
detail. 

https://I.CCC.10
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Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. B/T1/S1/p. 5 

Question: 

Please provide an organizational chart setting out the relationships between Enbridge 
Gas Inc., Enbridge Inc., 2562961 Ontario Ltd., and Hydrogenics Corporation.  What 
Enbridge Inc.’s role in the Project? 

Response: 

The 2562961 Ontario Ltd. organizational chart can be found at Attachment 1 to this 
response. Enbridge Inc. has an ownership interest in 2562961 Ontario Ltd., but does 
not have any direct management role in the Project. 

https://I.CCC.11
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2562961 Ontario Ltd. Organizational Chart 

Enbridge Inc. 

== 

Enbridge Energy Great Lakes Basin 
Distribution Inc. Energy LP 

54.01% 45.99% 

2099634 Enbridge Gas Inc. Ontario Limited 
Hydrogenics 
Corporation* 

51% 

49% 

2562961 Ontario Ltd. 

*Enbridge Inc. and affliates have no interest in Hydrogenics Corporation 

Ownership is 100% unless otherwise noted 
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Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex. B/T1/S1/p. 14 

Question: 

EGI undertook a consultation and market research program in order to gauge customer 
attitudes and acceptance of blending hydrogen with natural gas.  What was the overall 
cost of the consultation and the market research?  How was it funded? 

Response: 

The overall cost of the consultation and the market research was $34,139.75 (without 
HST). The costs were funded through existing revenues and expensed to operating 
costs. 

https://34,139.75
https://I.CCC.12
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Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

Ex.  B/T1/S1/Attachment 1, p. 2 

Question: 

The evidence states that EGI has concluded that a closed loop within its distribution 
network is suitable for hydrogen blending.   The analyses leading to these conclusions 
were based on literature reviews, analytical modeling, risk assessments, field surveys, 
industry consultation, integrity consideration and engineering judgment. Please provide 
copies of the literature reviews and risk assessments. 

Response: 

Please refer to Exhibit I.H2GO.1. 

https://I.CCC.13
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Exhibit I.CCC.15 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Question: 

Given this is a pilot project, please explain how EGI intends to use the results of the 
pilot. Will the results ben made publicly available?  If not, will they not?  

Response: 

Enbridge Gas intends to use the results of the pilot project to inform future decisions 
with respect to the potential for blending hydrogen with natural gas in other parts of its 
gas distribution system. 

The Company will disclose this information where required in order to attain any 
required approvals for expansion of hydrogen blending to other parts of its system. 
Enbridge Gas notes that some or all of the information about the pilot project may be 
commercially sensitive and valuable to other players interested in commercializing 
hydrogen. In order to ensure that Enbridge Gas can retain the value of information and 
data collected through the pilot project, it may be necessary to seek confidential 
treatment of some or all of the information. 

https://I.CCC.15
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Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Question: 

Is EGI in the process of developing further LCEPs in its franchise area?  If so, please 
describe the work that is being undertaken. 

Response: 

As explained in Exhibit B, Tab 1, Schedule 1, pages 10-13, there is potential to expand 
the Project to include adjacent loops to the south and east of the “Loop S1” blended gas 
area (BGA) for the current Project. 

Enbridge Gas is not currently developing further LCEPs in its franchise area.  However, 
the Company will look to the potential for further LCEPs in the event that the pilot 
Project is successful and future conditions are favourable to the expanded use of 
hydrogen blending. 

https://I.CCC.16
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Consumers Council of Canada (CCC) 

INTERROGATORY 

Reference: 

EX. D/T1/S1 – Table 8 
EGI has set out in Table 8 the Estimated Project Costs: 

Question: 

a) Please set out in detail how these cost estimates were developed; 
b) For each of the items listed please provide a detailed budget; 
c) Please explain how EGI determined the level of Indirect Overheads allocated to this 

project and indicate if that allocation methodology differs from other projects; 
d) Does EGI typically include a 25% contingency for all direct capital costs?  Does EGI 

typically apply a 40% contingency for station material costs? 
e) What relief is EGI seeking from the OEB with respect to the Project Costs at this 

time?  

Response: 

a) The Project cost estimate is developed using a bottom up approach in alignment 
with internal Enbridge Gas best practices and used the standard 
approach/methodology for capital project Cost Estimating. Specifically, the Project 
team used semi-detailed rates, Preliminary Field Estimates, Contractor Courtesy 
Quotations, and High Level/Budgetary Estimates from Vendors along with subject 
matter experts’ input, and experience on past projects on the preliminary drawings of 
the selected pipeline route and station location for this Project. 

Contingency is added as a percentage to the total project and is reflective of the 
project risk associated with the development stage of the project. The contingency 
allowance is the amount of funds set aside to account for unquantified project costs, 
to cover known risks to the project (known-unknowns). To determine the amount of 
contingency assigned to the Project, a risk scorecard was used to evaluate this 
Project against typical project types at Enbridge Gas in terms of the risks to safely 
and consistently deliver projects on time and on budget, while attaining highest 
standards for safety, quality, customer satisfaction, environment and regulatory 
compliance. 

https://I.CCC.17
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At the time of application, this Project has a preliminary project definition and scope 
which include pipe size, materials, selected route of the proposed pipeline and 
station location. The Project was at the stage where topographical survey and 
environmental reports were available and general permit requirement is known. A 
preliminary schedule were developed based on Stakeholder Timelines (pipeline tie in 
and station commissioning tie in window, need for blended gas, etc.) and Third Party 
Restrictions (e.g. municipal requirements). 

Based on the project development stage and following the Company’s typical 
approach in determining the amount of contingency to capital project as described 
above, the Project team determined that 25% overall contingency is suitable for this 
Project. 

A 40% contingency is chosen for the station materials for the proposed Hydrogen 
Blending Station and Hydrogen Station only. The proposed hydrogen blending 
station is still in the planning and design stage with a preliminary scope and only 
some regulatory and permitting requirements known. Enbridge Gas’s expertise is in 
the design and operations requirements for natural gas facilities. The proposed 
hydrogen blending station and hydrogen station will be the first facility of its kind for 
Enbridge Gas. The Company is leveraging the knowledge and experience of 
external parties to complete the design. As Enbridge Gas progressesthrough the 
design process, the need for more specialized regulation, measurement, electrical, 
and controls equipment (beyond the typical equipment used for natural gas facilities) 
may be identified which will lead to additional costs that cannot be foreseen until the 
detailed design is complete. The Project team thus felt that it is prudent to include 
additional contingency to account for these known unknowns. 

b) The Project estimate is broken down to five categories as follows: 
• Construction: This includes the contractor costs for the installation of pipeline and 

stations and is based on the courtesy estimates of the preliminary drawings of the 
selected pipeline route and station location. 

• Materials: Pipeline materials includes costs of pipe, valves, fittings, and custom 
fittings. Station materials includes the costs of the design build contract for the 
Hydrogen Blending station compound and other stations required to support the 
blending activities. 

• Internal labour: This include costs of internal Enbridge Gas labour that is working 
directly on the project. 

• Outside Services: This includes all consultant costs for design and engineering 
services, pipeline testing, environmental assessment, legal, costs associated with 
OEB filing, etc. 

• Land and Permits: This component includes all cost associated with obtaining 
required permits for both pipeline and station installation. 

https://I.CCC.17
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The table below further separates the costs for the pipeline components and the 
station components and its respective contingency amount: 

Item 
No. 

1 

1a 
1b 

1c 

2 

2a 

Pipeline material 
Other stns material 

Hydrogen Blending stn and 
Hydrogen Stn design build

Description 

Material Costs (Pipeline & Station) 

Description 

25 % contingency applied 
25 % contingency applied 
 40 % contingency applied 

only to the station 
materials for Hydrogen 

Blending Stn and 
Hydrogen Station  of this 

vendor's quote 

Labour Costs (Pipeline & Station) 

Description 

Cost + 
Contingency 
$ 166,250 
$ 143,750 

$ 866,250 

$ 1,176,250 

Cost + 
Contingency 

% Cost + 
Cost Contingency 

Contingency Contingency 
$941,000* 25% $235,250 $1,176,250 

$1,284,000 25% $321,000 $1,605,000 

4 

2b 

3 

3a 

Pipeline labour cost 
Stations labour cost 

Overall External Permitting, 
Land, Environmental & 

Regulatory Costs 

25 % contingency applied 
25 % contingency applied 

External Permitting, Land, Environmental & Regulatory Costs 

Description 

25 % contingency applied 

Outside Services 

$ 1,183,750 
$ 421,250 
$ 1,605,000 

Cost + 
Contingency 

$ 25,000 

$20,000 25% $5,000 $25,000 

5 Direct Overheads 

5a Overall Direct Overheads 
SUBTOTAL 

6 Contingency Costs (rounded up to nearest $1000) 
7 Project Cost (including contingency) 
8 Indirect Overheads 
9 Interest During Construction 

10 Total Project Costs 

4a 

4b 

Outside services related to 
the design and installation 

of the pipeline 
Outside services related to 

the design of the station 

Description 

25 % contingency applied 

25 % contingency applied 

Description 

25 % contingency applied 

Cost + 
Contingency 

$ 895,000 

$ 56,250 

$ 951,250 
$105,000 

Cost + 
Contingency 
$ 131,250 

$2,170,000 

$778,000 
$3,889,000 
$1,260,395 
$82,870 
$5,232,265 

Legend material cost breakdown 
amount reported in EX. D/T1/S1 – Table 8 

$761,000 25% 

25% $26,250 

$777,750 

$190,250 $951,250 

$131,250 

$3,888,750 

https://I.CCC.17
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c) Indirect Overheads is calculated as a percentage based on the yearly spend of the 
Project. The annual percentage applied to the Project is provided by the Capital 
Financial Planning & Analysis group and based on the result of capitalization study. 
This allocation methodology is consistent with the other capital projects during the 
deferred rebasing term, including ICM projects. 

d) No. Please refer to part a), above. 

e) Enbridge Gas is seeking leave to construct approval, which typically includes a 
determination that the forecast costs are reasonable. Enbridge Gas is not seeking 
any specific other approval related to the project costs at this time. There will be no 
rate impact from the Project during the deferred rebasing term, because Enbridge 
Gas is not seeking ICM treatment.  The actual project costs, as reflected in updated 
rate base, will be included in the next rebasing application for 2024 rates and will be 
reflected in ESM calculations during the deferred rebasing term. 

https://I.CCC.17
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1 

Question: 

(a) Please elaborate on the purpose and need for this project, and hydrogen injection 
more generally, as it relates to mitigating the financial risks to fossil fuel consumers 
associated with climate change and the related shifts in energy use patterns. 

(b) Please provide a copy of all studies that Enbridge has commissioned or possesses 
that analyze the risk to natural gas consumers and natural gas markets associated 
with climate change, including the potential shifts in energy use patterns from market 
forces and/or government policy. 

(c) Please itemize and describe the financial risks to gas customers related to the 
potential changes in energy use patterns arising from climate change. 

(d) What percent of Ontario’s GHG emissions (CO2e) arise from natural gas? Please 
provide a response for the latest year available and as a five-year average. 

(e) What are the total annual GHG emissions (CO2e) arising from the consumption of 
natural gas in Ontario? Please provide a response for the latest year available and 
as a five-year average. 

(f) How much natural gas is consumed in Ontario in a year (m3 and GJ)? Please 
provide a response for the same periods as in (d). 

(g) Please estimate the total annual GHG emissions (CO2e) arising from the fugitive 
natural gas in Ontario? Please provide the answer on a best efforts basis with the 
information available to Enbridge. For example, if Enbridge can only speak to the 
fugitive emissions arising in its own facilities, please still provide this information. In 
this question, fugitive natural gas refers to any natural gas that is lost to the 
environment before reaching the customer’s equipment. 

(h) What are Canada’s GHG emission reduction targets? Please express the targets as 
total annual emissions (CO2e) for each year there is a target. 

(i) Please provide Ontario’s portion of Canada’s GHG emission reduction targets 
(CO2e). For the purpose of this answer, please assume that Ontario’s GHG 
emissions remain the same proportion of Canada’s GHG emissions as they are 
today. 

(j) Please complete the following table and provide a copy in Excel format: 
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GHG Reduction Targets and Associated Declines in GHGs from Natural Gas 
2019 (historic 
levels)1 

2020 … 2050 

Canada’s GHG 
Reduction 
Targets 
(CO2e)2 

Ontario’s 
Portion of 
Canada’s GHG 
Reduction 
Targets 
(CO2e)3 

Ontario GHGs 
From Natural 
Gas (business 
as usual) 
Ontario GHGs 
From Natural 
Gas (GHG 
target 
reduction 
scenario)4 

(k) Please provide a line chart illustrating the above table. 

Response: 

(a) The purpose of the project, as stated in the “Purpose & Need” section of the 
evidence is to provide valuable insight into the use of hydrogen as a method for 
decarbonizing the natural gas grid and provide a means through which the company 

1 If 2019 historic figure are not yet know, please start at 2018. 
2 For 2019 please use the actual historic figure. For each year for which there is a targeted level, please 
bold the figure. For years between figures, please calculate the trajectory of the targets on a straight-line 
basis. 
3 For 2019 please use the actual historic figure. For each year for which there is a targeted level, please 
bold the figure. For years between figures, please calculate the trajectory of the targets on a straight-line 
basis. Please assume that Ontario’s GHG emissions remain the same proportion of Canada’s GHG 
emissions as they are today. 
4 For the purpose of this answer, please assume that the GHG emissions from natural gas remain the 
same proportion of Ontario’s total GHG emissions as is the case today. 
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can begin to prepare for the requirements of the Clean Fuel Standard (CFS). 
At paragraph 24 of Exhibit B, Tab 1, Schedule 1, Enbridge Gas describes additional 
benefits from blending hydrogen into the natural gas grid. 

(b) In 2015, Enbridge Gas engaged ICF to undertake an analysis on the proposed Cap 
and Trade program and the potential of several GHG abatement opportunities.  The 
final report was submitted to the Ontario Energy Board on April 22, 2016 in the EB-
2016-0004 community expansion proceeding.   Additional reports produced as part 
of this engagement were filed on March 17, 2017 in EB-2016-0300 Cap-and-Trade 
proceeding. 

(c) Enbridge Gas recognizes that there may be some financial risk to customers related 
to potential changes in energy use patterns arising from climate change and related 
policies.  For example, customers may incur a financial impact through switching to 
other forms of energy such as electricity, both in the form of a cost to replace their 
existing equipment and potentially increased energy costs.  As mentioned in the 
response to a) above, the Company is pursuing projects such as the LCEP in order 
to allow customers to continue using natural gas and its related existing  
infrastructure in their homes, while lowering emissions and transitioning into a lower 
carbon future. 

(d) to (f)   Please see Attachment 1 to this response.  

g) In 2018, fugitive emissions from natural gas as reported in the 2020 National 
Inventory Report for Ontario were 960 kt CO2e. 

h) Canada’s GHG reduction targets are: 

• 2020: 17% reduction in emissions from 2005 levels, which results in a target 
GHG level of 607 Mt CO2e; 

• 2030: 30% reduction in emissions from 2005 levels, which results in a target 
GHG level of 511 Mt CO2e; and 

• 2050: net-zero emissions5. 

i) The federal government has not published province specific targets to meet their 
GHG reduction target, however the Ontario government has set a GHG reduction 
target for 2030, which is a 30% reduction in emissions from 2005 levels, which 
results in a target GHG level of 143 Mt CO2e. 

5 The government of Canada has announced intentions to develop a plan to achieve net-zero emissions 
by 2050, including setting 5-year emission reduction milestones, however to date, Enbridge Gas is not 
aware that this plan, or a 2050 emissions target level, have been published. 
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j) and (k) Please see the requested table below. 

A line chart has not been provided as Enbridge Gas considered there to be 
insufficient data points. 

GHG Reduction Targets and Associated Declines in GHGs from Natural Gas 
2018 

(historic 
levels) 

2020 Target 2030 Target 2050 
Target6 

Canada’s GHG Emissions (CO2e) 716 Mt CO2e 607 Mt CO2e 511 Mt CO2e7 

Ontario’s GHG Emissions (CO2e) 159 Mt CO2e 143 Mt CO2e8 

Ontario GHGs From Natural Gas 
(business as usual) 

50.4 Mt CO2e 

Ontario GHGs From Natural Gas 
(GHG target reduction scenario) 

42.9 Mt CO2e9 

6 The government of Canada has announced intentions to develop a plan to achieve net-zero emissions 
by 2050, including setting 5-year emission reduction milestones, however to date, Enbridge Gas is not 
aware that this plan, or a 2050 emissions target level, have been published. 
7 2020, Environment and Climate Change Canada, PROGRESS TOWARDS CANADA'S GREENHOUSE 
GAS EMISSIONS REDUCTION TARGET 
8 2018, Ministry of Environment, Conservation and Parks, A Made-in-Ontario Environment Plan 
9 No GHG reduction target has been specified for natural gas. The value provided assumes natural gas 
contributes approximately 30% of Ontario’s total GHG emissions and was calculated as 30% of the 143 
Mt CO2e target. 

https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/progress-towards-canada-greenhouse-gas-reduction-target/2020/progress-ghg-emissions-reduction-target.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/cesindicators/progress-towards-canada-greenhouse-gas-reduction-target/2020/progress-ghg-emissions-reduction-target.pdf
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Year 2015 2016 2017 2018 2019 Average 

Natural Gas Consumed (m3/yr)1 24,183,965,000 23,772,594,000 26,881,340,000 30,722,126,000 26,390,006,250 

Natural Gas Consumed (GJ/yr)1 922,198,700 907,602,700 1,027,615,600 1,175,638,400 1,008,263,850 

Emissions from Natural Gas Combustion (kt CO2e/yr)2 45,321 44,550 50,376 57,573 49,455 

Ontario GHG Emissions (kt CO2e/yr)3 163,000 160,000 155,000 165,000 160,750 
Percent of Emissions from Natural Gas (%) 28% 29% 31% 29% 

Notes: 
1) Consumption data aggregated from Statistics Canada, Canadian Monthly Natural Gas Distribution, Table 25-10-0059-01, downloaded on June 10,2020. 
2) Based on a natural gas emission factor of (tCO2e/m3): 0.001874 
3) Environment and Climate Change Canada, 2020 National Inventory Report. GHG Emission Summary for Ontario, Table A11-12. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 3 

Preamble: 

Enbridge states that: “Enbridge Gas estimates that, for the BGA, GHG emission 
reductions can range from approximately 98 tons carbon dioxide equivalent (tCO2e) to 
117 tCO2e per year.” 

Question: 

(a) Why does Enbridge estimate a range of forecast GHG emission reductions? 
(b) Does Enbridge assume that the GHG emissions associated with the hydrogen to be 

used in this project are zero? If yes, please explain. 
(c) Please provide a table showing the hours during which the power-to-gas facility 

operated in 2019. For each of those hours, please indicate the percent of Ontario’s 
power generation provide by gas-fired generation. Please provide this information in 
a table. 

(d) Please calculate the carbon intensity of the power consumed in 2562961 Ontario 
Ltd.’s power-to-gas facility in 2019 and provide a forecast for 2021 to 2025. Please 
also provide the total GHG emissions associated with that power for each year. 

Please answer the questions on a best-efforts basis and with any caveats as necessary. 
If a portion of the historic data or forecast is impossible to provide, please explain why 
and answer the question over as long a time period as possible. If certain parts of the 
answer cannot be estimated, please explain why and provide as much of the table as 
possible. Please make assumptions as necessary and state all assumptions. 

Response: 

a) Please see Exhibit I.Staff.1. 

b) Enbridge assumes that hydrogen when combusted by natural gas customers 
produces zero GHG emissions as it is a zero carbon fuel. 
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c) Please see the table below. 

Month Hours of 
Operation 

Percent of 
Gas-fired 

generation1 

Jan 702.8 7% 
Feb 572.6 10% 
March 644.3 10% 
April 323.6 4% 
May 353.21 3% 
June 400.6 2% 
July 547 11% 
August 587.9 7% 
September 450.45 4% 
October 419.14 3% 
November 423.7 7% 
December 431 6% 

d) Enbridge Gas has not calculated the carbon intensity of power consumed at the 
Power to Gas facility for the requested time periods, nor the GHG emissions 
associated with that power, as a methodology to calculate the lifecycle carbon 
intensity of hydrogen or project specific power supplies under the Clean Fuel 
Standard has yet to be released. The Power to Gas facility has been contracted 
by the IESO to provide frequency regulation to support Ontario’s electricity 
system, and as such Enbridge Gas is not able to say definitively that the Power 
to Gas plant represents an incremental load where the average electrical grid 
carbon intensity may be assumed. 

1 IESO, 2020, Generator Output by Fuel Type Monthly Report 

http://reports.ieso.ca/public/GenOutputbyFuelMonthly/PUB_GenOutputbyFuelMonthly_2019.xml
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, p. 1 

Preamble: 

Enbridge states as follows: “When combusted, hydrogen is a zero carbon emission fuel 
source.” 

Question: 

(a) What is the carbon intensity of electricity generation in Ontario (CO2e/kWh)? Please 
provide a forecast of this for each year from now until 2040 (the period covered by 
the IESO’ annual planning outlook). 

(b) Please provide a forecast of the carbon intensity of hydrogen created in Ontario 
through power-to-gas from now until 2040 based on the forecast carbon intensity of 
electricity and the amount of electricity required to produce hydrogen. Please make 
assumptions as necessary and please state all assumptions. Please provide the 
response separately per GJ and m3 of hydrogen. Please also include a row stating 
the carbon intensity of hydrogen as a % of the carbon intensity of natural gas of the 
same heating value. 

(c) How much electricity (kWh) is required to produce (i) a m3 of hydrogen and (ii) a GJ 
of hydrogen. If they differ, please provide the figures for Enbridge’s power-to-gas 
plant and for the industry average. 

(d) Please provide the following conversion rates and figures: (i) m3 of natural gas to 
m3 of hydrogen of the same hearing value, (ii) m3 of natural gas to GJ of natural 
gas, (iii) m3 of hydrogen to GJ of hydrogen, (iv) CO2e per m3 of natural gas, (v) 
CO2e per GJ of natural gas, and (iv) kg of hydrogen to GJ of hydrogen. 

Response: 

(a) The carbon intensity of electricity generation in Ontario was 30 g CO2e/kWh in 2018, 
which is the most recent year for which data is available in the federal National 
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Inventory Report.1 The forecast carbon intensity for Ontario, based on IESO’s 
Annual Planning Outlook for 2020 to 2040 is shown in Attachment 1. 

(b) Enbridge Gas cannot provide the information requested. Please refer to 
Exhibit I.ED.2(d).  

(c) An average of 4.4 kWh is required to produce 1 m3 of hydrogen, and an average of 
346 kwh is required to produce 1 GJ of hydrogen. 

(d) The requested conversion rates are shown below. 

i. m3 of natural gas to m3 of hydrogen: multiple of the ratio of the density of NG 
to H2, i.e.: ~ 7.85:1 

ii. m3 of natural gas to GJ of natural gas: ~ 0.0385 GJ per m3 natural gas 
iii. m3 of hydrogen to GJ of hydrogen: ~ 0.0127 GJ per m3 hydrogen 
iv. CO2e per m3 of natural gas: 0.001874 tCO2e per m3 natural gas 
v. kg of hydrogen to GJ of hydrogen. ~0.1335 GJ hydrogen per kg of hydrogen 

1 National Inventory Report 1990 – 2018: Greenhouse Gas Sources and Sinks in Canada, Part 3, Table 
A13-7 
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Forecast Carbon Intensity for Electricity Generation in Ontario based on IESO Annual Planning Outlook January 2020 

Scenario 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 
Carbon intensity - reference case (g CO2e/kWh) 35.02 31.31 36.01 56.96 55.08 73.64 70.71 66.36 71.43 66.58 70.15 76.49 70.68 68.78 70.57 68.01 69.97 76.52 76.26 82.00 79.69 
Carbon intensity - energy efficiency case (g CO2e/kWh) 35.02 30.72 34.13 54.05 50.40 69.23 65.16 60.77 64.30 59.59 62.09 69.21 63.52 61.64 63.50 60.46 63.17 70.41 70.22 75.93 73.31 

Notes: 
1. Carbon intensity in gCO2e/kWh is calculated as the GHG emissions (MT CO2e) divided by production (TWh).  Production numbers include exports, but does not include imports. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, p. 1 

Preamble: 

Enbridge states as follows: “When combusted, hydrogen is a zero carbon emission fuel 
source.” 

Question: 

(a) What is the carbon intensity of hydrogen created through natural gas reforming? 
Please make assumptions as necessary and please state all assumptions. Please 
provide the response separately per GJ and m3 of hydrogen. Please also include a 
row stating the carbon intensity of hydrogen (from natural gas reforming) as a % of 
the carbon intensity of natural gas of the same heating value. 

(b) How much natural gas is required to produce (i) a m3 of hydrogen and (ii) a GJ of 
hydrogen through natural gas reforming. 

(c) Approximately what percent of the hydrogen produced in Canada is created via 
natural gas reforming? 

(d) Approximately what percent of the hydrogen produced in the United States is 
created via natural gas reforming? 

(e) Is there an overall GHG reduction benefit associated with injecting hydrogen into the 
natural gas stream if that hydrogen was created with natural gas reforming? Please 
explain and quantify the answer. 

(f) Is there an overall GHG reduction benefit associated with injecting hydrogen into the 
natural gas stream if that hydrogen was created with any method other than power 
to gas from a low-carbon electricity source? Please explain and quantify the answer. 

(g) If Enbridge were to expand hydrogen injection beyond this pilot project would it 
consider including hydrogen created via natural gas reforming? 

Response: 

The LCEP as proposed by Enbridge Gas in this application does not contemplate the 
use of hydrogen produced by natural gas reforming.  The LCEP will be supplied with 
hydrogen created through electrolysis only. Enbridge Gas has no plans to introduce 



   
  
    
    
  
 

 

   
  

 

Filed: 2020-06-15 
EB-2019-0294 
Exhibit I.ED.4 

Page 2 of 2 

hydrogen made through natural gas reforming. As such, the information requested in 
this interrogatory is not relevant to the Company’s LCEP application and will not be 
provided. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1 

Question: 

(a) Please explain how Enbridge anticipates the Clean Fuel Standard will apply to its 
natural gas operations in Ontario and natural gas consumers in Ontario. 

(b) Will the Clean Fuel Standard create a financial incentive to reduce the carbon 
intensity of natural gas? If yes, will that incentive accrue to consumers, supplies, 
both, or other? How much is this incentive expected to be worth per m3 of hydrogen 
or per avoided carbon emissions (CO2e)? 

(c) Does Enbridge anticipate that the Canada’s Clean Fuel Standard will require 
Enbridge to reduce the carbon intensity of the fuel in its system? 

(d) Please itemize and describe the other measures that Enbridge is considering as a 
response to the Clean Fuel Standards. 

Response: 

(a) to (c) Please refer to Exhibit I.STAFF.2(h) and Exhibit I.H2Go.2(e). Enbridge Gas 
cannot estimate the dollar value (as an incentive or compliance cost) associated with 
CFS credits generated from hydrogen production and distribution as the CFS credit 
market does not yet exist. 

(d) Enbridge Gas has not developed a plan for CFS compliance, however the Company 
anticipates that hydrogen blending, along with renewable natural gas and 
compressed natural gas vehicles will be utilized as means to address the 
requirements of the CFS in the near term. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, p. 15-18 

Preamble: 

Enbridge states at page 17 of the reference: 

“To support this pilot project, Enbridge Gas has arranged to procure hydrogen 
from 2562961 Ontario Ltd. in a manner that keeps ratepayers cost-neutral. This 
treatment would apply to the hydrogen supply for the BGA until rebasing or until 
such earlier time that a different treatment is appropriate based on future 
developments; for example, the implementation of a CFS.” 

Question: 

(a) Please estimate the cost per m3 and GJ of hydrogen produced by 2562961 Ontario 
Ltd. 

(b) Please explain the relationships between 2562961 Ontario Ltd, Hydgrogenics 
Corporation, the IESO, and Enbridge. Please provide all contracts between any of 
those parties relating to this pilot project or the power-to-gas plant. 

(c) How much does 2562961 Ontario Ltd pay for electricity and how much is it forecast 
to pay for electricity over the next 10 years? 

(d) Will the provision of hydrogen at the rates proposed by Enbridge result in losses or 
profits for any of the entities described in (b)? Please explain and estimate the 
quantum of any losses or profits. 

(e) Please provide a table showing Ontario’s annual surplus electricity (kWh), historic 
and forecast, from 2010 to 2040. 

(f) Hydrogen is less expensive if generated with surplus power. What is the hydrogen 
generation potential from surplus power between now and 2040 (m3 and GJ)? 

(g) Please provide a best estimate of the cost at which hydrogen can currently be 
produced in Ontario (per m3 and GJ) via power-to-gas. Please include and 
separately itemize the cost of electricity and the cost of converting electricity to 
hydrogen. Please make all assumptions as necessary and state all assumptions. 

(h) If technological advancements are expected, please provide a best estimate of the 
cost at which hydrogen could be produced in Ontario in 2030 (per m3 and GJ) via 
power to gas. Please include and separately itemize the cost of electricity and the 
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cost of converting electricity to hydrogen. Please discuss and provide a qualitative 
answer if a quantitative one is not possible. 

(i) What is the going market rate for hydrogen in Ontario (per m3 and GJ)? If a single 
rate cannot be provided, please provide a range and some examples. 

(j) What is the going market rate for hydrogen in Ontario (per m3 and GJ) created from 
power-to-gas? If a single rate cannot be provided, please provide a range and some 
examples. 

(k) What is the going market rate for hydrogen in California (CAD per m3 and GJ)? If a 
single rate cannot be provided, please provide a range and some examples. 

(l) What is the going market rate for hydrogen in California (CAD per m3 and GJ) 
created from power to gas? If a single rate cannot be provided, please provide a 
range and some examples. 

(m)What is Shell Canada charging for hydrogen in its hydrogen refuelling stations in 
Quebec? An average, approximate, or point-in-time answer is sufficient. Would this 
hydrogen be mostly from natural gas reforming or power to gas? 

(n) What is the percentage difference between the current cost for hydrogen and natural 
gas in Ontario of the same heating value (for hydrogen created via power to gas)? 
Please provide the forecast difference between now and 2040, both annual and 
average over that period? Please provide the underlying calculations. 

Response: 

(a) Please see Exhibit I.STAFF.2(d) for a description of the price to be paid by Enbridge 
Gas to purchase hydrogen from 2562961 Ontario Ltd. and a copy of the associated 
term sheet. Enbridge Gas is not prepared to disclose 2562961 Ontario Ltd.’s costs 
to produce hydrogen as that information is commercially sensitive. Enbridge Gas 
does confirm, however, that 2562961 Ontario Ltd.’s costs to produce hydrogen are 
higher than the price to be paid by Enbridge Gas to purchase hydrogen. That is 
consistent with the information provided below in the response to (g) regarding a 
hypothetical hydrogen plant. 

(b) Please see Exhibit I.CCC.11 for a description of the relationship between Enbridge 
Gas, Enbridge Inc., 2562961 Ontario Ltd and Hydrogenics Corporation. Please see 
Exhibit I.CCC.2 for a copy of the intercorporate services agreement between 
Enbridge Gas and 2562961 Ontario Ltd. Please see Exhibit I. STAFF.2(d) for a 
description of the price to be paid by Enbridge Gas to purchase hydrogen from 
2562961 Ontario Ltd. and a copy of the associated term sheet. 

As explained at Exhibit B, Tab 1, Schedule 1, page 5, there is a contract with the 
IESO for the provision of regulation service from the Power to Gas plant (which is 
owned by 2562961 Ontario Ltd.). Please see Exhibit I.SEC.9. 

https://I.CCC.11
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(c) Enbridge Gas does not believe that this question is relevant. 

(d) As noted above, the price paid by Enbridge Gas to 2562961 Ontario Ltd. is lower 
than cost.  As a result, there will be a loss to 2562961 Ontario Ltd. Enbridge Gas 
does not believe that the quantum is relevant. 

(e) Enbridge Gas is not in possession of the requested information and has been unable 
to find the information through review of the IESO website. 

(f) Enbridge Gas is not in possession of the requested information and has been unable 
to find the information through review of the IESO website. 

(g) There are a number of factors which will determine the cost of hydrogen production 
by electrolysers in Ontario including the scale of the plant and time of day that the 
plant runs. Using a scenario of running a new 20MW Power-to-Gas plant during off-
peak hours at an average delivered price of electricity in the range of $0.038/kWh to 
$0.044/kWh, the estimated cost for producing hydrogen over the life of the plant 
would be as follows: 

• $44 to $55 per GJ 
• $0.56 to $0.70 per m³ 

Note that this is the cost of producing hydrogen only and it does not include any 
costs associated with the storage and distribution of hydrogen.  The amount of 
electricity to run the electrolysis equipment is about 4.7 kWh/m³. 

(h) Technological advances in electrolysers are expected in several areas.  Larger scale 
plants will permit scale economies in the balance of plant equipment.  Demand for 
renewable hydrogen increases globally is expected to drive production volumes 
significantly over the next decade driving the industry down the learning cost curve 
as the supply chain matures.  Current research in membrane technology will 
increase the efficiency of electrolysers.  Capex is certainly one of the most important 
drivers of the cost of hydrogen production, but as suggested in the question, the 
price of electricity is most important.  There are many studies that have examined 
this question in depth; one example is the IRENA study on Hydrogen from 
Renewable Power.1 It shows a projected future hydrogen production cost in 
Denmark under different capacity factors.  In Ontario, it is expected that the 
generation mix will continue to have a very low carbon footprint, but a key question 
will be the price of electricity. Enbridge Gas agrees with published reports 
forecasting a significant reduction in the cost of building Power-to-Gas plants in the 

1 https://www.irena.org/-
/media/Files/IRENA/Agency/Publication/2018/Sep/IRENA_Hydrogen_from_renewable_power_2018.pdf (pg.26) 

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Sep/IRENA_Hydrogen_from_renewable_power_2018.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2018/Sep/IRENA_Hydrogen_from_renewable_power_2018.pdf
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next decade and expect that the resulting reduction in the cost of producing 
hydrogen in Ontario will more than offset the increase in cost from higher delivered 
electricity prices. The Company expects that costs to produce hydrogen could see a 
net reduction on the order of 20%-30%. 

(i) Phone calls to three separate Companies in Ontario or companies selling to Ontario 
provided the following prices for traditionally made hydrogen: 

i. ~$58/GJ or $0.74/m3 

ii. ~$62.5/GJ or $0.79/m3 

iii. ~$59.49/GJ or $0.76/m3 

Note that this price covers hydrogen production, storage and delivery.  The 
source of this hydrogen is typically Steam Methane Reforming of natural gas. 

(j) Enbridge Gas is not aware of any Power to Gas facility in Ontario selling hydrogen to 
the market. 

(k) According to the California Fuel Cell Partnership2 and NREL3 the going rate for 
Hydrogen converted to CDN dollars using ForEX:US$1 = CDN$1.31 is: 

i. ~CDN$(1.51 to 1.88)/m3 or CDN$(112.84 to 148.80)/GJ [ 
ii. ~Most common price is US$1.65/m3 or CDN$137.27/GJ 

Note that these prices are for delivered hydrogen dispensed at pressure at a 
hydrogen fueling station. The Company is not aware of a going rate for hydrogen 
in California for injection into the natural gas grid. 

(l) Enbridge Gas has not been able to find the requested information. 

(m)Enbridge Gas’s information is that Shell does not have any H2 stations in 
Quebec. Enbridge Gas understands that the only retail hydrogen station in Quebec 
is from HARNOIS and is located at an ESSO station in Quebec City. It is not a full 
Power to Gas facility like the one owned by 2562961 Ontario Ltd. The retail price 
observed at the pump in February 2020 was $18.40/kg. 

(n) Currently in Ontario, hydrogen produced by Power-to-Gas using electrolysis at scale 
is only done by 2562961 Ontario Limited.  There is no market price for this 
hydrogen, and it is being provided to Enbridge Gas at the same price as 
conventional natural gas. 

Using the information set out above in part (i) about the current price for traditionally 

2 https://cafcp.org/content/cost-refill#:~:text=Long%20Answer%3A,cost%20of%20%240.21%20per%20mile. 
3 https://ww2.energy.ca.gov/2015publications/CEC-600-2015-016/CEC-600-2015-016.pdf 

https://cafcp.org/content/cost-refill#:%7E:text=Long%20Answer%3A,cost%20of%20%240.21%20per%20mile.
https://ww2.energy.ca.gov/2015publications/CEC-600-2015-016/CEC-600-2015-016.pdf
https://CDN$(112.84
https://CDN$(1.51
https://CDN$1.31
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made hydrogen4, one can determine the approximate percentage difference 
between the cost of hydrogen and natural gas.   The approximate percentage 
difference based on natural gas at approximately $0.12/m3 based on July 1, 
2019 natural gas rates is: 

𝟏𝟏𝟏𝟏 . 𝟕𝟕𝟏𝟏 �$𝟎𝟎. 𝒎𝒎𝒎𝒎 − $𝟎𝟎. 𝒎𝒎𝒎𝒎� 𝒂𝒂𝒂𝒂𝒂𝒂 ∗ 𝟏𝟏𝟎𝟎𝟎𝟎% = 𝟓𝟓𝟎𝟎𝟎𝟎%
$𝟎𝟎. 𝟏𝟏𝟏𝟏 

The requested “forecast difference between now and 2040, both annual and 
average over that period” has not been done and is therefore not available. 

4 The calculations are based on the hydrogen cost estimates in part (i), which are related to hydrogen 
produced by Steam Methane Reformation (SMR): Using an average of the three results in costs of 
delivered (non renewable) hydrogen of approximately: ($60.00/GJ or $0.72/m3). 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit A, Tab 2, Schedule 1, p. 1; Exhibit B, Tab 1, Schedule 1, Attachment 1 

Preamble: 

Preamble: Enbridge states at Exhibit A, Tab 2, Schedule 1, p. 1 that: 

“The LCEP is a pilot project that will allow the Company to green a portion 
of the natural gas grid in Ontario. The experience gained through the 
implementation of the LCEP will position Enbridge Gas to then expand 
hydrogen injection into other parts of its gas distribution system, further 
enhancing reductions to GHG emissions across the province.” 

Question: 

(a) Enbridge is currently planning to inject hydrogen at the rate of 2%. If hydrogen 
injection is expanded, what is the likelihood that this percentage could be increased? 
Please discuss. 

(b) Page 19 of attachment 1 (Ex B-1-1) seems to suggest that the 2% limit for this pilot 
project is based primarily on the end-user equipment. Is that true? Please discuss. 

(c) Are the concerns associated with consumer end-user equipment (e.g. flashback and 
overheating) mostly associated with stoves, furnaces, or water heaters? 

(d) Are other jurisdictions exploring or implementing mandatory equipment standards 
(e.g. for new furnaces) that would allow greater percentages of hydrogen injection? 
Is Enbridge considering advocating for changes in this direction in Canada? 

(e) What is the highest percentage of hydrogen injection in a pilot project known to 
Enbridge? 

(f) What is the approximate highest percentage of hydrogen injection that Enbridge 
believes could be technically feasible? 

Response: 

(a) Enbridge Gas plans to inject up to 2% by volume of hydrogen into a small carefully 
selected portion of its natural gas distribution system. There is no current plan to 
increase the concentration beyond the 2% maximum amount by volume. Any 
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likelihood of an increase at this time is speculative as it would depend on a thorough 
review on a case by case basis based on prudent engineering principles plus the 
careful consideration of important factors that could affect the resiliency of the 
distribution system, its integrity, its reliability and its cost effectiveness. Please also 
see Exhibit I.STAFF.8. 

(b) Yes. The studies conducted by Enbridge Gas for the BGA focused on determining 
an appropriate amount of hydrogen blending concentration such that there would be 
no material change to the safety, operability or reliability of customer gas appliances 
within the BGA. 

(c) The type of appliance is not a direct risk factor. Concerns related to, for example, 
flashback and overheating, are related to the method of combustion (for example 
partially pre-mixed, fully pre-mixed or diffusion style) used by an appliance. Enbridge 
Gas’s research focused on ensuring that hydrogen blending would not change the 
operating parameters of combustion methods in the BGA. See response to (b) 
above. 

(d) The Deutscher Verein des Gas- und Wasserfaches (DVGW) is a German 
association for gas and water standards similar to the CSA in Canada, and allows 
for up to 10% by volume hydrogen in natural gas in Germany. Enbridge Gas is not 
currently advocating for Canadian standards that would allow higher concentrations 
of hydrogen in natural gas distribution or appliances.  Instead, the Company is 
focused on implementing and learning from the LCEP pilot.  In the future, Enbridge 
Gas might advocate for such a directive if this was seen to benefit the transition to 
renewable hydrogen as part of the economy. 

(e) At the current time, the HyDeploy demonstration project in the UK has the potential 
to blend up to 20% by volume into Keele University via the existing gas network. A 
demonstration of blended gas is taking place on part of the Keele gas network and 
will finish in August 2020. 

(f) At this time, Enbridge Gas has only assessed existing assets and approved 
materials for new construction in the proposed blended gas areas to confirm they 
are suitable for up to 2% by volume hydrogen blending. The Company does not 
have a position as to the highest possible hydrogen blending percentage that would 
be safe and technically feasible. For discussion about how Enbridge Gas would 
consider a higher concentration of hydrogen blending, please see Exhibit I.STAFF.8. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit A, Tab 2, Schedule 1, p. 1 

Preamble: 

Enbridge states that: 

“The LCEP is a pilot project that will allow the Company to green a portion 
of the natural gas grid in Ontario. The experience gained through the 
implementation of the LCEP will position Enbridge Gas to then expand 
hydrogen injection into other parts of its gas distribution system, further 
enhancing reductions to GHG emissions across the province.” 

Question: 

(a) What was Ontario’s natural gas consumption (m3 and GJ) (i) in 2019 and (ii) on 
average over the past 5 years? 

(b) Please estimate the incremental annual commodity cost ($) of replacing 2% of 
Ontario’s natural gas consumption with hydrogen created via power-to-gas. 

(c) Please estimate the incremental annual commodity cost ($) of replacing 20% of 
Ontario’s natural gas consumption with hydrogen created via power-to-gas. 

(d) Please provide any studies or documentation Enbridge has prepared on the 
possibility of expanding hydrogen injection in its distribution system. Please include 
any estimates of the feasibility, physical requirements, and costs. 

(e) How much natural gas was exported from Ontario in the most recent year for which 
data is available (m3 and GJ)? 

(f) If Enbridge were to expand hydrogen injection what steps would be needed in 
relation to exports to other jurisdictions? Would Enbridge also inject hydrogen into 
gas that would be exported? Would Enbridge need to isolate and separate the gas 
for Ontarians versus the gas to be exported? Would that be physically and financially 
feasible? 

(g) If Enbridge were to expand hydrogen injection throughout the province, would this 
require a parallel hydrogen pipeline system throughout the province? Could the 
hydrogen be injected in only a few locations near where it was produced? 
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Please provide a rough range or order of magnitude of the cost to build the necessary 
pipeline facilities to inject hydrogen throughout Ontario’s natural gas system 

Response: 

a) Please see Exhibit I.ED.1. 

b) Enbridge Gas has not considered the indicated scenario, and as a result is not able 
to provide this information 

c) Enbridge Gas has not considered the indicated scenario, and as a result is not able 
to provide this information 

d) Enbridge Gas has not yet considered and studied other possible locations for 
hydrogen injection beyond the blended gas area (BGA) proposed in this application 
and adjacent loops to the south and east of the BGA.  The Company will look to the 
potential for further LCEPs in the event that the pilot LCEP is successful and future 
conditions are favourable to the expanded use of hydrogen blending. 

e) According to OPIS PointLogic, in 2019 1.38 PJ/d (37 106m3/d) of natural gas was 
exported from Ontario to Quebec and New York. 

f) Enbridge Gas’s current plans for hydrogen blending are to introduce blended gas 
into isolated BGAs.  This approach would not see hydrogen introduced in gas 
streams that might be exported. 

g) At this stage in the LCEP pilot, it is too early to speculate if a dedicated hydrogen 
infrastructure would be required to expand hydrogen supply throughout the province. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit A, Tab 2, Schedule 1, p. 1 

Question: 

(a) Would the expansion of hydrogen injection require changes to the OEB’s regulatory 
guidelines or tests? 

(b) Please file a copy of the relevant documentation detailing Enbridge’s allowed 
business activities. 

Response: 

(a) Enbridge Gas does not believe that the introduction of hydrogen injection at a 2% 
concentration requires changes to the OEB’s regulatory guidelines or tests. 

(b) Legacy Enbridge Gas Distribution’s permitted business activities are as set out in 
its Undertakings to the Lieutenant Governor. There was some expansion in the 
permitted business activities included in Minister’s Directives issued to EGD in 
2006 and 2009.  These documents are included at Attachment 1. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1 Page 1 

Question: 

(a) In support of this application, Enbridge notes that it is “consistent with the 
environmental goals of public policy provincially and federally.” Please list these and 
include copies of the relevant policy documents. 

(b) Please elaborate on how public policy consistency is relevant for the criteria for 
approval under the sections of the OEB Act at issue (s. 90 and 36) and the 
associated OEB rules and guidelines. Please specifically identify the pertinent 
criteria, its source, and how public policy factors in. 

Response: 

a) The policy documents are listed below along with links to each document. 

Provincial 

Ontario: 
1. Under the previous Liberal government in Ontario: 

a. The Ontario Climate Change Action Plan 2016-2020. 
b. (Ref: http://www.applications.ene.gov.on.ca/ccap/products/CCAP_ENGLISH.pdf) 

2. Under the current Conservative Government in Ontario: 
a. A Made-in-Ontario Environmental Plan. 
b. (Ref: https://www.ontario.ca/page/made-in-ontario-environment-plan) 

Federal 

1. Clean Fuel Standard – which is still in its development stage 
o (Ref: https://www.canada.ca/content/dam/eccc/documents/pdf/climate-

change/pricing-pollution/Clean-fuel-standard-proposed-regulatory-approach.pdf) 

http://www.applications.ene.gov.on.ca/ccap/products/CCAP_ENGLISH.pdf
https://www.ontario.ca/page/made-in-ontario-environment-plan
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/pricing-pollution/Clean-fuel-standard-proposed-regulatory-approach.pdf
https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/pricing-pollution/Clean-fuel-standard-proposed-regulatory-approach.pdf
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2. NSERC Hydrogen Canada Strategic Research Network (2008-2013) 
o Ref: (https://www.nserc-crsng.gc.ca/Business-Entreprise/How-

Comment/Networks-Reseaux/H2CAN-H2CAN_eng.asp) 

3. 2019 Hydrogen Pathways – Enabling a Clean Growth Future for Canadians 
o (Ref: https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-

transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-
future-canadians/21961) 

4. Canada’s Energy Transition 
o (Ref: 

https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/CoucilReport_june2 
7_English_Web.pdf) 

b) In making decisions under the Ontario Energy Board Act, including under sections 
36 and 90, the Board is guided by the objectives set out in section 2 (“Board 
Objectives, gas”). 

One of these objectives speaks directly to consistency with the Government’s 
energy conservation policies.  Section 2(5) indicates that one of the objectives is 
“To promote energy conservation and energy efficiency in accordance with the 
policies of the Government of Ontario, including having regard to the consumer’s 
economic circumstances.” The LCEP will lower GHG emissions for all Ontarians and 
will do so in a manner that will ensure customers are not paying any more for natural 
gas than they otherwise would absent the Project. 

Additionally, the EB-2017-0129 Report of the Board: Framework for the Assessment 
of Gas Distributor Gas Supply Plans, dated October 25, 2018 states the Board’s 
expectation that the utility’s gas supply plan will be developed to ensure that it 
supports and is aligned with public policy where appropriate (section 3.1, page 8). 
Hydrogen procurement and the production of blended gas supports and is aligned 
with public policy related to GHG emission reductions. 

https://www.nserc-crsng.gc.ca/Business-Entreprise/How-Comment/Networks-Reseaux/H2CAN-H2CAN_eng.asp
https://www.nserc-crsng.gc.ca/Business-Entreprise/How-Comment/Networks-Reseaux/H2CAN-H2CAN_eng.asp
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/energy-efficiency/energy-efficiency-transportation/resource-library/2019-hydrogen-pathways-enabling-clean-growth-future-canadians/21961
https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/CoucilReport_june27_English_Web.pdf
https://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/energy/CoucilReport_june27_English_Web.pdf
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 
Environmental Defence (ED) 

INTERROGATORY 

Reference: 

Exhibit A, Tab 2, Schedule 1, p. 1 

Preamble: 

Enbridge states that: 

“The LCEP is a pilot project that will allow the Company to green a portion 
of the natural gas grid in Ontario. The experience gained through the 
implementation of the LCEP will position Enbridge Gas to then expand 
hydrogen injection into other parts of its gas distribution system, further 
enhancing reductions to GHG emissions across the province.” 

It also states that this project is “consistent with the environmental goals of 
public policy provincially and federally.” 

Question: 

(a) Please calculate the cost of GHG emissions reductions ($/CO2e) from hydrogen 
injection including only the incremental commodity costs of replacing natural gas 
with hydrogen created via power-to-gas. Please use Enbridge’s estimate of the cost 
to produce hydrogen by power-to-gas in Ontario. Please provide a table showing the 
underlying calculations. 

(b) Please calculate the cost of GHG emissions reductions ($/CO2e) from hydrogen 
injection including both the incremental commodity costs (replacing natural gas with 
hydrogen created via power-to-gas) and the incremental capital costs (upgrades to 
gas distribution and transmission). For the incremental commodity costs, please use 
Enbridge’s estimate of the cost to produce hydrogen by power-to-gas in Ontario. For 
the incremental capital costs, please use Enbridge’s best estimate of the capital cost 
per m3 of injecting hydrogen into the gas system. Please provide a table showing 
the underlying calculations. 

(c) Please recalculate the cost of GHG reductions in (b) but for the incremental capital 
costs, please use the cost per m3 of hydrogen for this pilot project. Please provide a 
table showing the underlying calculations. 
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(d) Please provide the annual forecast throughput of hydrogen for the proposed pilot 
project. 

(e) For comparative purposes, please provide the cost of GHG emissions reductions 
($/CO2e) from natural gas energy efficiency programs. Please provide an 
explanation if Enbridge’s figures are inconsistent or out of line with those in the 
OEB’s Marginal Abatement Cost Curve Final Report, EB-2016-0359, July 20, 2017 
(which indicates a significant negative cost per CO2e for energy efficiency). 

(f) For comparative purposes, please provide the cost of GHG emissions reductions 
($/CO2e) from renewable natural gas. Please provide an explanation if Enbridge’s 
figures are inconsistent or out of line with those in the OEB’s Marginal Abatement 
Cost Curve Final Report, EB-2016-0359, July 20, 2017. 

(g) For comparative purposes, please provide the cost of GHG emissions reductions 
($/CO2e) from converting to geothermal instead of natural gas including only the 
difference in annual operating costs (i.e. commodity costs). Please base the answer 
on the evidence prepared by Dr. Stanley Reitsma, P. Eng. in EB-2016-0004 dated 
March 21, 2016 (p. 35-37) or explain why different figures are used. 

(h) For comparative purposes, please provide the cost of GHG emissions reductions 
($/CO2e) from converting to geothermal instead of natural gas including the 
difference in annual operating costs (lifetime) and incremental capital costs 
(including the capital costs to expand gas service to the new community). Please 
base the answer on the evidence prepared by Dr. Stanley Reitsma, P. Eng. in EB-
2016-0004 dated March 21, 2016 (p. 35-37) or explain why different figures are 
used. 

For each of the above, please answer the question on a best-efforts basis and with any 
caveats as necessary. If a portion of the historic data or forecast is impossible to 
provide, please explain why and answer the question over as long a time period as 
possible. If certain parts of the answer cannot be estimated, please explain why and 
provide as much of the table as possible. Please make assumptions as necessary and 
state all assumptions. 

Response: 

a) Because hydrogen will be sold to Enbridge Gas at the same price as conventional 
natural gas (see Exhibit I.STAFF.2(d)), there is no incremental commodity cost to 
replace natural gas with hydrogen for the LCEP pilot.  As there is no incremental 
cost, there is no cost of GHG emission reduction per tonne CO2e. If one was to 
assume a price of $0.55 to $0.70 per m3 for hydrogen as indicated at Exhibit I.ED.6 
(d) and assuming annual blending of up to approximately 200,000 cubic meters of 
hydrogen results in a reduction of 120 tCO2e per year, the cost of GHG emission 
reductions from the assumed cost of hydrogen is estimated as between $925 and 
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$1,151 /tCO2e. See Attachment 1 for calculations and assumptions. 

b) The cost of GHG emission reductions from incremental hydrogen commodity costs 
is set out in the response to part (a) above. 

Enbridge has estimated the annual maximum revenue requirement for capital 
recovery of system upgrades as $487,000. Assuming an annual blending of up to 
200,000 cubic meters of hydrogen results in a reduction of approximately 120 tCO2e 
per year, the cost of GHG emission reductions from the incremental capital cost is 
estimated as $4,058/tCO2e. The capital cost of system upgrades expressed on a 
dollar per cubic meter hydrogen basis was estimated at $2.44 per cubic meter of 
hydrogen. This impact will be reduced if Enbridge Gas expands the LCEP to include 
loops S1a and S1b. Note that there is no impact from the capital additions until 
rebasing in 2024. 

c) Refer to part (b) above. 

d) The maximum estimated forecasted annual throughput of hydrogen for the proposed 
pilot project is ~200,000 m3/y or ~2,400 GJ/year. 

e) Please see Exhibit I.Staff.8 (d). 

f) Enbridge Gas’s estimation of the marginal abatement carbon cost for RNG are 
consistent with the MACC where the average RNG abatement cost ranged from 
$133 to $1,867/t CO2e. Enbridge Gas notes that the RNG abatement costs as 
provided in the OEB’s MACC Final Report are not based on a lifecycle approach and 
are limited to emission reductions from the displacement of natural gas. RNG may 
provide further GHG reductions from the capture of methane that may have 
otherwise been released to the atmosphere. GHG reductions from the avoided 
release of methane can be quantified in various carbon offset protocols. 

g) Please see Exhibit I.Staff.8 (d). 

h) Please see Exhibit I.Staff.8 (d). 
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(a) (b) = (a) x (p) (c) = (b) / (s) (d) = (c) * (r) 

Scenario 
Average Customer Usage 

(m3) 
Average Customer Energy 

Input (MJ) 
Blended Gas Volumetric 

Consumption (m3) 
Volume of Hydrogen in 

Blended Gas (m3) 

Average 2,400 92,472 2,433 49 
Maximum 2,671 102,914 2,707 54 
Minimum 2,153 82,955 2,182 44 

Assumptions: 
(p) Higher Heating Value of Natural Gas (MJ/m3) 38.5 
(q) Higher Heating Value of Hydrogen Gas (MJ/m3) 12.7 
(r) Amount of Hydrogen (% by volume) 2 

(s) = (q)*(r) + (1-(r))*(p) Higher Heating Value of the Blended G 38.01 
(t) Emission Factor (tCO2e/m3) 0.001874 
(u) Number of Customers 3,600 
(v) Commodity Cost of Natural Gas ($/m3) 0.0812 

(w) Carbon Charge at $30/t ($/m3) 0.0587 
(x) Commodity Cost of Low Range Hydrogen ($/m3) 0.56 
(y) Commodity Cost of High Range Hydrogen ($/m3) 0.70 
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(e) = (c) - (d) (f) = (a) * (t) (g) = (e) * (t) (h) = (f) - (g) (i) = (h) * (u) (j) = (c) * (u) 

Volume of Methane in 
Blended Gas (m3) 

GHG From Traditional 
Natural Gas (tCO2e) 

GHG From Blended Gas 
(tCO2e) 

GHG Reductions per 
customer (tCO2e) 

Total GHG Reductions 
(tCO2e) 

Annual Volume of Hydrogen 
Blended (m3) 

2,384 4.50 4.47 0.03 108 175,148 
2,653 5.01 4.97 0.03 120 194,926 
2,139 4.03 4.01 0.03 97 157,123 
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(k) = (a) * ((v) + (w)) (l) = ((d) * (x)) + ((e) * (v)) + ((c) * (w)) (m) = ((d) * (y)) + ((e) * (v)) + ((c) * (w)) (n) = ((l) - (k)) / (h) (o) = ((m) - (k)) / (h) 

Cost of Traditional 
Natural Gas ($/yr) 

Cost of Blended Gas at Lower Price 
Hydrogen ($/yr) 

Cost of Blended Gas at Higher Price 
Hydrogen ($/yr) 

Cost of GHG Reduction 
for Lower Cost Blended 

Gas ($/tCO2e) 

Cost of GHG Reduction 
for Higher Cost Blended 

Gas ($/tCO2e) 

336 364 370 925 1,151 
374 405 412 925 1,151 
301 326 332 925 1,151 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 3 

Preamble: 

EGI evidence states:  “The heating value of hydrogen is approximately 1/3 that of 
natural gas.” 

We appreciate that EGI is striving to compensate for the impact to heat value. We 
would like to understand how EGI is compensating for other aspects of the hydrogen 
stream. 

Question: 

What is the maximum pressure that flows through a customer meter in the service 
territory? 

a) Please describe how EGI has compensated for the difference in hydrogen’s 
characteristics of supercompressibility. 

Response: 

The maximum pressure which flows through a customer meter would be 55 psig, where 
measurement occurs upstream of the regulator. 

a) Prior to blending hydrogen in natural gas the correction factors used in the 
blended gas area will be evaluated and corrected accordingly. The 
supercompressibility of the fuel is factored into the correction factors modules for 
rotary meters which correct for temperature and pressure. Updates to rotary 
meters can be completed onsite via computer. Diaphragm meters do not have 
supercompressibility factors because they to not contain an electronic corrector 
module. 

Diaphragm and rotary meters are positive-displacement meters that operate on 
the principle of using a fixed volumetric space that fills and empties as the meter 
turns. As this volume is fixed, the volume of the blended gas will be measured in 
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the same way as traditional natural gas. As shown in the Figure below, positive-
displacement meters consist of 99.5% of the meter population with diaphragm 
meters at 98.9% and rotary meters at 0.6%. 

An ultrasonic meter measures the velocity of the gas using ultrasound to 
calculate the volumetric flow. The gas composition impacts the acoustic 
properties of the gas, which can change the measurement accuracy. The 
addition of hydrogen can affect the measurement accuracy if it changes the 
density or viscosity of the blended gas compared to natural gas. The ultrasonic 
meters installed in these networks are smaller scale models. Sonix (the 
manufacturer) confirmed the suitability of their ultrasonic meters with up to 5% by 
volume hydrogen. 

There are other types of meters approved for use in Legacy EGD’s distribution 
system; however, they are not installed in the selected networks. 



   
  
    
    
  
  
 

 

  
   

   
 

 
 

 
 

  
 

 
 

   
    

 
 

  
 

 
 

   

    
  

  

 
 

 
   

 
 
 
 
 
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.FRPO.2 
Page 1 of 1 

Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 4 

Preamble: 

EGI evidence states:  “Commodity Impact – This is the gas cost impact associated with 
procuring hydrogen rather than traditional natural gas for customers in the BGA. 
Enbridge Gas is proposing to acquire hydrogen in a manner that keeps 
ratepayers cost-neutral.” 

We would like to understand better the expected cost of hydrogen. 

Question: 

From the research done by EGI, what was the cost of hydrogen. 

a) What agreement does EGI have in place with its affiliate to pay for hydrogen? 
b) Please provide the mechanism, formula or other construct that EGI has entered 

into to pay for hydrogen. 

Response: 

a) & b) Please see Exhibit I.CCC.10 and Exhibit I.STAFF.2(d). 

https://I.CCC.10
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 5 

Preamble: 

EGI evidence states:  “An affiliate of Enbridge Gas, 2562961 Ontario Ltd., has 
developed and built North America’s first utility scale PtG facility in Markham, Ontario.” 

We would like to understand how EGI is managing the potential for conflict of interest in 
this relationship. 

Question: 

Please provide the percentage ownership that Enbridge Inc. has in the named Ontario 
company. 

a) Please describe how EGI plans to manage any potential conflicts of interest in 
this emerging market. 

Response: 

For information concerning the ownership structure of 2562961 Ontario Limited please 
see Exhibit I.CCC.11. 

a) Any potential conflicts of interest between Enbridge Gas and 2562961 Ontario 
Limited have been and will continue to be addressed through Enbridge Gas’ 
adherence to the requirements of the Ontario Energy Board’s Affiliate 
Relationships Code for Gas Utilities. 

https://I.CCC.11
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 6 

Preamble: 

EGI evidence states:  “The hydrogen produced by the plant will be captured, stored and 
injected into the portion of the Company’s gas distribution system serving the BGA, 
thereby lowering the GHG emissions associated with the consumption of natural gas in 
this area and greening the gas distribution grid.” 

We would like to understand better how equipped EGI is to maintain a constant 2% 
blend during this pilot. 

Question: 

Based upon an average winter day consumption, how many days can the hydrogen 
storage provide a 2% hydrogen injection into the system? 

Response: 

The power to gas plant at the TOC operates when dispatched by the IESO. The power 
to gas plant was commissioned in 2018. In 2019 and year to date 2020, average day 
hydrogen production from the power to gas plant was in excess of 3,000 m3 per day. 
Other than times when the power gas plant has not operated because of downtime 
required for maintenance, the plant has been dispatched virtually every day. 

Enbridge Gas forecasts that it may require up to 200,000 m3 per year of hydrogen to 
supply blended gas (at a 2% by volume concentration) to customers in the BGA. The 
hydrogen production from the power to gas plant is more than sufficient for this blending 
requirement. 

In 2018 average winter day demand for residential customers in the BGA was 41,380 
m3 per day. 2% of this volume is 828 m3. The hydrogen storage tank onsite at the TOC 
has a capacity of 2,000 m3. Operationally the storage tank can deliver approximately 
1,000 m3 per day. This equates to 1.2 days of storage on an average winter day. The 
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storage tank be cycled unless the power to gas plant is not operational. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 12 

Preamble: 

EGI evidence states:  “The hydrogen blending station will control the 
amount of blended gas being injected into the natural gas distribution system.” 

We would like to understand better the risks and mitigation strategies that EGI has 
contemplated. 

Question: 

Please describe the potential failure modalities of the blending station. 
a) For each, please provide the fail safe mechanism that is applied. 

Response: 

Please refer to Exhibit I.CCC.3. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 16 

Preamble: 

EGI evidence states:  “Given that the Proposed Facilities are required to enable the 
Company to reduce the GHG footprint of its utility gas distribution system, these 
facilities should be fully attributed to system reinforcement and general distribution 
growth and managed within the rolling project portfolio in accordance with Enbridge 
Gas’s normal business practice. 

We would like to understand the basis upon which EGI is proposing this classification 
and what options were or should have been considered. 

Question: 

Please describe how this investment contributes to reinforcement of the system and 
growth of the distribution system. 

a) Please describe what other categories considered (e.g., separate account to 
track capital, analysis, maintenance costs) 

b) Please provide the company’s view on why this investment is not an investment 
in long-term recovery of asset return more akin to business development. 

Response: 

With respect to the Company’s Rolling Project Portfolio, the OEB’s EBO 188 final report 
states; 

The Board is of the view that all distribution system expansion projects 
should be 
included in a utility's portfolio. This includes projects being developed for 
security of supply and system reinforcement reasons. The Board will be 
prepared on an exception basis to consider a utility's submissions as to 
why a proposed project should not be included in the portfolio but treated 
separately. 

(EBO 188, Final Report of The Board, para 2.1.2, page 7) 
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Enbridge Gas is of the view that the proposed facilities that are the subject of this 
application meet the above requirement. 

a) Enbridge Gas has not considered any other treatment of the costs associated 
with this project. (e.g., separate account to track capital, analysis, maintenance 
costs). 

b) In the Company’s view that the facilities which are the subject of this application 
are long term gas distribution system assets and their costs should be treated in 
the same manner as any other gas distribution system asset. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Page 18 

Preamble: 

EGI evidence states:  “There will be no impact to customer bills as the 
cost of hydrogen will be the same as the cost of traditional natural gas.” 

We would like to understand better the equivalency suggested in this statement. 

Question: 

Please clarify on what basis is the price of hydrogen and natural gas equivalent?  
a) On that basis of equivalency, please provide the market price of hydrogen from a 

referenced source. 

Response: 

a) Please refer to Exhibit I.CCC.10 and Exhibit I.Staff.2. 

https://I.CCC.10
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Page 2 

Preamble: 

EGI evidence states:  “Any recommendations resulting from this work were based on 
validation against existing operational and design practices to identify and track 
potential gaps and/or incompatibilities in order to facilitate the effective implementation 
into Enbridge Gas’s Operations.” 

We would like to understand better this validation process and what “existing 
operational and design practices” were used for this novel application. 

Question: 

Please provide the source technical documents relied upon for the impact of hydrogen 
on pipeline components and appliances. 

a) Please provide the report containing the recommendations. 
b) What is the company’s opinion on who would be at risk for any costs incurred as 

a result of failure of components or appliances as a result of the hydrogen blend. 

Response: 

a) Please see Exhibit I.H2GO.1. 

b) Enbridge Gas’s research concludes that the maximum 2% hydrogen blend by 
volume does not cause a material change to the combustion parameters of the gas 
that has been distributed within the BGA. Enbridge Gas research indicates that the 
risk associated with hydrogen blending in the BGA is acceptable.  Any instance of 
appliance failure or failure of appliance components would more likely be attributable 
to wear and tear or lack of maintenance.  In the unlikely event that it is determined 
that the hydrogen content of the blended gas delivered in the BGA caused the failure 
of components or appliances the Company would compensate the affected 
customer. Enbridge Gas research indicates that the risk associated with hydrogen 
blending in the BGA is acceptable. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Page 10 

Preamble: 

EGI evidence states:  “This information was gathered in order to inform subsequent 
work streams on which levels of hydrogen blending should be considered and served as 
information to orient the further investigation required. Among other things it served to 
provide a baseline range of hydrogen blending values that may be technically feasible. 
It also identified the key issues and challenges that must be addressed at a network 
specific level. 

We would like to understand better how this assessment was performed (individually, 
combined, etc.). 

Question: 

Please provide a summary of the information collected. 
a) Were the different aspects of pipeline components and appliances researched 

separately? 
b) Were the ranges of acceptable hydrogen blend the same?  Please clarify the 

ranges defined. 

Response: 

a) Enbridge Gas has conducted a holistic engineering assessment that separately 
considered all of the pipeline components and customer appliances in the blended 
gas area.  Enbridge Gas considered all aspects equally in order to derive the 
conclusions presented in the evidence. 

Enbridge Gas’s engineering assessment concluded that 2% hydrogen blending is 
the acceptable limit for the selected injection area. At the studied levels of hydrogen 
blending in this area, no direct (safety) issues (flashback, burner overheating, etc.) 
related to end use equipment is anticipated. The levels were selected as to have no 
potential “material change”. The definition of “material change” is either a noticeable 
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impact from operation or combustion parameter from the historically delivered fuel. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Page 14 

Preamble: 

EGI evidence states:  “In heating and cooking appliances, the major concerns are 
flashback and burner overheating.  Flashback occurs when the flame retreats back into 
the tip of the combustion nozzle. Burner overheating can result in failure in extreme 
cases, but over time can cause issues with the integrity of burners that were not 
designed for higher temperatures or built with substandard materials.” 

We would like to understand better this concept of overheating when considered in 
conjunction with other evidence provided. 

Question: 

If the heat value of hydrogen is less than natural gas, please explain how the blended 
gas stream would cause the potential for overheating? 

Response: 

By limiting the hydrogen content of the blended gas stream in the area of study flame 
temperatures will be equivalent to those historically seen in the area. As referenced in 
Exhibit B, Tab 1, Schedule 1, page 8, an interchangeability analysis supports this 
conclusion. 

The heating value of hydrogen is lower because the density of hydrogen is 
approximately 1/8th that of natural gas. However, a pure hydrogen flame burns hotter 
than a natural gas flame which will in some cases raise the flame temperature of the 
blended gas. This is dependent on the appliance type, the state of the appliance, 
operating pressure, hydrogen content and combustion type. 

https://I.FRPO.10
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Page 15-16 

Preamble: 

EGI evidence states:  “Enbridge Gas consulted with the Technical Standards and Safety 
Authority (TSSA) to introduce and provide information on the Project. The TSSA 
indicated that they will act as a technical reviewer on behalf of the Ontario Energy Board 
for the LTC application if requested.” 

We would like to understand better how the TSSA intends to perform the role of 
technical reviewer. 

Question: 

Please provide a reference to the standards that the TSSA has applied to technical 
reviews of other hydrogen-natural gas blend projects? 

a) Would these standards be applied to the review of this project?  
b) If not, what standards will be applied? 

Response: 

a) and b) Please refer to Exhibit I.CCC.7. 

https://I.FRPO.11
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Page 16 

Preamble: 

EGI evidence states:  “SNG/MG covers a wide range of compositions that generally fall 
within the following limits: 

• 10 to 90% by volume hydrogen 
• 200 ppm to 90% by volume carbon monoxide 
• Balance – inert gasses, carbon dioxide, methane 

Question: 

Please provide the referenced source for the ranges of composition. 

Response: 

This evidence is based on multiple sources and is included in the evidence for 
illustrative purposes. The composition of SNG/MG varies widely depending on the 
specific production method and location. The range is given to demonstrate how broad 
the definition is. The range put forward was based on information from consultants and 
some specific production methods that produced the SNG/MG for use in additional 
processes as a feedstock. Because feedstock process were used the ranges were quite 
wide. 

Depending on the source of production, the SNG/MG utilized in a gas distribution 
system, would typically be comprised of: 

• 10% to 60% by volume hydrogen (much higher than Enbridge Gas is proposing) 
• 200 ppm to 50% by volume carbon monoxide 
• Balance – inert gasses, carbon dioxide, methane 

For example, the historical composition of the fuel in East(ern) Germany is seen below 
in Figure 1. In this case, town gas can be equated to SNG/MG. 

https://I.FRPO.12
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Figure 1: Composition of East(ern) German Gas over Time 

Several sources which discuss the composition of SNG/MG are provided below. 

Sources: 
https://www.nrel.gov/docs/fy13osti/51995.pdf 
http://www.heritageresearch.com/documents/More%20About%20Manufactured%20Gas 
.pdf 
https://semspub.epa.gov/work/01/458914.pdf 

https://www.nrel.gov/docs/fy13osti/51995.pdf
http://www.heritageresearch.com/documents/More%20About%20Manufactured%20Gas.pdf
http://www.heritageresearch.com/documents/More%20About%20Manufactured%20Gas.pdf
https://semspub.epa.gov/work/01/458914.pdf
https://I.FRPO.12
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Page 16 

Preamble: 

EGI evidence states: “End-user Equipment: In the specific area of study, based on the 
local gas composition, heating equipment and appliances, the upper limit for hydrogen 
was found to be 2% by volume.” 

We would like to understand better the constraints on the chosen level of blend. 

Question: 

Please provide the interaction that produced the limitation. 
a) What other alternatives to hydrogen limit threshold were considered? 

Response: 

The interchangeability analysis, where the maximum concentration by volume hydrogen 
added to the average local gas composition, while remaining within historical 
performance boundaries, was 2%. 

Enbridge Gas’ assessment concluded that 2% hydrogen blending is the acceptable limit 
for the selected injection area.  At the studied levels of hydrogen blending in this area, 
no direct (safety) issues (flashback, burner overheating, etc.) related to end use 
equipment is anticipated. The levels were selected as to have no potential “material 
change”. The definition of “material change” is either a noticeable impact from operation 
or combustion parameter from the historically delivered fuel. 

In the interchangeability analysis at approximately 2% by volume hydrogen added to 
natural gas, the burner temperature was calculated to begin to be hotter than the 
historical range. Since the temperature would be hotter than that of the historically 
delivered fuel, the possibility of burner overheating would be increased. This increase is 
difficult or impossible to quantify without further study. Many other factors were 

https://I.FRPO.13
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calculated but this was the specific factor in the interchangeability analysis that limited 
the overall conclusion. 

a) While a survey of homes and appliances was completed, it was impractical to 
check every single appliance in the BGA for several reasons (for example, not 
being able to access, cost, replacement and sustainment of appliances in the 
area, etc.). It was for this reason that the interchangeability analysis formed the 
basis of the conclusions for the end-user equipment. This type of analysis is used 
frequently when assessing the potential to supply LNG from different sources, as 
well as when converting from manufactured gas to natural gas. 

In the interchangeability analysis the range of acceptable gas composition could 
have also been based on the tariff limits, however since the actual gas 
composition in the area has been within a much more narrow band this approach 
was not followed. 

Mitigation measures have been proposed for end use equipment that include 
adjustment or replacement of appliances at higher percentage of hydrogen, 
however, these levels were not investigated due to the holistic review, as noted 
in the evidence. 

https://I.FRPO.13
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Federation of Rental-housing Providers of Ontario (FRPO) 

INTERROGATORY 

Reference: 

Exhibit D, Tab 1, Schedule 1 

Preamble: 

The referenced exhibit identifies test pressures for leak tests. We would like to 
understand better the testing that EGI has contemplated to test continued integrity of 
the system after a long duration of exposure (e.g. years) to the hydrogen blend. 

Question: 

Are the pipelines in the loop amenable to any imaging or other inspections which would 
inspect their integrity after lengthy exposure? 

a) Please explain in detail how EGI will ensure that there are no compromises to the 
integrity of the system prior to expanding the application of the hydrogen blend to 
other areas. 

Response: 

Enbridge Gas’s Integrity Management Program will track any potential future concerns 
within the closed loops, such as premature failures. The frequency of leak surveys for 
the first 5 years following the introduction of blended gas will follow Enbridge Gas’s leak 
survey process and will be increased to identify and track any increases in leak rates. 
This will allow comparison for leak occurrences within the closed loops with the overall 
system incidence. 

The operation of the Integrity Management Program facilitates proper tracking and 
mitigation if required.  In addition to the activities typically carried out through the 
Integrity Management Program, Enbridge Gas plans to undertake the following activities 
additional activities for the BGA: 

i. Monitor the leak frequency of the blended gas networks and compare to the 
expected leak rates 

ii. Opportunistic testing of abandoned assets 
iii. Evaluation of material and customer issues in the BGA subject to hydrogen 

https://I.FRPO.14
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blending. 

The table below sets out the type of pipelines in the BGA and the inspection methods 
for existing pipelines applicable to the BGA. 

Type of Pipe Inspection Method(s) 
Plastic 
• Operating at 55 psig 
• NTS ½ to NPS 6 

• Leak survey 

Steel 
• Operating at 55 psig 
• NTS ½ to NPS 8 

• Leak survey 
• The steel pipe in the BGA is non-

piggable and it is impractical to pig the 
network with current technology due 
to a variety of factors. 

a) In order to develop the Project, Enbridge Gas has conducted an extensive 
assessment of the natural gas pipeline infrastructure in the BGA to ensure that it is 
appropriate for hydrogen blending. Once approved, the Project will become live and 
Enbridge Gas will monitor the BGA using the methods outlined above to ensure 
integrity of the BGA. 

Any expansion of hydrogen blending to other areas of the distribution system would 
require a similar suitability assessment to determine suitability for hydrogen blending 
in that area. The assessment of suitability would incorporate the application of the 
assessment methodology applied to the BGA for the immediate Project and the 
results of this pilot project which will be informed by the inspection methods 
identified above. 

https://I.FRPO.14
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Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

H2GO Canada (H2GO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, paras 1, 10-13, 18, 20-21 
Exhibit B, Tab 1, Schedule 1, para 4 

Preamble: 

EGI states that it has conducted a detailed review of the feasibility and 
recommendations for blending hydrogen into natural gas supply for distribution using 
existing infrastructure (para 1). 
EGI further states that it engaged several consultants in order to complete the analysis 
and investigation work for hydrogen blending, including a consultant experienced with 
town-gas applications and a global consulting firm specializing in risk management 
(para 18). 
EGI has concluded that blending hydrogen in a concentration of up to 2% hydrogen is 
safe and reliable for the LCEP. To define the appropriate hydrogen blending 
concentration (2%), EGI followed an assessment methodology that included a research 
and development (R&D) work stream (i.e., literature review) to leverage existing 
industry knowledge and recommendations from the Canadian Gas Association (CGA) / 
American Gas Association (AGA) Task Force on Hydrogen Blending, the HYREADY 
Consortium, the multi-year European-led NATURALHY technical study and other 
technical literature (paras 20-21). 
EGI’s assessment methodology also included a work stream focused on gas distribution 
network hydrogen tolerance. EGI’s investigation into the Blended Gas Closed Loops 
concluded that 5% hydrogen by volume can be injected (para 24). 

Question: 

Please file copies of any reports, working papers, presentations, datasets, 
or other materials related to the work performed by the consultant 
experienced with town-gas applications. 
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Please file copies of any reports, working papers, presentations, datasets, 
or other materials related to the work performed by the global consulting 
firm specializing in risk management. 

Please file copies of any reports, working papers, presentations, datasets, 
or other materials that EGI reviewed in connection with its literature review, 
including any such materials related to the CGA/AGA Task Force on 
Hydrogen Blending, the HYREADY Consortium, and the multi-year 
European-led NATURALHY technical study. 

Given that EGI’s investigation concluded that up to 5% hydrogen by 
volume can be injected (para 24), please provide an outline of the reasons 
why EGI limited both the study and the LCEP to injection of 2% hydrogen 
by volume. Please file copies of all related reports, working papers, 
presentations, datasets, or other materials. 

Please file a copy of the 2-year engineering assessment recommending 
2% hydrogen by volume (Exhibit F, Tab 1, Schedule 1, Attachment 5, p. 3). 

Please provide (preferably in table format) EGI’s assessments of the 
potential greenhouse gas (GHG) emissions reductions, additional power 
and gas efficiencies, and costs that may result under each of the following 
scenarios: 

(i) 4% hydrogen by volume and: 
a. 15% enhanced used of natural gas blend as a transportation 

fuel; and 
b. status quo usage of natural gas and 15% enhanced use of 

electricity as a transportation fuel. 
(ii) 2% hydrogen by volume and: 

a. 15% enhanced used of natural gas blend as a transportation 
fuel; and 

b. status quo usage of natural gas and 15% enhanced use of 
electricity as a transportation fuel. 

Response: 

a) to c) Attachment 1 to this response sets out a literature review report developed by 
the CGA/AGA. The report contains a summary of findings of a literature review 
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conducted by the CGA/AGA related to hydrogen blending. The CGA has confirmed 
that this document can be publicly produced. 

Enbridge Gas has summarized the findings of its technical review and reports from 
consultants in Exhibit B, Tab 1, Schedule 1, Attachment 1. 

Enbridge Gas has responded to other interrogatories seeking specific additional 
information about technical aspects of the Project. 

Enbridge Gas believes that there is sufficient information on the record related to the 
safety and technical aspects of the Project. 

Other than the CGA/AGA study, Enbridge Gas is not prepared to provide copies of the 
requested documents (engineering assessment, consultant report, working papers and 
datasets) for several reasons, including the following. 

• The detailed review undertaken by Enbridge Gas (including work by consultants) 
includes technical information that will be valuable to third parties, including other 
parties seeking to commercialize hydrogen and/or use hydrogen in gas 
distribution systems. It is not in the interests of Enbridge Gas and its ratepayers 
to file such material so that it will be available to these other parties at no cost. 
That deprives Enbridge Gas and its ratepayers of potential future financial benefit 
of this material. 

• Some of the material requested comes from third party consultants and 
organizations who have provided the material to Enbridge Gas on a paid basis, 
and on the understanding that it will not be shared publicly.  Those third parties 
will suffer harm if their work product is provided to the public at no charge. 

• The information requested is technical in nature and some of it relates 
specifically to the portions of the Enbridge Gas distribution system being 
considered for the Project.  The Company is concerned that other parties who 
access the detailed technical information being requested could mis-interpret of 
mis-use the information, causing potential safety concerns and potential future 
exposure to Enbridge Gas. 

d) Enbridge Gas’s engineering assessment concluded that 2% hydrogen blending is 
the acceptable limit for the selected injection area. The 5% by volume limit 
referred to in the question was based on review of the different components in 
the subject distribution network – when other parts of the review were also taken 
into account, the conclusion was that 2% blending was the appropriate limit (see 
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Exhibit B, Tab 1, Schedule 1, Attachment 1, para. 33). 

e) Refer to H2GO 1 a) to c). 

f) i) to ii) 
Set out below are the GHG emission impacts of using hydrogen blending of 2%. 
Enbridge Gas is not requesting a 4% blending approach. As explained at 
Exhibit I.STAFF.2, Enbridge Gas has arranged to receive hydrogen for 2% blending at 
no additional cost versus conventional natural gas.  There is no such agreement for the 
volume of hydrogen required for 4% blending.  Enbridge Gas estimates the emission 
reduction from its LCEP pilot to be in the range of 97 to 120 tCO2e/yr. 

No responses are provided for the request to consider the implications of the enhanced 
use of natural gas and electricity as a transportation fuel, since these are outside the 
scope of this application. 



 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 
 

 
 
 

 

 
 

 

Filed:  2020-07-09, EB-2019-0294, Exhibit I.H2GO.1, Attachment 1, Page 1 of 16

Blending of 

Hydrogen into 

Natural Gas 

Delivery Systems 

Information Summary 
Report 

May 2019 



  

           
            

 

                
           

        
             

  

  
          

              
                

          
 

       
               

           
            

 

               
          

             
 

                
               

              
                

 

  
                 

 

                
  

           
  

          
 

Filed:  2020-07-09, EB-2019-0294, Exhibit I.H2GO.1, Attachment 1, Page 2 of 16

LEGAL NOTICE 

The American Gas Association (AGA) and Canadian Gas Association (CGA) provide forums for industry experts to bring 
their collective knowledge together to improve the state of the art in the areas of operating, engineering and 
technological aspects of producing, gathering, transporting, storing, distributing, measuring and utilizing natural gas. 

Through its publications, of which this is one, AGA and CGA provide for the exchange of information within the natural 
gas industry and scientific, trade and governmental organizations. Many publications are prepared or sponsored by a 
technical committee or task group. While AGA or CGA may administer the process, neither AGA, CGA nor the technical 
committee/task group independently tests, evaluates or verifies the accuracy of any information or the soundness of 
any judgments contained therein. 

AGA and CGA disclaim liability for any personal injury, property or other damages of any nature whatsoever, whether 
special, indirect, consequential or compensatory, directly or indirectly resulting from the publication, use of or reliance 
on AGA publications. AGA and CGA make no guarantee or warranty as to the accuracy and completeness of any 
information published therein. The information contained therein is provided on an “as is” basis and AGA and CGA 
make no representations or warranties including any expressed or implied warranty of merchantability or fitness for a 
particular purpose. 

In issuing and making this document available, AGA and CGA are not undertaking to render professional or other 
services for or on behalf of any person or entity. Nor is AGA and CGA undertaking to perform any duty owed by any 
person or entity to someone else. Anyone using this document should rely on his or her own independent judgment 
or, as appropriate, seek the advice of a competent professional in determining the exercise of reasonable care in any 
given circumstances. 

AGA and CGA have no power, nor do they undertake, to police or enforce compliance with the contents of this 
document. Nor does AGA and CGA list, certify, test or inspect products, designs or installations for compliance with 
this document. Any certification or other statement of compliance is solely the responsibility of the certifier or maker 
of the statement. 

AGA and CGA do not take any position with respect to the validity of any patent rights asserted in connection with any 
items that are mentioned in or are the subject of this publication, and AGA and CGA disclaim liability for the 
infringement of any patent resulting from the use of or reliance on its publications. Users of these publications are 
expressly advised that determination of the validity of any such patent rights, and the risk of infringement of such 
rights, is entirely their own responsibility. 

Users of this publication should consult applicable federal, state and local laws and regulations.  AGA and CGA do not, 
through this publication intend to urge action that is not in compliance with applicable laws, and its publications may 
not be construed as doing so. 

Changes to this document may become necessary from time to time. If changes are believed appropriate by any person 
or entity, such suggested changes should be communicated to AGA and CGA in writing and sent to: 

AGA - Operations & Engineering Section, American Gas Association, 400 North Capitol Street, NW, 4th Floor, 
Washington, DC 20001, U.S.A., and 

CGA - Operations & Safety, Canadian Gas Association, 350 Albert Street, Suite 1200, Ottawa, Ontario, 
Canada, K1R 1A4. 
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Suggested changes must include: contact information, including name, address and any corporate affiliation; full 
name of the document; suggested revisions to the text of the document; the rationale for the suggested revisions; 
and permission to use the suggested revisions in an amended publication of the document. 

Copyright © 2018, American Gas Association, All Rights Reserved. 

Copyright © 2018, Canadian Gas Association, All Rights Reserved. 
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SUMMARY 

A successful transition towards a cleaner and more sustainable energy system in the next decades will 
require large scale implementation of sustainable and renewable energy sources. Renewable power 
sources, like wind and solar energy, can mainly be distinguished from conventional fossil-based power 
sources by their low life cycle carbon emissions and their intermittent character. By introducing intermittent 
energy sources, the need for overall flexibility in our energy system increases strongly. Multiple solutions 
exist for providing the required flexibility; one of them is Power-to-Gas (PtG). 

Power-to-Gas is the common description of the conversion of electrical energy into chemical energy in the 
form of hydrogen or methane. The process typically uses water electrolysis, powered from renewable 
energy sources, to ‘split’ water molecules (H2O) to produce hydrogen (H2) and oxygen (O). Hydrogen can be 
directly fed into the existing natural gas infrastructure and blended with natural gas. To convert and feed in 
a greater volume of renewable electricity, methane (synthetic natural gas, SNG) can be produced in a second 
step using this hydrogen with the addition of carbon dioxide. 

This alternative energy concept is currently being piloted in Europe and has the potential to deliver a number 
of overall societal benefits to North America (Appendix A). These include development of an additional 
renewable energy supply and reduction in the greenhouse gas emissions profile of natural gas, development 
of a mechanism to help balance the power system using surplus electricity in off-peak periods and provision 
of a storage vessel for surplus electricity. Existing gas infrastructure may be leveraged (pipes and gas-
powered electricity generating plants) to reduce the need for building additional electrical generation or 
transmission facilities. It could also help enable the growth of the use of hydrogen powered vehicles. 

As part of the United States and Canada's commitment to increase the use of renewable and alternate 
energy in North America, the AGA’s Operations Section Managing Committee and the CGA’s Standing 
Committee on Operations and Safety formed a Task Group to conduct an open-source literature search 
around the introduction of hydrogen into existing natural gas delivery systems. 



 

           
        

   

       
       

  
          

     

   

               
           
   

    

        
   

              
     

    
        

             
       

        
  

         
    

 

         
        

               
           

        
             

      
        

      
          

 

Filed:  2020-07-09, EB-2019-0294, Exhibit I.H2GO.1, Attachment 1, Page 5 of 16

General Note 

In reading this Blending of Hydrogen into Natural Gas Delivery Systems, Information Summary Report, it 
must be understood that the agree-to scope for the Task Group’s work was for 0% to 5% blending of 
hydrogen into natural gas. 

This specific scope limitation was in no way meant to imply that blending rates greater than (>) 5% are not 
possible or feasible. The CGA & AGA believe that hydrogen blending at >5% is an important consideration 
for a number of reasons, that will require further, separate study that both organizations will take forward 
as a possible next step in their combined work around understanding potential sustainable and renewable 
energy sources. 

Summary of Findings from the Literature Search 

The body of information found via the literature search was substantial. A key finding was that, due to the 
complexity of natural gas delivery systems, and the wide variety of the components, materials and 
equipment, it is not possible to specify a limiting hydrogen value which would be valid for all parts of North 
American natural gas delivery infrastructure. 

And as with every ongoing research subject and initiative, there are gaps in the knowledge, and studies do 
not always come to the same conclusions. Nonetheless, the information summarized from the literature 
search suggests that the natural gas delivery system may be able to accommodate blending of hydrogen 
from 0% to 5% with little effect on the systems being utilized for delivery or the end user. 

However, it must be understood that a system-specific analysis will be required for each location where the 
introduction of hydrogen is being considered, to determine specific hydrogen concentrations that do not 
pose an unacceptable level of risk to the affected areas of the natural gas system or end-users. In particular, 
the non-typical end-use equipment within any given natural gas delivery system must be identified and 
considered individually through a detailed engineering assessment, e.g., dispensing to CNG vehicles, natural 
gas use as a feedstock, etc. 

Each system, code and regulatory framework is different and proposed solutions must be customized 
accordingly even if an engineering assessment is carried out. 

Recommendations 

Based on the results of this literature search, the acceptability of hydrogen blending into natural gas streams 
from 0% to 5% will depend on critical pipeline system components, end-user equipment tolerances and 
operating considerations. These items, among others, would need to be addressed and documented in an 
engineering assessment that would examine the safety, integrity and reliability of company-owned and 
customer-owned assets. The corresponding company would also need to ensure that the blended gas meets 
its tariff requirements. However, it is in no way a general value, and each organization must consider a 
number of factors which must be applied on a system-by-system basis, i.e., each specific system must be 
looked at in the context of the materials it is made up of and the end-users that it serves. It should be noted 
that there is no one international standard for the percentage blending rate of hydrogen into natural gas 
delivery systems. Upgrading of components can be considered by the distribution company where it is 
feasible and practical to do so. 
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General Considerations 

Natural gas infrastructure is rather complex: from the production sites to storage, transmission and 
distribution pipelines to a wide variety of end-users, there are many types of materials, components and 
appliances to consider. Blending hydrogen into natural gas requires attention to safety, integrity, reliability 
and interchangeability, as hydrogen has different properties than methane. 

Each organization considering blending hydrogen into natural gas streams should review and understand 
their own system details. The information gathered may assist each organization in their decision-making 
processes within their own tolerance parameters concerning hydrogen blending into natural gas streams. 

Comparison of Hydrogen & Methane Properties 

The basic properties of hydrogen (H2) are different than those of methane (CH4), the primary component of 
natural gas (92% - 96%), as shown in the table below. 

Hydrogen is a colourless, odourless1, tasteless, non-toxic, and non-poisonous gas. It’s also non-corrosive, 
but it can lead to embrittlement in some metals, especially steel alloys. Compared to methane, hydrogen is 
a very small and light molecule with low viscosity, and thus prone to leakage through porous materials, 
fittings, and seals. Hydrogen has the lowest density of all gases: it is 8 times less dense than methane. 

Due to its low density, hydrogen has a volumetric energy content 3 times lower than methane at standard 
conditions for temperature and pressure. This means more hydrogen is needed to provide the same energy 
as methane (by volume). Since hydrogen does not have the same density and volumetric energy content as 
methane, its Wobbe Number is different. Being that it is an indicator of the interchangeability of fuel gases, 
it means that a burner rated for natural gas may not function correctly with the addition of hydrogen. 

Hydrogen has a broader flammability range than methane, and under the optimal combustion conditions 
(e.g., stoichiometric conditions: a 29% hydrogen-to-air or a 9% methane-to-air volume ratio), the energy 
required to initiate hydrogen combustion is much lower (e.g., a small spark will ignite it). The flame speed 
of hydrogen is also far greater than that of methane (8 times), meaning the flame propagation in a hydrogen-
air mixture is much quicker. For these reasons, hydrogen is a much more flammable gas than methane. 
However, it should be noted that the auto-ignition temperatures3 of hydrogen and methane are very similar. 

1 Methane is also odourless, but industry adds a sulfur-containing odorant to natural gas for safety reasons, so that 
people can detect it by smell. 



                                        
  

   

   

  
 

 

 

 

    

   

 
  

 

  

 

  
  

  

  

  

  
  

  

  

  

     

      

 
 

  

  

  

  

  
  

  

  

  

 
  

 

  

 

  
  

 

 

 

 
  

   
   

   
    
     

Filed:  2020-07-09, EB-2019-0294, Exhibit I.H2GO.1, Attachment 1, Page 7 of 16

Comparison between the properties of hydrogen and 
methane as the principal constituent of natural gas 

Item Methane Hydrogen 

Chemical Formula CH4 H2 

Molecular Size1 
416 pm 

(isotropic molecule) 

340 pm / 304 pm 

(anisotropic molecule) 

2Molar Mass 16.043 g/mol 2.016 g/mol 

Specific Gravity2 0.5548 0.0695 

Density2 
0.6787 kg/m³ 

0.0424 lb/ft3 

0.0851 kg/m³ 

0.0053 lb/ft3 

Higher Calorific Value (HHV)2 
37.7 MJ/m3 

1,013 BTU/ft3 

12.1 MJ/m3 

325 BTU/ft3 

Wobbe Number (WN)2 
50.6 MJ/m3 

1,359 BTU/ft3 

45.9 MJ/m3 

1,231 BTU/ft3 

Lower Explosive Limit (LEL) 5 % 4 % 

Upper Explosive Limit (UEL) 15 % 75 % 

Minimum Ignition Energy (MIE) 
at Stoichiometric Ratio 

0.300 mJ 

0.284 µBTU 

0.017 mJ 

0.002 µBTU 

Auto-ignition Temperature 
600 °C 

1,112 °F 

560 °C 

1,040 °F 

Flame Speed 
0.43 m/s 

1.41 ft/s 

3.46 m/s 

11.35 ft/s 

Boiling Point 
-161.5 °C 

-258.7 °F 

-252.8 °C 

-423.2 °F 

Products of Combustion 
Carbon Dioxide (CO2) 

Water Vapour (H2O) 
Water Vapour (H2O) 

All properties given at standard conditions for temperature and pressure (15.6°C and 101.4 kPa or 60°F and 14.7 psia) 
1 Molecular size based on the Van der Walls radius of the molecule. 
2 Value of properties calculated in accordance to standard ISO 6976 with NGTC’s Interchangeability Calculator. 
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General Energy Delivery System Considerations 

• Safety & Integrity; 

• Load-balancing; 

• Transmission & Distribution; 

• End-Users: 
o Interchangeability; 
o Residential & Commercial; 
o Industrial (equipment and feedstock); 
o Transportation. 

Higher Heating Value (HHV) & Wobbe Number 

The HHV seems the most obvious property to consider when looking at the interchangeability of gases, 
however, it only provides a crude indication; the Wobbe Number was defined to give more accurate 
information. The definition of the Wobbe Number is based on the HVV and specific gravity of a gas and it is 
related to the thermal input to a burner (BTU per hour). The usefulness of the Wobbe Number is that for 
any given orifice, all gas mixtures that have the same Wobbe Number will deliver the same amount of heat. 

Given that hydrogen’s HVV and Wobbe Number are lower than methane’s, the addition of hydrogen to 
natural gas produces a blend with a reduced HHV and Wobbe Number; in other terms, the energy content 
decreases with higher percentages of hydrogen. However, the decrease is much more significant for the 
HHV than the Wobbe Number, which suggests that this property would become limiting first (see table 
below). 

Impact of blending hydrogen into methane on the 
Higher Heating Value and the Wobbe Number 

Blend Higher Heating Value (HHV) Wobbe Number 

100 % Methane 
37.7 MJ/m3 

1,013 BTU/ft3 
-

50.6 MJ/m3 

1,359 BTU/ft3 
-

99 % Methane / 1 % Hydrogen 
37.5 MJ/m3 

1,006 BTU/ft3 
- 0.7 % 

50.5 MJ/m3 

1,356 BTU/ft3 
- 0.2 % 

98 % Methane / 2 % Hydrogen 
37.2 MJ/m3 

999 BTU/ft3 
- 1.4 % 

50.4 MJ/m3 

1,353 BTU/ft3 
- 0.4 % 

95 % Methane / 5 % Hydrogen 
36.4 MJ/m3 

978 BTU/ft3 
- 3.5 % 

50.0 MJ/m3 

1,343 BTU/ft3 
- 1.2 % 

All properties given at standard conditions for temperature and pressure (15.6°C and 101.4 kPa or 60°F and 14.7 psia). 
Value of properties calculated in accordance to standard ISO 6976 with NGTC’s Interchangeability Calculator 
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It should be noted that while Wobbe is an effective, easy to use screening tool for interchangeability, the 
industry historically recognizes that the Wobbe Number alone is also not sufficient to completely predict 
gas interchangeability because it does not adequately predict all combustion phenomena. The same thing 
can be said about the HHV. 

Specific Blending Rate Admissibility Considerations 

The specific blending rates and the accompanying information in this Information Summary Report are 
intended for use by each organization in their decision-making processes within their own risk tolerance 
parameters concerning hydrogen introduction into natural gas streams. Given the complexity of natural gas 
delivery systems, this Information Summary Report is an overview focusing on larger issues and is not 
intended to be an exhaustive investigation. 

There are any number of suggestions about what percentage of hydrogen in natural gas streams should be 
considered. The GERG study states that it is not currently possible to specify a limiting hydrogen value which 
would generally be valid for all parts of the European gas infrastructure, and a case-by-case analysis is 
therefore recommended. 

For this Information Summary Report, the PtG TG did decide to limit the consideration of blending hydrogen 
into natural gas streams to 0% to 5 %. This was chosen for three reasons: 

• There is a greater body of research and analysis work, primarily European, for blending rates of 
under 5% leaving less uncertainty and fewer potential operating concerns. 

• Under 5% hydrogen, the literature reviewed seems to indicate there is little impact on the Wobbe 
Number, thereby having little impact on end-use. 

• Typical natural gas tariff specifications on the higher heating value support a hydrogen content of 
5%. 

The specific percentage blending information obtained from the literature search has been summarized into 
specific groupings in the tables below: 

• General Knowledge Points; 

• Areas where no H2 Blending into NG streams have been addressed; 

• H2 Blending into NG streams at less than or equal to (≤) 1%; 

• H2 Blending into NG streams at less than or equal to (≤) 2%; 

• H2 Blending into NG streams at less than or equal to (≤) 5%. 

Each percentage level of hydrogen blending into natural gas streams identifies potential risks/areas of 
concern and what actions could be considered. 



      

     

  
 

 
 

 

   
  

 
  

 
  

 
 

  

 
 

 

 
 

  

 
  

 

  
  

   

 
 

 
 

 
 

 

  
 

  
 

  
  

   
  

 

  
 

 

 

 

 
 

 

 
 

 

  
 

  

Filed:  2020-07-09, EB-2019-0294, Exhibit I.H2GO.1, Attachment 1, Page 10 of 16

Blending of H2 in NG, General Knowledge 

Specifics Areas of Focus Potential Impacts Comments 

Safety – Fire and 
Explosion Risks 

Hydrogen has a broader 
range of conditions under 
which it will ignite. 

Results indicate that mixtures of 0% 
to 5% hydrogen in natural gas 
unlikely to present a significantly 
greater issue in practical situations. 

Integrity – Hydrogen The durability of high- Existing studies have concluded 
Embrittlement and strength metal pipes can that concentrations of hydrogen at 
Durability of Metal Pipes degrade when exposed to 

hydrogen over long periods, 
particularly with hydrogen in 
high concentrations and at 
high pressures. 

0% to 5% do no cause any issues for 
metal pipes. 

Blending of 
H2 in NG 

General 
Knowledge 

Points 

Integrity – Permeability of 
Hydrogen Through Metal 
and Plastic Pipes 

The hydrogen permeation 
coefficient in plastic piping is 
4-7 times higher than that of 
methane. 

Leakage rates from permeation are 
insignificant from a safety point of 
view. Existing studies have 
concluded that concentrations of 
hydrogen at 0% to 5% do not cause 
any issues. 

Integrity – Leakage Leakage rates through joints 
in steel pipes for hydrogen 
are about three times higher 
than that for natural gas. 

At o% to 5% of hydrogen, leakage is 
negligible in gas distribution 
pipework systems. 

Gas Meters Volumetric gas meters will 
record quantities of either 
methane or 
methane/hydrogen mixtures 
with almost equal accuracy. 
Mass flow meters are not 
affected. 

Calibration and approval from 
Federal Authorities (e.g.  
Measurement Canada) may be 
needed. 

Pressure Reduction 
Stations 

Pressure reduction stations 
are not affected by the 
addition of hydrogen, as it 
pertains to temperature 
effects. 

Temperature increases with 
hydrogen as it expands and this 
increase will depend upon 
percentage of hydrogen. 
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Blending of H2 in NG, General Knowledge 

Specifics Areas of Focus Potential Impacts Comments 

Odorization There seems to be no 
chemical incompatibility 
issues of notes between 
hydrogen and the odorizing 
compounds commonly used in 
natural gas. However, the 
literature reviewed does not 
state clearly why odorants are 
non-reactive with hydrogen. 

Most odorants contain sulphur, and 
hydrogen is often used in chemical 
processes which would be 
adversely affected by the presence 
of sulphur compounds. If the 
natural gas-hydrogen blend is to be 
used as a hydrogen feedstock, 
sulphur-containing odorants will 
need to be removed prior to use. 

Interchangeability: A mixture of hydrogen with Based on sample tariffs, 5% 
Impacts on Higher natural gas will decrease the hydrogen could be added while still 
Heating Value and higher heating value and the respecting the specifications for the 

Blending of 
Wobbe Number Wobbe Number. HHV, and Wobbe Number. 

H2 in NG 
Interchangeability: The addition of hydrogen also 

General 
Knowledge 

Points 

Other Impacts increases flashback and lifting, 
reduces yellow tipping and 
creates a more complete 
combustion. 

Impact on End-use Effects of hydrogen addition A case-by-case approach is 
Systems on end-use systems are 

variable due to the wide range 
of existing equipment. Some 
might tolerate high hydrogen 
blends while for others, no 
hydrogen blends would be 
acceptable. How well the 
equipment is adjusted will also 
have an impact on the 
hydrogen content it could 
tolerate. 

preferable. 
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Blending of H2 in NG, Points Not Addressed 

Specifics Areas of Focus Potential Impacts Comments 

Blending 
of H2 in 

NG 

Points not 
addressed 

Underground Gas Storage 
(UGS) 

Hydrogen addition could have 
an impact on the tightness of 
the cap rock, both for porous 
reservoirs and salt caverns. 

In porous reservoirs, there is 
also the potential for bacterial 
growth. Hydrogen is a good 
substrate for sulfate-reducing 
and sulphur reducing bacteria. 
The associated issues are 
principally loss of gas volume 
and disappearance of injected 
hydrogen, as well as potential 
damage to the cavity itself, 
and production of H2S 
(poisonous, corrosive, and 
flammable). 

The geology, operating pressure 
and temperature will differ 
according to reservoir and 
therefore the degree to which 
hydrogen addition may be 
problematic will also differ. The 
suitability of UGS should be 
carefully assessed on an 
individual basis. 

It is worth noting that hydrogen 
storage within caverns or porous 
reservoirs is exercised in specific 
locations within Europe and the 
US, but there is a lack of 
information on the subject. 

Natural Gas Liquefaction 
Plants 

Hydrogen is a non-
condensable gas and will 
therefore pass through an 
LNG liquefaction system, 
adding a non-productive load 
on the compressors and 
ultimately degassing in the 
LNG tanks. 

No publicly available information 
concerning the impact of 
hydrogen addition on LNG 
facilities was found in the 
literature review. Further 
research is needed. 

Gas Metering The addition of hydrogen 
changes the properties of the 
gas. Thus, it has an effect on 
volume measurement, gas 
composition analysis, 
metering and measurement of 
calorific value. 

Federal Government approval 
might be required. 

Compressor Stations – In addition to compressors, No information was found about 
Equipment Other Than compressor stations include potential issues with the addition 
Compressors other equipment such as gas 

cooling systems. 
of hydrogen for this equipment. 
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Blending of H2 in NG at ≤ 1% 

Specifics Areas of Focus Potential Impacts Comments 

Gas Chromatographs Chromatographs are unable to 
detect hydrogen. 

Only low levels of hydrogen are 
acceptable for now, but 
chromatographs could be 
retrofitted to measure hydrogen. 

End-users – Industrial The consequences of mixing 

Blending 
of H2 in 
NG at 

≤ 1% 

Combustion Equipment hydrogen with natural gas for 
industrial combustion 
applications should be 
considered case by case. 
Compared to domestic or 
commercial equipment, 
industrial equipment usually 
has stricter fuel specifications, 
and therefore narrower 
tolerances for fuel composition 
variations. 

End-users – Gas Turbines Most of the currently installed 
gas turbines are specified for a 
1 % blend of hydrogen in 
natural gas. Even very low 
fractions of hydrogen to natural 
gas could cause issues due to 
low tolerances to gas 
composition variation, 
including increasing NOx 
emissions. 

Up to 5% may be attainable with 
tuning or modification measures. 
Current fuel specifications for 
many gas turbines place a limit on 
the hydrogen content in natural 
gas below 5 %. 

End-users – Feedstock Effects of hydrogen addition 
are dependent on the process 
involved. 

Action is needed in order to 
identify sensitive processes and 
mitigation measures. 
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Blending of H2 in NG at ≤ 2% 

Specifics Areas of Focus Potential Impacts Comments 

Blending 
of H2 in 

End-users – Stationary 
Reciprocating Gas Engines 

Addition of hydrogen reduces 
the Methane Number of the 
fuel and increases knocking in 
engines. It can also increase 
NOx emissions. 

Existing studies have concluded 
that 2-5 % hydrogen addition 
could be acceptable for engines. 
Pending further study, caution 
suggests setting the limit at the 
lower end of the study's results, 
i.e., 2 %. 

NG at Transportation – Steel A maximum limit of 2 % Type 3 or 4 tanks for on-board 

≤ 2% Tanks in CNG Vehicles hydrogen in CNG as a fuel is 
set for tank cylinders that are 
manufactured from steel with 
an ultimate tensile strength 
exceeding 950 MPa 
(137,800 psi), which is usually 
the case of type 1 and 2 tanks. 

storage are technologically 
mature and used in fuel cell 
hydrogen electric vehicles, as well 
as in some models of CNG 
vehicles. 
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Blending of H2 in NG at ≤ 5% 

Specifics Areas of Focus Potential Impacts Comments 

Blending 
of H2 in 
NG at 

≤ 5% 

Safety – Leak Detection FID & DIAL devices are not 
sensitive to hydrogen and will 
give an inaccurate response 
due to the diluting effect of 
addition of H2. 

In terms of accuracy, use of FID and 
DIAL devices could be acceptable in 
situations with hydrogen blends up 
to 5 %, but it needs further 
investigation. 

Compressors Centrifugal compressors are 
affected by hydrogen’s higher 
volumetric flow rate: either 
the rotational velocity would 
have to be increased or a 
higher number of 
compression stages would be 
required. 

At 0% to 5% of hydrogen, the 
effects are expected to be minor, 
but further investigations should be 
performed. 

End-users – Residential & 
Commercial 

Available studies show that 
the current appliances can 
handle the addition of 5 % to 
28 % hydrogen if they are 
properly serviced and 
adjusted. 

Due to the wide range of hydrogen 
limits recommended in the studies, 
and the wide variety of existing 
appliances, caution suggests setting 
the limit, pending further study, at 
the lower end of the studies' 
results, i.e., 0% to 5%. 

Transportation – Engines in 
CNG Vehicles 

The impact of hydrogen 
mixture for natural gas vehicle 
engines is similar to stationary 
engines, but vehicle engines 
do not suffer the same knock 
problems since they are not 
tuned to optimum efficiency 
and can therefore tolerate 
higher hydrogen blends. 
However, due to hydrogen’s 
lower energy content, the 
vehicle range will be reduced. 

Since the literature on the subject 
is limited, caution suggests setting 
the limit lower, ≤5%. 

Transportation – Refuelling 
Stations 

CNG dispensers rely on mass-
based flow meters for proper 
fill level (temperature 
compensation) and retail sale. 

Need for "smart" dispenser 
controls and/or communications. 
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APPENDIX A. POTENTIAL BENEFITS OF BLENDING H2 IN NATURAL GAS STREAMS 

The Rational for Power-to-Gas 

• Grid-scale storage is needed to support rapidly expanding intermittent renewable power sources 
such as solar and wind energy, i.e., balancing of the electric grid and making use of excess power in 
off-peak periods. 

• Existing natural gas grid infrastructure can be leveraged to support renewable power development 
and to stabilize the power grid, by using natural gas piping systems as energy storage vessels for 
(renewable) electricity both short-term and seasonal. 

General Societal Benefits 

• Expanded use of natural gas piping systems as delivery vessels for renewable energy, e.g., 
biomethane, hydrogen, syngas, solar fuels, etc. 

• Decarbonizing heat/reducing greenhouse gas (GHG) emissions. 

• Enabling the growth of hydrogen powered transportation adoptions. 

• Production of gas or chemicals from renewable sources as feedstock for industry and mobility. 

• Paving the way for methanation, the production of synthetic methane from hydrogen and carbon 
dioxide. 

Benefits for the Gas Industry 

• Ongoing knowledge development for the future optimization of the gas network. 

• Regulatory Compliance, e.g., potential regulation around renewable energy content and emissions. 

• Environmental stewardship; assisting the natural gas delivery industry in pursuit of its aspirational 
goals for renewable energy content within natural gas streams. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

H2GO Canada (H2GO) 

INTERROGATORY 

Reference: 

Exhibit A, Tab 2, Schedule 1, paras 6, 13 
Exhibit B, Tab 1, Schedule 1, paras 6-7, 26-27 

Preamble: 

With leave of the Board, EGI expects to commence construction of the LCEP in the 
second quarter of 2021. EGI says this timing is required in order to gain experience with 
the blending of hydrogen into the natural gas distribution system in advance of pending 
carbon abatement regulations (including the Clean Fuel Standard (CFS)). 
EGI states that the CFS will seek to reduce the carbon footprint of carbonaceous fuels 
by setting “lifecycle carbon intensity requirements for liquid, gaseous and solid fuels 
used in transportation, industry and buildings” and will become more stringent over time. 
EGI indicates that hydrogen is expected to be a means of compliance and a pathway for 
the generation of CFS credits and that the LCEP will prepare the natural gas grid for 
implementation of the CFS. 
EGI also believes that successful implementation of this pilot project will support it in 
pursuing additional and larger scale hydrogen blending activities in other parts of its 
distribution system. 

Question: 

A. Please provide an outline of the steps EGI proposes to take in order to 
gain the necessary experience with the blending of hydrogen into the 
natural gas distribution system over the period prior to the second 
quarter of 2021. 

B. Please provide an outline of how EGI proposes to learn from the LCEP 
in order to prepare the natural gas grid for implementation of the CFS. 
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C. Does EGI anticipate that it will retain ownership of any environmental 
attributes generated through the LCEP? If so, please explain how it will 
account for such environmental attributes. If not, please explain why not. 

D. Please provide an explanation of how EGI envisions that pathway for the 
generation of CFS credits under projects similar to the LCEP. 

E. Please file any and all analysis EGI has performed in connection with the 
use of hydrogen in the natural gas grid as a means of compliance with 
the CFS. 

F. Please outline EGI’s plans to pursue “additional and larger scale 
hydrogen blending activities in other parts of its distribution system.” 

G. The CFS for gaseous and solid fuel regulations will come into force January 1, 
2023. Please complete the following chart: 

Year Estimated Volume of Estimated GHG Anticipated Number of 
Hydrogen Blending by Emissions Reductions CFS Credits Generated by 
EGI (m3) from Hydrogen EGI through Hydrogen 

Blending by EGI (tCO2e) Blending Activities 

2023 

2024 

2025 

2026 

2027 

2028 

2029 

2030 

2031 

2032 

2033 



   
  
    
    
  
 

 

  
 

 
  

 

   
  

   
    
    

 
 

 
  

    
  

 
 

   

     
   

     
    

 
  

 
    

     

    
    

  
     

   
  

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.H2GO.2 
Page 3 of 5 

H. Please provide any and all assumptions that EGI has made regarding the 
design and implementation of the CFS system in Canada, its inter-operability 
with the US, the fungibility of the CFS, and US and California  LCFS related 
credits/units. 

I. Please comment on how hydrogen blending may currently and over the next 
five years impact: 

(i) gas storage; 
(ii) security of natural gas supply; and 
(iii) natural gas commodity and transportation pricing. 

Response: 

A. The intent of the referenced evidence is to indicate that Enbridge Gas 
seeks to have the LCEP pilot approved and in operation by the time that 
the CFS is implemented, so that the Company can have practical 
experience to evaluate whether additional similar projects are 
appropriate as ways to address obligations under the CFS. 

B. The Clean Fuel Standard (“CFS”) is designed to lower the carbon 
intensity of distributed fuels. The blending of low carbon fuels, such as 
renewable natural gas (“RNG”) and hydrogen, is anticipated to be the 
most readily available method of meeting the CFS compliance obligation 
for Enbridge Gas. The amount of low carbon fuels required to meet the 
compliance obligation is anticipated to increase over time. It is important 
to gain experience in the injection and distribution of hydrogen in the 
natural gas system, so as to make the receipt of hydrogen in other areas 
of the natural gas system a viable compliance option in the future. 

C. Enbridge Gas expects the production of hydrogen to generate CFS 
credits or other environmental attributes that will be initially owned by 
2562961 Ontario Ltd. Where custody of the hydrogen fuel is transferred 
between parties, Enbridge Gas anticipates the ownership of any 
environmental attributes will be specified between parties under 
hydrogen fuel purchase agreements. Enbridge Gas will determine its 
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interest in acquiring environmental attributes with the hydrogen fuel 
where it sees value in doing so. 

D. Please refer to Exhibit I.Staff. 2(h). 

E. To date, Enbridge Gas has not performed an analysis of hydrogen as a 
means of compliance with the CFS as two principal gaseous fuels CFS 
design components have yet to be released. Firstly, the lifecycle 
assessment (“LCA”) model that Enbridge Gas would be required to use 
to calculate the carbon intensity of hydrogen produced from the Power to 
Gas facility has not yet been released. Secondly, the gaseous carbon 
intensity reduction requirements have yet to be released so that the 
potential credit value of the hydrogen produced from the Power to Gas 
facility cannot be estimated. 

F. Enbridge Gas’s approach will be disciplined. The first step following 
approval by the Board of this application is for the Company to safely 
and effectively blend a small, carefully determined amount of renewable 
hydrogen into a small but carefully selected portion of its natural gas 
distribution system. 

Upon implementation, the Company will monitor and validate the effects 
of its intended hydrogen blend into the system, and make 
recommendations on where, when and how any plans for larger scale 
blending should be implemented. 

Finally, any proposals for additional blended gas areas within the 
Enbridge Gas distribution system would be evaluated on a case by case 
basis for discrete areas and would not be done system wide. 

G. The anticipated number of CFS credits generated from hydrogen 
produced from the Power to Gas facility cannot currently be estimated, 
as per the explanation provided in E above. The estimated volume of 
hydrogen produced and estimated GHG reductions are provided in the 
table below. 
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Year Estimated Volume 
of Hydrogen 
Blending by EGI 
(m3) 

Estimated GHG 
Emissions 
Reductions from 
Hydrogen 
Blending by EGI 
(tCO2e) 

Anticipated 
Number of CFS 
Credits Generated 
by EGI through 
Hydrogen Blending 
Activities 

2023-
2040 

200,000 m3/yr 97 to 120 tCO2e/yr Not available 

H. Enbridge Gas assumes there will be no fungibility of CFS credits with the 
US Renewable Fuel Standard (“RFS”) or the California Low Carbon Fuel 
Standards (“LCFS”), or acceptance of credits generated from the RFS or 
LCFS within the Canadian CFS. 

I. 
(i) At this time, Enbridge Gas has no plans to store hydrogen within the 

Company’s gas storage facilities. 

(ii) 

(iii) 

Enbridge Gas does not foresee any impact to the security of natural gas 
supply resulting from the proposed hydrogen blending pilot.  Hydrogen will 
only make up a very small portion of the gas supply provided to customers in 
the BGA and will not reduce the upstream gas supply assets in place for 
planned peak day and seasonal gas delivery requirements. In the unlikely 
event of equipment failure causing an interruption to hydrogen supplies into 
the BGA, Enbridge Gas’ distribution system and gas supply portfolio includes 
ample flexibility to replace the small amount of lost hydrogen supply with 
traditional natural gas. 
Enbridge Gas expects no impact to natural gas commodity or transportation 
pricing as a result of the proposed LCEP pilot.  As discussed in Exhibit B, 
Tab 1, Schedule 1, page 17, “Enbridge Gas has arranged to procure 
hydrogen from 2562961 Ontario Ltd. in a manner that keeps ratepayers cost-
neutral.” 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

H2GO Canada (H2GO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, paras 7, 16 
Exhibit F, Tab 1, Schedule 1, Attachment 5, p. 2 

Preamble: 

EGI estimates that, for the blended gas area (BGA) of the LCEP, GHG emissions 
reductions can range from approximately 97 tons carbon dioxide equivalent (tCO2e) to 
120 tCO2e per year (para 7). 

EGI states that hydrogen has a positive effect on GHG emissions when blended into the 
natural gas distribution system by serving to reduce the overall carbon content of 
natural gas. The result is a reduction in GHG emissions associated with the combustion 
of natural gas (para 16). 

In a response to a question asked by Mississaugas of the Credit First Nation, EGI 
stated that, for blend of 2% by volume hydrogen, 0.663% of emissions due to natural 
gas are reduced. EGI further indicated that it anticipates approximately 625 tCO2e 
could be offset annually (based on 2018 natural gas volumes used in the area), equal to 
the amount of GHG emissions of approximately 139 homes in a year (based on average 
yearly gas usage). 

Question: 

a) Please provide a detailed explanation of the formula EGI used to 
calculate the estimate of emissions reductions of 97 to 120 tCO2e per 
year for the BGA. 

b) Please explain what factors are likely to contribute to variability within 
the range of estimated GHG emissions reductions in the BGA. 

c) Please file copies of any reports, working papers, presentations, 
datasets, or other materials related to EGI’s determination that blending 
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2% hydrogen by volume results in a 0.663% reduction of emissions due 
to natural gas. 

d) Has EGI performed any analysis of how the LCEP — and hydrogen 
blending generally — will affect the imposition of federal carbon charges 
on customers in the BGA. If so, please provide the analysis. If not, 
please explain why no such analysis has been performed. 

e) Please confirm that the estimate of emissions reductions of 97 to 120 
tCO2e per year for the BGA is specific to Phase 1 of the LCEP.  Please 
provide details of EGI’s forecast, if any, of the GHG emissions 
reductions in Phase 2 of the LCEP. 

Response: 

a) and b) Please refer to Exhibit I.STAFF.1. 

c) Please refer to the table provided in Exhibit I.STAFF.1. The percent reduction can be 
calculated as the emission reductions from blended gas usage (column (h)) divided 
by emissions from unblended gas usage (column (f)), which results in a value of 
0.668%.1 

d) Enbridge Gas has reviewed the Greenhouse Gas Pollution Pricing Act and has 
spoken with the federal government on the imposition of the Federal Carbon Charge 
on the hydrogen portion of blended gas.  Currently, the Company is unaware of any 
mechanism for hydrogen blended into the natural gas distribution system to be 
exempted from the Federal Carbon Charge. Enbridge Gas has continued to pursue 
conversations with the federal government on a mechanism to exempt hydrogen 
blended into natural gas.  The Company is hopeful this exemption can be put in 
place, given that hydrogen injection into the natural gas distribution system is 
accepted as a GHG reduction in the federal Clean Fuel Standard (“CFS”), which is 
currently under development. 

e) Confirmed.  An updated forecast for Phase 2 has not been completed. 

1 Calculation based on values shown Exhibit I.STAFF.1 is 0.03 tCO2e ÷ 4.50 tCO2e x 100% = 0.668%. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

H2GO Canada (H2GO) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, paras 14-15 

Preamble: 

EGI states that a Power to Gas (PtG) plant owned by an affiliate will provide electricity 
regulation service under contract with the Independent Electricity System Operator 
(IESO). 

EGI further states that, in the future, blending of hydrogen into the natural gas stream 
will provide a solution to the challenge of storing the province’s surplus electrical 
energy. In doing so, hydrogen blending can establish an intertie between the electrical 
grid and the natural gas distribution system, and improve energy utilization, by using 
existing pipeline infrastructure to effectively store electrical energy. 

Enbridge also states that, in addition to storing electrical energy as hydrogen, the PtG 
process provides a valuable dispatchable ancillary service to the province’s IESO, 
delivering benefits not only to natural gas rate payers, but also to the province’s 
electrical ratepayers. The ability to more effectively balance the electricity system is 
important in order to balance the electricity production of the province’s renewable 
generation fleet. It will become more important if the renewable generation fleet in the 
province expands. 

Question: 

Please complete the following chart: 
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PtG Plant Electricity PtG Plant Hydrogen Quantity of 
Consumption (annual Production (annual Hydrogen Blended 
average) (kWh) average) (m3) into BGA (m3) 

Does EGI expect that 100% of the hydrogen produced by the PtG plant will 
be used for hydrogen blending in the BGA? If so, please explain how EGI 
will ensure that hydrogen is not over-produced. If not, please explain what 
other applications EGI anticipates for the hydrogen produced by the PtG 
plant. 

Please explain how EGI proposes to store hydrogen produced by the PtG 
plant. Please further explain whether EGI anticipates using its existing 
pipeline infrastructure to store hydrogen and provide details. 

Response: 

Please refer to the table below. 

PtG Plant Electricity PtG Plant Hydrogen Quantity of 
Consumption (annual Production (annual Hydrogen Blended 
average) (kWh) average) (m3) into BGA (m3) 

See Exhibit I.ED.3 for See Exhibit I.FRPO.4. ~200,000 m3/y 
an estimate of the 
electricity required to 
produce hydrogen on a 
per m³ basis. 

Enbridge Gas does not expect all the hydrogen produced at the PtG plant to be used for 
hydrogen blending in the BGA. The owner of the facility (2562961 Ontario Ltd.) will 
determine appropriate options for “surplus” hydrogen produced. 

Please see Exhibit I.FRPO.4. Some of the hydrogen (approximately 2,000m3 [~170kg]) 
produced by the Power to Gas facility is stored on site in compressed tanks.  Enbridge 
Gas does not own the hydrogen storage tanks.  These are part of the Power to Gas 
facility, which is owned by 2562961 Ontario Ltd. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Question: 

Please confirm that the evidence Enbridge filed March 31, 2020 entitled “ 
EGI_APPL_REDACTED_v2_LTC_Markham_LCE_20200331” replaces the evidence 
filed December 20, 2019 entitled “ EGI_APPL_REDACTED_LTC_Markham_Low 
Carbon Energy_20191220”. 

Response: 

Confirmed. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Reference: 

[Ex .A, T2, S1] 

Question: 

Please explain why Enbridge selected the proposed boundaries for the blended gas 
area (BGA) and how they relate to the other potential “loops”. 

Response: 

Alternative Response: Exhibit B, Tab 1, Schedule 1, Attachment 1, pages 10 to 13 
describes the methodology and criteria used by Enbridge Gas to determine the 
boundaries of the closed loop system to be provided with blended natural gas. The 
entire closed loop system was then divided in to loops S1 (i.e. the BGA), S1a and S1b 
based on based on the number of modifications to the existing networks that would 
needed in order to isolate these loops. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Reference: 

[Ex. A, T2, S1] 

Question: 

a) Please provide an explanation of the (chemical) combustion process that results in 
hydrogen enriched natural gas having a low heating value. 

b) Please explain why a slight volumetric increase is required for customers in the BGA 
and the incremental volume calculation assuming a 2% hydrogen level. 

Response: 

a) and b) Please see Exhibit B, Tab 1, Schedule 1, page 17 under the heading 
“Consumption Impact” for an explanation of the reasons for why blended natural gas 
has a lower energy content than traditional natural gas. The referenced Exhibit also 
explains the implications of this as it relates to the Project. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Reference: 

[Ex. B, T1, S1] 

Question: 

a) Please provide and explain the maximum percent of hydrogen that could be safely 
added to the natural gas distribution system (e.g. BGA). 

b) Please provide the calculation showing that GHG emission reductions can range 
from approximately 97 tons carbon dioxide equivalent (tCO2e) to 120 tCO2e per 
year due to this project. 

c) Please confirm that any additional grants or incentives (incremental to the potential 
SDTC grant) would go toward reducing the net capital cost of the project. 

Response: 

a) Please see Exhibit I.STAFF.8 (a), Exhibit I.STAFF.8 (b) and Exhibit I.ED.7 (a). 

b) Please see Exhibit I.STAFF.1. 

c) Please see Exhibit I.SEC.4. In the event that any additional grants or incentives are 
made available for the Project such funds will be applied to the Project’s cost in 
compliance with the terms and conditions of such funding. 
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Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Reference: 

[Ex. B, T1, S1] 

Question: 

a) Please confirm that this project is contributing to the most cost-effective path for the 
City of Markham (and consumers) to meet the municipal energy plan net zero by 
2050 targets. 

b) Do the facilities proposed in this project provide any additional capacity, operational 
flexibility or other benefits? 

Response: 

a) The Company is unable to confirm that this project will contribute the most cost-
effective means by which the City of Markham might meet its municipal energy plan 
targets. However, the Company can confirm that the City of Markham supports the 
Project (see Exhibit B, Tab 1, Schedule 1, Attachment 2). 

b) The LCEP facilities will provide an additional feed into the distribution network 
located in Markham. 
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EB-2019-0294 
Exhibit I.PP.6 

Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Reference: 

[Ex. C, T1, S1, Attachment 1] 

Question: 

The link provided does not appear to work. Please file a copy of the Environmental 
Report for this project. 

Response: 

The ER is too large to send via email. 

The link provided in Exhibit C, Tab 1, Schedule 1, Attachment 1 does work 
(https://www.enbridgegas.com/About-
Us?utm_source=donriver30&utm_medium=redirect&utm_campaign=FriendlyURLs#Proj 
ects). The link is to the Enbridge Gas Projects page. On that page, please scroll down 
to the Low Carbon Energy Project, and expand the menu to access the Environmental 
Report (ER). 

https://www.enbridgegas.com/About-Us?utm_source=donriver30&utm_medium=redirect&utm_campaign=FriendlyURLs#Projects
https://www.enbridgegas.com/About-Us?utm_source=donriver30&utm_medium=redirect&utm_campaign=FriendlyURLs#Projects
https://www.enbridgegas.com/About-Us?utm_source=donriver30&utm_medium=redirect&utm_campaign=FriendlyURLs#Projects
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Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Reference: 

[Ex. D, T1, S1] 

Question: 

a) Table 8 indicates Indirect Overheads related to this project of $1,260,395 and it is 
Pollution Probe’s understanding that Capital Overheads are capped for the current 
IR period. Is Enbridge planning to exceed it capital overheads in the current IR 
period by $1,260,395 due to this project or manage within its allowed capital 
envelop? 

b) Please provide any updates to the project schedule in Table 7 due to COVID-19 or 
any other factors. 

Response: 

a) No. Enbridge Gas is not planning to exceed its expected capital overhead provision 
in the current IR period due to this Project.  The capital spend for this project, both 
direct and overheads, will be managed within the ICM Threshold. 

b) Please see Exhibit I.CCC.4. At this point in time the Project schedule is not 
expected to be impacted by COVID-19 or any other factors. 
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Exhibit I.PP.8 

Page 1 of 2 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Pollution Probe (PP) 

INTERROGATORY 

Reference: 

[Ex. D, T1, S1] 

Question: 

Reference: 25% contingency applied to all direct capital costs except for the station 
material costs which have a 40% contingency. 

a) Please provide a table of contingency percentages (OEB approved and actuals) 
related to direct capital cost for the past 5 competed projects where Leave to 
Construct was granted by the OEB. 

b) Please provide a table of forecasted and actual contingency percentages related to 
station material costs for the past 5 competed projects of a similar nature. 

c) Please confirm that the total project costs of $5,232,265 are the maximum capital 
costs and that Enbridge will only seek to recover actual costs. 

Response: 

a) The table below sets out contingency percentages for 5 completed projects for which 
leave to construct was granted by the OEB. The actual project costs for these 
projects are not available and will be filed with the Board according to the conditions 
of approval for each of the projects. 
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Exhibit I.PP.8 

Page 2 of 2 

Docket 
Number Project name Status 

% 
Contingency

applied 

EB-2018-0306 
Stratford 
Reinforcement 
Project 

Project in-service as of September 
14, 2019; completed as of September 
27, 2019 

15%* 

EB-2018-0226 Georgian Sands 
Project 

Construction was to commence 
October 7, 2019; project intended to 
be in-service by May 30, 2020 

20% 

EB-2018-0097 
Bathurst 
Reinforcement 
Project 

Project in-service as of December 11, 
2019 30% 

EB-2018-0096 Liberty Village 
project 

Project in-service as of March 28, 
2019 25% 

EB-2018-0108 

Don River 
Valley 30inch 
Replacement 
Project 

Project in-service as of April 21, 2020 30% 

*This project is a Legacy Union project and was filed with the OEB prior to the 
amalgamation of the two legacy companies. The cost estimate for this project was 
developed using Legacy Union cost estimating standards which is a different approach 
than the one used in this application. 

b) Contingency percentages for station materials are typically included as part of the 
overall project contingency. See the response to (a) above for past contingency 
percentages used. Please refer to Exhibit I.CCC.17(a) regarding the decision to use 
40% contingency for station material cost in this project. 

c) Not confirmed. The total project cost of $5,232,265 is what Enbridge Gas expects 
based on the filed estimate. The actual project cost can be over or under the 
estimate provided. Enbridge Gas will seek to recover actual costs for the Project at 
the next rebasing application for 2024. 
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Exhibit I.SEC.1 
Page 1 of 1 

Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

General 

Question: 

Please provide all presentations, memoranda, and similar materials provided to the 
Board or Directors or the Executive Management of the Applicant dealing in whole or in 
part with this Application, the Low Carbon Energy Project, or 2562961 Ontario Ltd. 

Response: 

Attached to this response are presentations made to Enbridge Gas executive 
management related to the hydrogen blending proposal made in this application (the 
LCEP).  Portions of the presentations related to the Power to Gas plant have not been 
produced, as they are not relevant to the application. There were no presentations to 
the Enbridge Gas Board of Directors. 
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HYDROGEN BLENDING PRESENTATIONS 



 

 

HYDROGEN BLENDING 
and 

POWER-to-GAS (PtG) 

January 13, 2017 



 

AGENDA 

• Business Objective 

• Problem Statement 

• Scope of Required Work 

• Progress to Date 

• Recommendation on Next Steps 

• Discussion 

2 



  

  
 

    
  

BUSINESS OBJECTIVE 

• Blend 4% of hydrogen by volume within the natural gas 
distribution system 

• Provide energy storage for excess electricity within the 
natural gas network across the province 

• Green the natural gas as a source of energy through 
addition of hydrogen resulting in lower GHG emissions 

3 



 

Problem Statement 

Impact to operating risk resulting from the 
introduction of hydrogen through blending of up to 
4% by volume into the natural gas distribution 
system is unknown. 
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 ENGINEERING WORK REQUIRED 

Assess the effects of hydrogen on the integrity of: 
- Transmission steel pipeline 
- Distribution steel and plastic pipeline 
- Pressure regulating equipment including rubber 

goods 
- Measurement equipment 
- End-use equipment downstream of the meter – 

industrial, commercial, residential 
- NGV systems and vehicles 
Quantify the effect on Operational Risk. 
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FINDINGS TO DATE 

• GTI study – non-metallic materials 
• Laboratory tests performed on Aldyl-A and Styrene Butadiene 

Rubber 
• Hydrogen introduction of 5% by volume may reduce the life 

expectancy of Aldyl-A 
• No significant increase in leakage rate observed 

• GTI study – metallic materials 
• Literature search performed 
• Hydrogen has negative effects on mechanical properties at 

various pressures(RA @ 1,000 psig, fracture toughness @ 290 
psig, crack propagation resistance@ 950-1,000 psig, fatigue 
crack growth rates @ 2.9 psig) 

• Recommendation to perform lab testing specific to material 
grades and operating pressures 

6 



  

  

 

 

 FINDINGS TO DATE 

• Uniper Energy Storage – Germany 

– Two injection sites in operation 

– DVWG allows up to 10% H2 injection 

– Sites operate at 2% H2 – limited by CNG/NGV 

– Carbon steel pipe at the injection site running 100% 
H2 at 800 psig – no pressure fluctuation is the key 

– Research into using existing natural gas storage 
assets for storage of H2 ongoing 
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 FINDINGS TO DATE 

• DNV GL – Netherlands 

– Working on hydrogen blending since 2004 

– Project NATURALHY – 2004-2009 

– Experiments on: burning velocity, vented explosions, vapour 
cloud explosions and resulting overpressures 

– Conclusion – addition of up to 30% hydrogen possible without 
significantly increasing risk to general public 

– Next project – HYREADY – 2017-2019 

– Scope – Guidelines on hydrogen blending encompassing 
hydrogen injection, transmission and distribution networks, and 
end use 
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 FINDINGS TO DATE 

• Hydrogen blending attracts a lot of attention across 
North America 

• North American Power to Gas Working Group formed 

• Mandate – Under the AGA’s Operations Section 
Managing Committee & the CGA’s Standing Committee 
on Operations, represent the best interests of the 
American & Canadian natural gas delivery industry & its 
customers related to the introduction of H2 into natural 
gas delivery systems. 

• Participants – CGA, AGA, GTI, NGTC, 8 NG utilities 
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 Options to Proceed 

Option Pros Cons 
Join Industry 
Efforts 

Covers most risk Longer timelines 

Team up with 
SoCal 

Faster to the 
finish line 

More costly, less 
risk covered 

Proceed on our 
own 

Full control over 
project scope, 
specific to EGD 

Most costly, 
foregoing input 
from the industry, 
least risk covered 

10 



   Recommendations & Next Steps 

• Join industry efforts 

• Influence to leverage efforts between North 
America and Europe 

• Chair North American P2G Group – Dana Stojic 

• Continue defining EGD requirements. 

11 



      

 

 
   

Power to Gas – Project Execution 

Sponsor Update January 19, 2017 

Engineering – Boris Visnjevac, Dana Stojic 
Business Development – David Teichroeb, Tim Short, Parag Datta 



 

 
  

 

 

   

  
 

  

New BD & Engineering Developments 

• Establishing a work plan for 2017: 
a) Material integrity due-diligence for hydrogen 
b) Establishing gas quality standards for allowable 

hydrogen concentrations 
c) Initial hydrogen pipeline estimates and design 

for TOC to Vic Square 
• In final stages of negotiating funding for

above work via SDTC Natural Gas Fund 
• Seeking “Sponsor” approval to join European 

HYReady project for $40k Euro 
– Initial funding via BD O&M with plan to capitalize 

Power to Gas 17 



  

 

 
   

Power to Gas – Project Execution 

Sponsor Update    February 16, 2017 

Engineering – Michael Wagle, Dana Stojic 
Business Development – David Teichroeb, Tim Short, Parag Datta 



  

   
              

    

 
          

           
  

 

HYREADY Kickoff Meeting Update 

– Project Background: 
• PtG  - chemical energy at demand and at low cost. 
• Multiple projects that study impact of the hydrogen addition on elements of gas distribution and 

transmission system 
• Convert the knowledge gained into concrete engineering guidelines. 

– Project Objective: 
• To prepare clear engineering guidelines for TSOs and DSOs to support them with the preparation of 

their existing natural gas transmission & distribution networks and operations for H2/natural gas 
mixtures with acceptable consequences. 

– Project Timeline: 16 months 

Power to Gas 16 



   

      

    
   

  

      
   

 
           

HYREADY Kickoff Meeting Update Cont. 

– Project Methodology: 
• Consequence of 2, 5, 10, 20 and 30 % H2 and feasible countermeasures to be considered at three 

levels: 
• System (grid capacity, safety issues, odorization, measurement, detection), 
• Component (leakage, permeation, integrity, accuracy, lifetime) and 
• Location level (installation requirements, safety zoning). 

– Project Scope: 
• Transmission (16-100 bar) and distribution (<16 bar) - including pipeline, stations, measurement and 

regulations components, valves, pig traps, odorization equipment, seals, filters, actuators, etc. 

– HYREADY Next Steps: 
• EGD to provide overview of the components, materials, MOP, standards, manufacturers to be 

considered. 

Power to Gas 17 



  

      
   

The Current HYREADY Consortium 

H2/n. 
g. 

Discussions with several additional parties about their feasible participation in HYREADY are in 
progress. Nevertheless, new partners remain very welcome!! 



 Energy Transition in Hamburg and Germany 

Power to Gas 19 



  PtG Projects in Germany 

Power to Gas 20 



  PtG in Germany - Hamburg 

Power to Gas 21 
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Power to Gas – Project Execution 

Sponsor Update    March16, 2017 

Engineering – Michael Wagle, Dana Stojic 
Business Development – David Teichroeb, Tim Short, Parag Datta 



   
   

        
     

              
   

 
  

    

     
   

       
 

      
    

         
   

Power to GasPower to Gas

New Business – Hydrogen Activities 
– Hydrogen pipeline development from TOC to Victoria Square 

• Primary purpose - Support future blending of hydrogen as EGD compliance options to meet MoECC 
requirement for renewable content under cap-and-trade and enhance power-to-gas economics 

• Secondary – short lateral could support delivery of hydrogen to Honda Canada for fuel cell vehicle 
refueling (refueling station has NRCan funding support) 

– Negotiating agreements for government funding to support pipeline and 
blending developments (Ontario Centres of Excellence and the SDTC – 
Natural Gas Fund via CGA) – April Target for agreements 

– Establishing business considerations amongst Enbridge, Hydrogenics, Honda 
and gov’t funders that will include: 
• Target for in-service on pipeline / blending supported by series of Go/NoGo milestones to be 

established 
• Blending due diligence team under Dana Stojic gap analysis to understand what engineering and 

integrity needs are by internal / external parties) 
• Pipeline development team under Sam McDermott (budget development to support gov’t funding 

agreements and initial technical design and work scope development) 

Power to Gas 101010 



     

 

 
    

Power to Gas – Project Execution 

Sponsor Update May 25, 2017 

Engineering – Michael Wagle, Dana Stojic 
Business Development – David Teichroeb, Sam McDermott 



   
 

   

       
      

  
  

    

    
 

    

New Business Priorities for PtG 
• Hydrogen (H2) Blending Stds., H2 Pipeline Construction and 

H2 Blending Station 
• Cost Estimates – Class 5 for purposes of locking down 

government funding 
– Achieves some level of blending; but system-wide capability is

expected to require additional work after pilot project is in-service 

H2
 Blending Work H2 Pipeline Scope H2 Injection Station 

Total Blending 
Costs 

$ 1,320,000 $ 1,867,000 $ 883,500 Subtotals 4,070,500 

• Gov’t Funds cover 50% of project costs 
– $2 million for blending project developments 
– $1.5 million for future expansion of PtG to 5 MW 

Power to Gas 16 


SDTC

		Final -  May 23, 2017										SDTC/OCE P2G Renewable Integration and Decarbonization of Natural Gas and Liquid Fuels

																								2,208,760				1,413,719		795,041		2,208,760																		H2
 Blending Work 		H2 Pipeline Scope 		H2 Injection Station  				Total Blending Costs

																												Total Project Funding						Consortium Funding Split										Start Date		End Date

		Milestone 1 - H2 Pipeline & Blending Engineering Design												Labour		Travel		Equipment		Sub-Cont		Other		Summary				SDTC		OCE		Consortium		EGD		Newco		CGA		HYG				15-Feb-17		15-Feb-18				$   1,320,154		$   1,867,010		$   883,500		Subtotals 		4,070,664



		6a		Engineering Due Diligence to Advance Initial H2 Blending in Enbridge System 										180,000

Rob Harvey: Rob Harvey:
Add $180K (50%)						295,000				475,000										100%										15-Feb-17		15-Dec-17				475,000

		7a		Canadian Gas Association (Project mgmt.) H2 Interoperability Standard Recommendation																56,577				56,577										100%										15-Feb-17		15-Feb-18				56,577

		9		Pipeline Network Specific Technical Evaluation and Mat'l Testing										46,000		8,500				77,500				132,000										100%										15-May-17		15-Feb-18				132,000

		11a		Procurement of Peer Review Work -  Blending Studies (North America and Europe)										15,000

Rob Harvey: Rob Harvey:
Add $180K
						100,000				115,000										100%										15-May-17		15-Feb-17				115,000

		12		Complete Material Testing Analyze Result																				0										100%

		13		Complete Blending Standards 																				0										100%

		15		TSSA Consultation and Other Bodies Having Jurisdiction Conducted																				0										100%

		16		Develop Engineering Design Spec for H2 Pipeline including Topo, Geotech and drafting										75,000

Rob Harvey: Rob Harvey:
Build in additional EGD labour cost 						75,600				150,600										100%										15-May-17		15-Dec-18						150,600

		17		Construction Specification Complete																				0										100%

		18		Hazop Review and Secure Permits																				0										100%

		20		Pipeline Design, Topo, Geotechnical & Drafting																				0										100%

		26		Blending Station Process Due Diligence & Initial Design										50,000						63,500				113,500										100%										15-Jun-17		15-Feb-18								113,500

		43		A - Track Hydrogen Production Profile										60,000		5,760								65,760												100%								1-Jul-17		15-Feb-18

														426,000		14,260				668,177				1,108,437				354,728		199,490		554,219		427,271		26,947		100,000		0		  		 				 

																												32%		18%		50%		38.5%		2.4%		9.0%		0.0%

																																		 

		Milestone 2 - Construction & Commissioning of H2 Pipeline & Blending												Labour		Travel		Equipment/Mattel		Sub-Cont		Other		Summary				SDTC		OCE		Consortium		EGD		Newco		CGA		HYG				15-Feb-18		15-Jan-19



		6b		Ongoing Engineering Due-diligence (supports Pre-Start Safety Review -  Gas Interchangeability Guidelines)										250,000

Rob Harvey: Rob Harvey:
Add $420K						170,000				420,000										100%										1-Mar-18		15-Sep-18				420,000

		7b		Canadian Gas Association (2nd Phase, Project mgt) H2 Interoperability Standard Recommendation																56,577				56,577										100%										1-Mar-18		15-Sep-18				56,577

		11b		Procurement of Peer Review Work -  Blending Studies (North America and Europe)										15,000

Rob Harvey: Rob Harvey:
Add $180K
						50,000				65,000										100%										15-Feb-18		15-Jan-19				65,000

		21		Pipeline Procurement and Permitting										67,540		0		0		50,128		57,770		175,438										100%										1-Mar-18		30-Jun-18						175,438

		22		Pipeline Construction, ROW Purchases & Commissioning										57,806				435,706		493,830		111,630		1,098,972										100%										1-Jul-18		15-Nov-18						1,098,972

		22b		Flow-Control H2 Blending Station (Build and Install)										180,000				125,000		195,000				500,000										100%										1-Jul-18		15-Nov-18								500,000

		23		Install two down stream hydrogen monitoring points										60,000				60,000						120,000										100%										15-Sep-18		15-Nov-18								120,000

		24		Pipeline Complete																				0										100%

		27		Level 2 Permitting, Tendering, Easement, Procurement & Construction (Need will be assessed after Milestone 21)												 		266,000		118,500		 		384,500										100%										1-Jul-18		15-Nov-18						384,500

		28		Tie-in to Vic Sq and Testing and Commissioning Completed										 		5,000		10,500		42,000		 		57,500										100%										15-Sep-18		15-Nov-18						57,500

		29		TSSA Inspection and Approval, HazOp Studies, etc. 										50,000						100,000				150,000										100%										15-May-18		15-Sep-18								150,000

		31		Inject First Hydrogen into Natural Gas Grid																				0										100%

		33		Engineering for 2.5MW Expansion										137,455		 		 		 		 		137,455												100%								3-Jul-18		15-Nov-18

		34		Order Long Lead Time Parts for 2.5MW Expansion										 		 		15,000		 		 		15,000						 						100%								3-Jul-18		31-Aug-18

		35		Permitting for 2.5MW Expansion										 		 		 		 		45,000		45,000												100%								3-Jul-18		15-Nov-18

		44		B - Monitor Operations Performance + A										75,000		8,640								83,640												100%								1-Mar-18		15-Nov-18

														892,801		13,640		912,206		1,276,035		214,400		3,309,082				1,058,991		595,550		1,654,541		1,422,488		132,053		100,000		0		  		 						H2
 Blending Work 		H2 Pipeline Scope 		H2 Injection Station  				Total Blending Costs

																												32%		18%		50%		43.0%		4.0%		3.0%		0.0%		 

																																																		$   1,320,000		$   1,867,000		$   883,500		Subtotals 		4,070,500

		Milestone 3 - Commission 2.5MW Power-to-Gas Expansion												Labour		Travel		Equipment		Sub-Cont		Other		Summary				SDTC		OCE		Consortium		EGD		Newco		CGA		HYG				2-Jan-19		30-Sep-19



		36		Electrolyser Stack Skid Build										33,703		0		1,296,000

Rob Harvey: Rob Harvey:
Build now moved to 2019--reduce costs by another 5%
		

Rob Harvey: Rob Harvey:
Add $180K (50%)		

Rob Harvey: Rob Harvey:
Add $420K		

Rob Harvey: Rob Harvey:
Add $180K
		

Rob Harvey: Rob Harvey:
Add $180K
						0		99,858		1,429,561												89%				11%				18-Mar-19		12-Apr-19

		37		Balance of Plant Skid Build										190,985				1,234,800				95,142		1,520,927												89%				11%				2-Jan-19		24-May-19

		38		Equipment Delivery and Installation										32,000						160,000				192,000												100%								27-May-19		19-Jul-19

		39		TSSA Inspection and Approval										20,000										20,000												100%								22-Jul-19		9-Aug-19

		40		Pre-Start Safety Review and Commissioning										57,600		7,000		 		 		 		64,600												100%								12-Aug-19		6-Sep-19

		41		Start Operation																				0												100%								30-Sep-19		30-Sep-19

		45		C - Measure Gas Blending and Natural Gas Injection 										75,000		8,640								83,640										100%		0%								2-Jan-19		30-Sep-19

														409,288		15,640		2,530,800		160,000		195,000		3,310,728				1,059,517		204,959		2,046,251		51,695		1,799,522		0		195,034		  		 

																												32%		6%		62%		1.6%		54.4%		0.0%		5.9%



		Milestone 4 - Power-to-Gas Plant Demonstration												Labour		Travel		Equipment		Sub-Cont		Other		Summary				SDTC		OCE		Consortium		EGD		Newco		CGA		HYG				1-Nov-19		30-Sep-20



		46		D - Measure Stack Degradation and Plant Reliability										75,000		8,640		0		0		0		83,640										0%		100%								1-Nov-19		30-Sep-20

																								83,640				26,764		0		56,876		0		56,876		0		0		  

																								 				32%		0%		68%		0.0%		68.0%		0.0%		0.0%



		Total Project 												Labour		Travel		Equipment		Sub-Cont		Other		Summary				SDTC		OCE		Consortium		EGD		Newco		CGA		HYG

																								7,811,887				2,500,000		1,000,000		4,311,887		1,901,454		2,015,399		200,000		195,034				 

																								 				32%		13%		55%		24%		26%		3%		2%

				Major Project Deliverables

																								 				 

		  Managed By		EGD		Establish Canadian H2-Natural Gas Interchangeability Standard

				EGD		Design and Build Hydrogen Pipeline

				EGD		Hydrogen Blending and Natural Gas Injection

				HYG		Design, Build and Commission 2.5MW Expansion

				Newco/EGD		Power-to-Gas Plant Performance







     

  
     

  
  

 

   

 
    

      
        

  
  

     
   

 
     

     

   

Next Steps for Government Funding Support 

• Business case to document purpose, need and timing for: 
– H2 pipeline and blending capability to support TOC project contributions to renewable content 
– $ 2 million investment by Industry 
– Matched by $2 million investment by SDTC/OCE 

• Hydrogenics – Enbridge to complete consortium agreement early June 

• Balance of SDTC/OCE funding supports the expanding TOC plant to 5 MW 

• Enbridge BD and Engineering working on Blending Milestone Dates *: 
– Define criteria for optimal blending location – targeted completion Q3 2017 
– Define blending area – primary areas considered: Victoria Square city gate station a) north, or b) segment 

of North – secondary areas considered – c) closed area away from Vic Square, tertiary areas considered -
Victoria Square city gate station d) south – targeted completion Q3 2017 

– Define optimal H2 percentage for chosen area – targeted completion Q1 2018 
– Gap analysis for the defined close loop blending area (primary or secondary) – targeted completion Q1 2018 
– Gap analysis for tertiary area – targeted completion Q4 2018 
– Standards/regulatory requirements for closed loop system – targeted completion Q2 2018 
– the targeted pipeline/station design and construction commencement will be established after blending area 

is confirmed and initial gap analysis indicate no major road blocks 

* the projected completion targets estimated based on project commencement in Q2 2017 

Power to Gas 17 



  

  

 
    

  
   

 

   

Engineering Assessment Project Brief 

• Draft Project Brief already issued for
stakeholder comments; 

• Draft is considering the following subtasks: 
– Participation in HYREADY literature study 
– Participation in CGA/AGA literature study 
– Engineering Assessment that shall include 

• Gap Analysis 
• Optimal blending percentage 
• Issues list with specific blending area/locations 
• Decision tree definition, etc. 

• Expected to be finalized first half of June. 
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Power to Gas – 
Project Execution 
Sponsor Update August 23, 2017 
Engineering – Michael Wagle / Mohamed Chebaro / Dana Stojic 
Business Development – Scott Dodd / David Teichroeb 



PtG 
Hydrogen Blending 



 

 

  

  
 

    

   
   

     
    

    

PtG Hydrogen Blending
Recap of Engineering Project Scope 

• June 14th, Engineering approval of the technical work scope and timelines 
• “Hydrogen Blending Engineering Assessment” (H2 Assessment) 
• Engineering Class 5 Estimate is approximately $2 million 

• Business Development & Hydrogenics working to secure government funding 
• 50% of costs share for H2 Assessment and H2 pipeline and blending system 
• Funding via Sustainable Development Technology Canada (SDTC) in final contracting 

negotiations with Hydrogenics – end of August 2017 
• Ontario Centre of Excellence (OCE) agreements also targeting August 2017 

SLIDE 13 



 

 

 

 
   

  

  
  

  
       

 

  

 

PtG Hydrogen Blending
Engineering Project Scope 

Timelines for Engineering Assessment Project Scope as signed: 
1 HYReady Literature study Q1 2017 Q2 2018 

• The progress update issued by DNV GL 

2 NA Task Force Literature study Q2 2017 Q4 2017 
• The draft issued for comments 

3 Pilot Project - Closed Loop Design Q2 2017 Q3 2018 
• DBI-GUT proposal reviewed by engineering, request for additional information issued 

4 100% Hydrogen Pipeline Design Q3 2017 Q1 2019 
• Not started yet 

5 Hydrogen Blending Station Design Q3 2017 Q1 2019 
• Not started yet 

Overall Engineering Support Q2 2017 Q1 2019 
SLIDE 14 



 

 

 
PtG Hydrogen Blending
Engineering Project Scope 
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PtG Hydrogen Blending
Business Case 

• Business development approved business case for Milestone 1 of the H2 
Assessment work scope: 

• Finance is making final determination on the source of funds which could be from the 
Carbon Compliance Plan or from core capital 

• Final decision from Finance expected prior to end of August. 

• Work scope segmented into Milestones supported by “Go / No-Go” decision 
tree, and aligned with funding. 

• Milestone 1 by May 2018 - first segment of H2 Assessment work ($625k after funding) 
• Milestone 2 by Feb 2019 – completion of H2 Assessment (additional $425k after funding) 
• In May 2018, separate business cases will be prepared for the construction of a hydrogen 

pipeline and blending station (Milestone 1 improves accuracy of work scope and budget) 
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PtG Hydrogen Blending
Recap Business Drivers and Timeline Risks for Hydrogen Blending 

• Objective of H2 Assessment is to achieve a staged progression of EGD’s ability to accommodate 
system-wide hydrogen (H2) blending 

• Ability to accept hydrogen in distribution network supports the growth of renewable content via 
power to gas and next-generation RNG supplies like biomass gasification 

• In addition to the TOC power to gas plant, the market is signaling an interest / need for hydrogen 
injections (early inquiries are being received from stakeholders like Emerald Energy and 
Canadian Tire in Peel/Brampton) 

• EGD’s long-range investment plan is forecasting growth in power to gas, but until we 
demonstrate viable hydrogen blending pathways the investment opportunities are limited 

• The H2 Assessment work scope by Engineering (Milestone 1 & 2) is scheduled for completion 
by Q1 2019 – Questions for consideration include: 

1. Can pipeline and blending station engineering and construction take place on a concurrent timeline (e.g. during 
Milestone 2) so as to implement hydrogen blending by Q2 2019? 

2. What additional resources could help expedite hydrogen blending capabilities? 
3. Other activities that support engineering, integrity and business growth objectives? 

SLIDE 17 



   

  

 

 

  

 

Power-to-Gas Phase 2: 

Hydrogen Blending 

May 2018 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 

Engineering 



Power-to-Gas Phase 2 
Road Map 

  
 

    

 
 

A B C D 

E
F 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

  
 

 

  

  

   

  

  

   

 

   

  

 

 

   

  

A. Research and Development: 

CGA/AGA Task Force Information Letter 

HYREADY Engineering Guideline Report 

B. Integrity, Engineering and Capacity Assessment 

Closed Loop(s) Identification and Prioritization 

Network Capacity Analysis for Closed Loop Candidates 

Material and Component Data Gathering Analysis 

Integrity Assessments for Closed Loop Candidates 

H2 Consumption Assessment 

Closed Loops Refinement and Design 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

  
 

 

    

 

  

   

  

  

 

  

  

 

   

  

C. End User Equipment Engineering and Integrity System 

Data collection and analysis for identified closed loops 

System-wide assessment for end-user equipment 

D. Engineering Design and Review 

Pipeline Design (hydrogen pipeline) 

Pipeline Design (blended pipeline) 

Blending Stations Design (injection station) 

E. Risk Assessment 

F. Engineering Assessment 



Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

  
 

 

  

     

  

   

  

    

  

  

  
   

 

   

  

A. Research and Development: 

HYREADY Engineering Guideline Final Report 

B. Integrity, Engineering and Capacity Assessment 

Data gathering to continue for Loops S1A and S1B 

Preliminary system design for Closed Loop S1 

C. End User Equipment Engineering and Integrity System 

Contract execution and commencement of work by DNV-GL 

Finalize end-user equipment field survey for Closed Loop S1 

Continue designing the end-user equipment e-survey for Closed Loops 
S1A and S1B 



  
 

 
    
   

 
   

     
   

 
     

     
 

   
     
      

    
 

   
     

 
 
 
 

Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development: 
 CGA/AGA Task Force Information Letter final version received by EGD 
 HYREADY Draft Report Reviewed by Engineering 

B. Integrity, Engineering and Capacity Assessment 
 Draft Report issued by DBI-GUT for Work Package 1, which assesses the H2 capacity of the gas grid for three high 

likelihood closed loop systems. The report has been reviewed and validated by EGD’s Growth and Network Analysis 
teams 

 Bill of Materials for one Closed Loop system (S1) has been finalized 
 Work on the bill of materials for two additional Closed Loops (S1A and S1B) has been initiated 

C. End User Equipment Engineering and Integrity System 
 Proposals from six consultants have been reviewed and ranked, DNV-GL was selected as the successful bidder 
 Contract is being executed with DNV-GL by the Law Department with support from the Growth team 
 End-user equipment survey for a closed loop was designed and awaits execution by Lakeside Gas 

D. Engineering Design and Review 
 All applicable codes, standards and regulations for H2 pipelines have been compiled and summarized 



  
  

 
 

 

  

 
  

  
  

 

 
  

  
   

 
 

 
  

  
   

 

         
   

Power-to-Gas Phase 2 
Map of Likely Candidates for Closed Loop Systems 

• Phased approach to increase H2 
consumption capacity 

• Connect loops with blended 
pipelines 

• Isolate areas of concern (e.g., 
CNG stations) 

Phase 3 
• Loop S1B 

Phase 2 • ~6,000 customers 
• 20-30% of Plant 

• Loop S1A Capacity* 
Phase 1 • ~7,000 customers 

• 10-20% of Plant 
• Loop S1 Capacity* 
• ~4,000 customers 
• 0-10% Plant 

Capacity* 

*based on current plant capacity and 3,000 hours of 
operation per year 



  
 

 

 

  

  

Power-to-Gas Phase 2: 
Hydrogen Blending 
June 2018 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
Engineering 



 
 

    

 
 

Power-to-Gas Phase 2 
Road Map 

A B C D 
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Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

A. Research and Development: 
CGA/AGA Task Force Information Letter 
HYREADY Engineering Guideline Report 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis 

Integrity Assessments for Closed Loop Candidates 

H2 Consumption Assessment 

Closed Loops Refinement and Design 

 
 

 

  
  
  

   
   

     

  

   

  

 

 

   

  



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops 
Data analysis for identified closed loops 
System-wide assessment for end-user equipment 

D. Engineering Design and Review 

Pipeline Design (hydrogen pipeline) 

Pipeline Design (natural gas and blended pipelines) 

Blending Stations Design (injection station) 

E. Risk Assessment 

Risk Assessment Report 

Computational Modeling 

F. Engineering Assessment 

 
 

 

   
  

  
   

   

  

   

  

  

  

 

  

 

   

  



 
 

 

  

    

   

    

     

   

    

  

    

 

   

  

Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

A. Research and Development: 

Receive HYREADY Engineering Guideline Final Report 

B. Integrity, Engineering and Capacity Assessment 

Compile Bill of Materials for Loops S1A and S1B 

Complete 40% of H2 tolerance evaluation for the three Closed Loops 

C. End User Equipment Engineering and Integrity System 

Host technical sessions with DNV-GL regarding Gas Interchangeability 

Compile 50% of required field survey information for Loop S1 

Plan field survey evaluation for Loops S1A and S1B 



 
  

 
      

 
   

    
   

     
 

    
       

 
      

     
   

  
 

 
 
 

Power-to-Gas Phase 2 
Past Month’s Achievements 

Program Management 
 As of July 2, 2018, the Engineering Growth team will be fully resourced 

A. Research and Development 
 Received CGA/AGA Task Force Information Letter with comments from AGA 
 Designed Hydrogen Knowledge Management Database framework. The team will continue to update on a 

daily/weekly basis (e.g., industry-wide available reports, papers, standards) 

B. Integrity, Engineering and Capacity Assessment 
 Reviewed multiple iterations of the DBI report for the H2 capacity assessment of the gas grid for the three 

Closed Loops systems 
 Finalized the Bill of Materials list for the two additional Closed Loops (S1A and S1B) for Pipelines and Valves 
 Worked on the bill of materials for Closed Loops S1A and S1B for fittings and above ground assets 
 Completed 20% of the H2 tolerance evaluation for the three selected Closed Loops has been completed 
 Completed first iteration of preliminary design for Closed Loop S1 



 
  

        
  

   
 

   
    

    
 

   
    

  
   

 
  

  
    

  
 

 
 

Power-to-Gas Phase 2 
Past Month’s Achievements 

C. End User Equipment Engineering and Integrity System 
 Contract with DNV-GL has been fully executed 
 Defined Work Plan for DNV-GL, including technical exchanges on Gas Interchangeability with several involved 

stakeholders from EGD 
 Finalized planning for the end-user equipment survey for Loop S1 
 Initiated the end-user equipment survey for Loop S1 by Lakeside Gas 
 Advanced the design work on the end-user equipment survey options for Closed Loops S1A and S1B 

D. Engineering Design and Review 
 Initiated preliminary design for pipelines carrying three different products (100% H2, 100% NG and blended gas) 
 Initiated preliminary design for the station components (Pressure Regulation and H2 Injection) 
 Compiled and summarized applicable codes, standards and regulations for H2 pipelines 
 Initiated discussions with the TSSA 

E. Risk Assessment 
 Reviewed first draft of the Risk Assessment Work Plan 
 Defined and planned computational dispersion modeling work that will feed into the risk and engineering 

assessments 



 
 

 
 

 

 
 

 
 

 
 

 

 

 

   

 

  

    

Power-to-Gas Phase 2 
Map of Closed Loop Systems in Markham 

Material- Mains by Length (S1, S1A, S1B) 

Phase 1 
• Loop S1 
• ~4,000 
customers 

Phase 2 
• Loop S1A 
• ~7,000 customers 

Phase 3 
• Loop S1B 
• ~6,000 
customers 

9% 

91% 

PLASTIC 

STEEL 

Material- Services by Number (S1, S1A, S1B) 
2%4% 

94% 

PLASTIC 

STEEL 

COPPER 



 

 

  

 

 

Power-to-Gas Phase 2: 
Hydrogen Blending 
EGD/UG Joint Executive Meeting 
June 6, 2018 

Mohamed Chebaro Mike Wagle 
Manager, Engineering Customer Safety, Compliance and Growth Chief Engineer 



Business Growth Initiatives Lifecycle 

2 



Power-to-Gas Technology Overview 
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Existing Hydrogen Blending Projects
France, Germany, UK and USA 

• Dunkirk (France) – Started in 2013, 2 years preliminary study + 5 years execution/monitoring 

 NGV Bus Fueling Station, 50 buses to run with a CH4/H2 mixture, starting at 6% H2 
 New residential neighborhood of around 200 homes (pre-designed system), 6% H2 

• Mainz (Germany) – Operational since 2016 

 DVGW standards allow up to 10% H2 in natural gas networks in Germany 
 Around 2,000 customers, up to 10% H2, distribution network loop was built in the 1980s, ~1,000 

appliances were inspected/investigated beforehand, gas quality and odourization levels have 
been constantly monitored for 2.5 years 

• HyDeploy (UK) – In progress, not operational yet 

Keele University trial, up to 20% H2 injected on campus (130 customers), safety verification will 
be conducted on every appliance, pre-designed for H2 

• University of California Irvine (US) – Operational since October 2016 

 Customer piping, privately-owned, sponsored by SoCal, work started in 2014 
 Research purposes, 1.0% H2 currently, to be expanded (started at 0.25%) 

4 



Power-to-Gas Phase 2 Road Map 
A B C D 
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Program Overview
Six Work Streams 

A. Research and Development: 
• CGA/AGA Task Force Information Letter 
• HYREADY Engineering Guideline Report 

B. Integrity, Engineering and Capacity Assessment 
• Closed Loop(s) Identification and Prioritization 
• Network Capacity Analysis and Injection for Closed Loop Candidates 
• Material and Component Data Gathering Analysis 
• Integrity Assessments for Closed Loop Candidates 
• H2 Consumption Assessment 
• Closed Loops Refinement and Design 
• Safety and Operational Considerations 
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Program Overview
Six Work Streams 

C. End User Equipment Engineering and Integrity System 
• Data collection and analysis for identified closed loops 

• Field surveys (commercial/residential) 
• Potential electronic surveys 
• Potential appliance and leak testing; manufacturer qualification 
• Utilization of prior European appliance testing and research 
• Comparison of Canadian/European standards 

• System-wide assessment for end-user equipment 

D. Engineering Design and Review 
• Pipeline Design (hydrogen, blended, natural gas) 

• Discussions underway with the TSSA regarding regulatory piece of H2 blending 
• Blending Stations Design 

• Injection station 
• Safety design considerations 
• Potential odorization 
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Program Overview
Six Work Streams 

E. Risk Assessment 
• Qualitative and quantitative risk assessments for upstream and downstream components 
• Uncertainty analysis based on research, testing and consultant recommendations 

• Final Engineering recommendation and position based on all the above 
F. Engineering Assessment 

8 



    Overview of Initial Closed Loop Candidates 
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Probable Closed Loop Candidates 

Phase 2 
•Loop S1A 

Phase 1 •~7,000 customers 
•10-20% of Plant •Loop S1 Capacity* 

•~4,000 customers 
•0-10% Plant 
Capacity* 

*based on current plant capacity and 3,000 
hours of operation per year 

Phase 3 
•Loop S1B 
•~6,000 customers 
•20-30% of Plant 
Capacity* 
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 Hydrogen Utilization for Closed Loops 
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Back-up Material 



 

    
  

 

 
  

 
  

   
   

Hydrogen Extraction Technology
Three Options 

Pressure Swing 
Adsorption 

(PSA) 

Membrane 
Separation 

• Gas species separated from a mixture of gases 
under pressure according to the species’ affinity 
for an adsorbent material 

• Drives to equilibrium across permeable membrane 
and partial pressures on each side used to 
separate out the H2 molecule 

• Process gas passes across fuel stacks Electrochemical 
Hydrogen • Current applied across the stack to atomically 

Separation dissociate hydrogen from process gas and re-
(Hydrogen Pumping) associate it in hydrogen on the product side. 
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Hydrogen Utilization
Data Derivation 
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Power-to-Gas Phase 2: 
Hydrogen Blending 
July 2018 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
Engineering 
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Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

A. Research and Development: 
CGA/AGA Task Force Information Letter (in final stages) 

HYREADY Engineering Guideline Report (in final stages) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (in progress) 

H2 Consumption Assessment (second iteration in progress) 

Closed Loops Refinement and Design (second iteration in progress) 

 
 

 

  
   

  

   
   

     

   

    

  

 

 

   

  



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (surveys in progress) 

Data analysis for identified closed loops (in progress) 

System-wide assessment for end-user equipment (in progress) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Blending Stations Design- Injection station (in progress) 

E. Risk Assessment 

Risk Assessment Report (in progress) 

Computational Modeling (in progress) 

F. Engineering Assessment (initiated) 

 
 

 

   
    

   

   

   

   

     

   

  

  

 

    

 

   

  



 
 

 

  

    

   

  
   

     

   

  

   

      

 

   

  

Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

STATUS: 

A. Research and Development: 

Receive HYREADY Engineering Guideline Final Report 

B. Integrity, Engineering and Capacity Assessment 

Compile and analyze operating and integrity data for the three Closed 
Loop systems (e.g., corrosion, leaks and damages) 

Complete 50% of H2 tolerance evaluation for the three Closed Loops 

C. End User Equipment Engineering and Integrity System 

Obtain second iteration of DBI report on End-user equipment 

Compile 75% of  field survey information for Loop S1 

Compile 20% of field survey information for Loops S1A and S1B 



 
  

   
  

 
 

    
     

   
   

   
 

   
 

 
  

 
 
 
 

 

 
 

Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development 
 Reviewed and addressed comments from the AGA related to the CGA/AGA Information Letter 
 Continued working on the Hydrogen Knowledge Management Database framework  

B. Integrity, Engineering and Capacity Assessment 
 Received the final DBI report on H2 Capacity Assessment for the three Closed Loops 
 Compiled and validated list of manufacturers for distribution components identified in the three Closed Loops 
 Compiled Bill of Materials for Closed Loops S1A and S1B for fittings and above-ground assets 
 Completed 40% of the H2 tolerance evaluation for the three 

selected Closed Loops 
 Initiated second  iteration of preliminary design for 

Closed Loops S1, S1A and S1B 
 Started gathering operating data for the three 

Closed Loop systems (e.g., corrosion, leaks and damages) 

S1 

S1A 
S1B 



 
  

        
  

  
   

      
     

 
   

     
    

    
    

 
  

  
    

   
 

 

Power-to-Gas Phase 2 
Past Month’s Achievements 

C. End User Equipment Engineering and Integrity System 
 Hosted engineering exchange with DNV-GL on Gas Interchangeability with several technical stakeholders 
 Started gathering and analyzing results based on the field survey for Loop S1 
 Expanded the end-user equipment survey for Loop S1 to increase statistical sample size 
 Initiated end-user equipment survey for Closed Loops S1A and S1B for future analysis 
 Compiled end-user equipment manufacturer list based on initial survey results 

D. Engineering Design and Review 
 Initiated second iteration (design optimization) of preliminary design for pipelines carrying three different 

products (100% H2, 100% NG and Blended Gas) to reduce initial construction costs 
 Continued working on preliminary design for the station components (e.g., Pressure Regulation, H2 Injection) 
 Initiated RFP for specialized consultant to develop Engineering Guidelines for 100% H2 and blended gas 

pipelines 

E. Risk Assessment 
 Initiated computational work at DBI-GUT (Germany) and C-FER Technologies (Canada) on indoor and external 

gas dispersion modeling that will become an input to the Quantitative Risk and Engineering Assessments 



 
  

   
      
   
     

      

Power-to-Gas Phase 2 
Evolution of Preliminary Close-Loop Pipeline Design 

First Preliminary Pipeline Design Second Preliminary Pipeline Design 

• Q4 2017-Q1 2018: Examined 8 macro-loops across the GTA for blending considerations 
• Q1 2018: Selected the Markham macro-loop for further analysis, divided into three loops for phased, detailed design 
• Q2 2018: Produced first pipeline blending design iteration for Closed Loops S1, S1A and S1B 
• Q3 2018: Initiated design refinements to reduce costs, system pressure and required system modifications 



  
 

  

 

  

  

Power-to-Gas Phase 2: 
Hydrogen Blending 
August 2018 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
Engineering 
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Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 
CGA/AGA Task Force Information Letter (in final stages) 

HYREADY Engineering Guideline Report (initial scope completed) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (in progress) 

H2 Consumption Assessment (third iteration in progress) 

Closed Loops Refinement and Design (third iteration in progress) 

 
 

  
   

  

   
   

     

   

    

  

 

 

   

  

             * The funding for the Engineering Program is still in the process of being secured by EGD, as of August 10, 2018. 3 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (surveys in progress) 

Data analysis for identified closed loops (in progress) 

System-wide assessment for end-user equipment (in progress) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Blending Stations Design- Injection station (in progress) 

E. Risk Assessment 

Risk Assessment Report (in progress) 

Computational Modeling (in progress) 

F. Engineering Assessment (initiated) 

 
 

   
    

   

   

   

   

     

   

  

  

 

    

 

   

  

             * The funding for the Engineering Program is still in the process of being secured by EGD, as of August 10, 2018. 4 



Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

Continue building and optimizing the Hydrogen Blending Database 

 
 

  

   

   

  
   

     

   

  

 

   

 

   

  

 

A. Research and Development: 

B. Integrity, Engineering and Capacity Assessment 

Compile and analyze operating and integrity data for the three Closed 
Loop systems (e.g., corrosion, leaks and damages) 

Complete 60% of H2 tolerance evaluation for the three Closed Loops 

C. End User Equipment Engineering and Integrity System 

Obtain second iteration of DBI report on End-user equipment 

Analyze 90% of field survey obtainable information for Loop S1 

Compile 25% of field survey obtainable information for Loops S1A/S1B 

5 



Power-to-Gas Phase 2 
Upcoming Deliverables 

 
 

  

   

  
    

 

     

   

    

   

 

   

  

 

On track 

Lagging but not on critical path 

Lagging and on critical path 

D. Engineering Design: 

Initiate the design review for the H2 Blending Station 

Progress Consultant Selection process to develop Engineering 
Guidelines for 100% H2 and blended gas pipelines 

E. Risk Assessment 

Obtain the second iteration for indoor dispersion modeling (C-FER) 

Obtain the second iteration for outdoor dispersion modeling (DBI-GUT) 

Hold HAZID sessions with specialized stakeholders for the Risk Study 

Initiate the Qualitative Risk Analysis 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development 
 Received final version of HYREADY Guidelines (Initial Scope) 
 Continued working on the Hydrogen Knowledge Management Database framework  

B. Integrity, Engineering and Capacity Assessment 
 Started contacting manufacturers for distribution components identified in the three Closed Loops 
 Completed 50% of the H2 tolerance evaluation for the three 

selected Closed Loops 
 Initiated third  iteration of preliminary design for 

Closed Loops S1, S1A and S1B 
 Finished gathering operating data for the three 

Closed Loop systems (e.g., corrosion, leaks and damages) 
S1 

S1A 
S1B 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

C. End User Equipment Engineering and Integrity System 
 Continued analyzing results based on the field survey for Loop S1 
 Completed over 90% of the end-user equipment field survey for Loop S1 
 Continued end-user equipment survey for Closed Loops S1A and S1B for future analysis 
 Initiated end-user equipment manufacturer survey 

D. Engineering Design and Review 
 Initiated third iteration (design optimization) of preliminary design for pipelines carrying three different products 

(100% H2, 100% NG and Blended Gas) to reduce initial construction costs 
 Continued working on preliminary design for the station components (e.g., Pressure Regulation, H2 Injection) 
 Initiated RFP for specialized consultant to develop Engineering Guidelines for 100% H2 and blended pipelines 

E. Risk Assessment 
 Reviewed first iteration of computational work by DBI-GUT (Germany) and C-FER Technologies (Canada) on 

indoor and external gas dispersion modeling that will become an input to the Quantitative Risk and Engineering 
Assessments 
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Power-to-Gas Phase 2 
Evolution of Preliminary Closed Loop Pipeline Design 

First Preliminary Pipeline Design Second Preliminary Pipeline Design Third Preliminary Pipeline Design 

• Q4 2017- Q1 2018: Examined 8 macro-loops across the GTA for blending considerations 
• Q1 2018: Selected the Markham macro-loop for further analysis, divided into three loops for phased, detailed design 
• Q2 2018: Produced first pipeline blending design iteration for Closed Loops S1, S1A and S1B 
• Q3 2018: Initiated design refinements to reduce costs, system pressure and required system modifications (currently 

working on third iteration for loops S1, S1A and S1B) 

9 
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Engineering Update: 
Hydrogen Blending 

PtG Blending Phase Project Meeting (Revised Version) 
August 28, 2018 

Engineering Attendees: 
Mike Wagle, Mohamed Chebaro, Ramses Atilano 

Prepared by: Engineering Growth Team 
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XHP, HP and IP options included in the cost benefit analysis 

Options 1 & 2 

Option 3B 

Option 3A-2 

Option 3B-2 

Pilot Construction Phase – Initial Route Options 
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Pilot Construction Phase – Recommended Option: 3A 
New NPS 8 and NPS 6 PLASTIC intermediate pressure main and use existing NPS 6 and NPS 4 PE IP mains 

Loops S1 
• 4,000 customers 

Loop S1A 
• 7,000 customers 

Loop S1B 
• 6,000 customers 
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Cost-Benefit Analysis of Design Options – Class 5 Estimates 
Option 3A presents the most value based on selection criteria 

Cost Benefit - Design Options 

Pilot Stage – 
Loop S1 1 and 2 3A 3A-2 3B 3B-2 

Function of 
($ / utilization x reliability) 1.0 3.2 1.2 1.4 1.9 1.8 

0.0 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

S1 + S1A + S1B 

$3.1M 

$26M 

$9.1M 
$11.9M 

$16.4M $15.9M 

S1 

S1 

S1A 
S1B 

Recommended 
Design 

* Budgetary estimate from BD is $9-10M, including research 
5 



Justifications for Design Options 
Advantages and disadvantages of each option that were considered in the recommendation 

Design Construction & Operations Hydrogen Utilization and System Reliability 
Iteration 
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Pilot Stage 
(S1) 

1 and 2 

3A 

3A-2 

3B 

3B-2 

XHP is not preferred for blended gas at this point. 
The construction estimate for the HP main is not 
feasible. 

NPS 6 and 8 PE, IP. In line with existing business 
practices and procedures. 

NPS 12 pipe and fittings are not approved for 
general use by EGD and will require a variance from 
TSSA to install. Potential operational concerns 
because of limited experience with NPS 12 PE IP. 

Potential operational concerns and Permits for the 
proposed twinned mains because this area already 
has existing dual mains. 

NPS 12 pipe and fittings are not approved for 
general use by EGD and will require a variance from 
TSSA to install. Potential operational concerns 
because of limited experience with NPS 12 PE IP. 

BASE CASE - Utilization 22.9% with 100% 
predicted constant concentrations. 

Utilization 1.9% less than option Options 1 and 2 
with 84.5% of the predicted time with constant 
Hydrogen concentrations. 

Utilization 0.2% less than option Options 1 and 2 
with 98.0% of the predicted time without constant 
concentrations. 

Utilization 0.3% less than option Options 1 and 2 
with 96.5% of the predicted time without constant 
concentrations. 

Utilization marginally less than option Options 1 and 
2 with 99.6% of the predicted time without constant 
concentrations. 



Justification forAdding S1A and S1B 
Loop S1 vs S1 + S1A + S1B 

Loop Material 
Composition Vintage Value (Upstream) Value (End User) 
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Value (H2 Effort Required (Research/Records) Utilization) 

Mains: Almost all pipes 98% Plastic were installed 2% Steel between 1980 and S1A 2012. Some PE Services: pipe was installed 90% Plastic pre-1980 (Aldyl-A). 10% Steel 

Mains: 
77% Plastic 
23% Steel Installation dates 

S1B range from 1958 to 
Services: 2012. 
91% Plastic 
9% Steel 

This loops offers an 
acceptable representation of 
the EGD network as it 
contains both new and older 
pipelines. 

This survey will 
provide some visibility 

This could be defined as a 
true representation of the 
EGD network due to the 
variety of assets contained 
here including very old steel 
pipes, Aldyl-A, Amp fittings, 
copper services. It offers an 
unique opportunity to test the 
effects of hydrogen in older 
systems in the event that the 
company decides to pursue 
this venture system-wide in 
the future. 

into older appliances, 
so the impacts of H2 
on their performance 
can be assessed. 

6,700 additional 
customers, 
7% more H2 
utilization 

5,900 additional 
customers, 
8% more H2 
utilization 

Not all records are available. An 
accurate bill of material could only be 
obtained by performing a dedicated 
records investigation that includes 
miscellaneous (missy) tickets, as-laids, 
job cards, and pipe daylight. The most 
conservative approach would be to 
compile Engineering approved parts and 
technical announcements (TAs) for 
those years. 
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Revised R&D Eng. Budget –August 2018- Class 5 Estimate 
Project cost estimates comparison as of August 2018 (second forecast iteration) 

Stream 
Original Estimate 

(May 2017 Project 
Brief) 

2018 
Projection
(April 2018) 

Revised 2018 
Projection
(August 2018) 

Variance 
(April 2018 to 
August 2018) 

Comments Change in 2018 Estimates 

1. HyReady Literature study $70,000 $70,000 $70,000 $0 No change 

1b. Knowledge Acquisition $30,000 $112,000 $94,000 -$18,000 Project brief underestimated this cost. 
Savings found in the revised budget. 

2. North American Task Group 
(CGA/AGA) $30,000 $9,400 $9,400 $0 Project brief cost was overestimated. 

3a. EGD Blending Assessment 
(Closed Loop) $800,000 $1,075,000 $645,500 -$429,500 

Cost reduction of $429k from earlier 2018 
estimate by limiting scope of work to 3 closed 
loops in Markham only. 

3b. End-user Equipment 
Assessment (System Wide) $50,000 $1,001,000 $700,000 -$301,000 

The end-user equipment stream accounts for most 
of the risk. It was significantly underestimated in 
2017. Savings in 2018 were based on limiting 
experimental work, field surveys, and customer 
type in closed loops. 

4. 100% Hydrogen Pipeline $0 $204,000 $204,000 $0 Phase was not budgeted in the project brief. 

5. Hydrogen Blending Station $0 $172,000 $172,000 $0 Phase was not budgeted in the project brief. 

Risk Assessment $100,000 $325,000 $231,250 -$93,750 
Project brief did not account for several types of 
modelling required for the risk assessment. 
Reduced cost in 2018 projection by performing a 
portion of the work in-house. 

Total (No Salaries) $1,080,000 $2,968,400 $2,126,150 -$842,250 Achieved savings of $842k 

Team $900,000 $969,250 $723,375 -$245,875 Included salaries for only half of 2019 until the 
Engineering Assessment is issued in June 2019. 

Grand Total $1,980,000 $3,937,650 $2,849,525 -$1,088,125 



  
 

  

 

  

  

Power-to-Gas Phase 2: 
Hydrogen Blending 
September 2018 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
Engineering 



 
 

    

 
 

 

Power-to-Gas Phase 2 
Roadmap 

A B C D 

E
F 2 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 
CGA/AGA Task Force Information Letter (in final stages) 

HYREADY Engineering Guideline Report (original scope completed) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (in progress) 

H2 Consumption Assessment (completed for 3rd design iteration) 

Closed Loops Design Refinement (3rd iteration completed) 

 
 

  
   

   

   
   

     

   

    

   

   

 

   

  

                * The funding for the Engineering Program is still in the process of being secured by EGD, as of September 5, 2018. 3 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (survey #2 in progress) 

Data analysis for identified closed loops (in progress) 

System-wide assessment for end-user equipment (in progress) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Blending Stations Design- Injection station (in progress) 

E. Risk Assessment 

Risk Assessment Report (in progress) 

Computational Modeling (in progress) 

F. Engineering Assessment (initiated) 

 
 

   
    

   

   

   

   

     

   

  

  

 

    

 

   

  

                * The funding for the Engineering Program is still in the process of being secured by EGD, as of September 5, 2018. 4 



Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

Continue building and optimizing the Hydrogen Blending Database 

 
 

  

   

   

  
   

     

   

   

    

   

 

   

  

 

A. Research and Development: 

B. Integrity, Engineering and Capacity Assessment 

Compile and analyze operating and integrity data for the three Closed 
Loop systems (e.g., corrosion, leaks and damages) 

Complete 80% of H2 tolerance evaluation for the three Closed Loops 

C. End User Equipment Engineering and Integrity System 

Review second iteration of DBI report on End-user equipment 

Obtain first draft report from DNV-GL for emissions 

Compile 30% of field survey obtainable information for Loops S1A/S1B 

5 



Power-to-Gas Phase 2 
Upcoming Deliverables 

 
 

  

    

 
    

 

     

   

    

   

 

   

  

 

On track 

Lagging but not on critical path 

Lagging and on critical path 

D. Engineering Design: 

Continue the design review for the H2 Blending Station 

Manage Consultant Selection process to develop Engineering 
Guidelines for 100% H2 and blended gas pipelines 

E. Risk Assessment 

Obtain the second iteration for indoor dispersion modeling (C-FER) 

Obtain the second iteration for outdoor dispersion modeling (DBI-GUT) 

Facilitate HAZID sessions with SMAs as part of the Risk Study 

Continue progressing the Qualitative Risk Analysis 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development 
 Continued building the Hydrogen Knowledge Management Database framework through research review and 

conversations with worldwide SMEs 

B. Integrity, Engineering and Capacity Assessment 
 Continued contacting manufacturers for distribution components identified in the three Closed Loops 
 Completed 60% of the H2 tolerance evaluation for the three selected Closed Loops 
 Finalized the 3rd design iteration of Closed Loops, including 

network capacity, optimization analysis, cost benefit analysis 
 Analyzed and summarized operating data for the three 

Closed Loop systems (e.g., corrosion, leaks and damages) 
 Presented to Engineering, BD, Operations and Critical 

Infrastructure the all 6 blending designs to date, with a focus 
on the latest design iteration.  Presented an update on 
timelines, budgetary estimates and cost/benefit analyses 

S1 

S1A 
S1B 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

C. End User Equipment Engineering and Integrity System 
 Completed 99% the end-user equipment field survey for Loop S1 
 Continued surveying end-user equipment for Closed Loops S1A and S1B for future analysis 
 Continued with end-user equipment manufacturer survey 
 Obtained second iteration of DBI report on end-user equipment 

D. Engineering Design and Review 
 Finalized and presented 3rd iteration (design optimization) of preliminary design for pipelines carrying three 

different products (100% H2, 100% NG and Blended Gas) to reduce initial construction costs 
 Reduced construction costs from initial design by a factor of 3 
 Continued working on preliminary design for the station components (e.g., Pressure Regulation, H2 Injection) 
 Issued RFP for supporting the development of Engineering Design Guidelines for 100% H2 and blended 

pipelines 

E. Risk Assessment 
 Booked HAZID sessions with various SMAs across EGD (Various Ops. and Engineering groups). The outcome 

of these sessions will feed into the QRA 
 Refined and validated different scenarios for indoor dispersion modeling 
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Power-to-Gas Phase 2 
Evolution of Closed Loop Pipeline Design 

9 

Options 1 & 2 

Option 3B 

Option 3A-2 

Option 3B-2 

• Conducted Cost/Benefit Analysis 
• Assessed H2 utilization and supply 

reliability 
• Assessed material composition, vintage, 

among other variables 
• Recommended Option 3A for Design of

Closed Loops S1, S1A and S1B 
• Awaiting Selection Acceptance 

Option 3A 



 

   
  

    
   

 
   

 
 

   
 

 
 

  
 

  
 

  

     
     

 

Power-to-Gas Phase 2 
Evolution of Closed Loop Pipeline Design 

• Q4 2017- Q1 2018: Examined 8 macro-loops across Option 3A 
the GTA for blending considerations Proposed NPS 8 and 6 PE IP for blended gas 

• Q1 2018: Selected the Markham macro-loop for further Proposed NPS 6 XHP ST for natural gas 
analysis, divided into 3 loops for phased design 

• Q2 2018: Produced first pipeline blending design 
iteration for S1, S1A and S1B 

• Q3 2018: Initiated design refinements to reduce costs, 
system pressure and system modifications (completed 
third iteration in Aug. 2018 for S1, S1A and S1B) 

Loops S1 
•~4,000 customers 

Loop S1A 
•~7,000 customers 

Loop S1B 
•~6,000 customers 



  
 

  

 

  

  

Power-to-Gas Phase 2: 
Hydrogen Blending 
October 2018 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
Engineering 



 
 

    

 
 

 

Power-to-Gas Phase 2 
Roadmap 

A B C D 

E
F 2 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 
CGA/AGA Task Force Information Letter (in final stages) 

HYREADY Engineering Guideline Report (original scope completed) 

HYREADY Added Scope – End user (initiated) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (in final stages) 

H2 Consumption Assessment (completed) 

Closed Loops Design Refinement (completed) 

 
 

  
   

   

   

   
   

     

   

    

  

  

 

   

  

               * The funding for the Engineering Program is still in the process of being secured by EGD, as of October 3, 2018. 3 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (survey #3 in progress) 

Data analysis for identified closed loops (in progress) 

System-wide assessment for end-user equipment (in progress) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Blending Stations Design- Injection station (in progress) 

E. Risk Assessment 

Risk Assessment Report (in progress, completed HAZID) 

Computational Modeling (in progress) 

F. Engineering Assessment (in progress) 

 
 

   
    

   

   

   

   

     

   

  

  

 

    

 

   

  

               * The funding for the Engineering Program is still in the process of being secured by EGD, as of October 3, 2018. 4 



Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 

Continue building and optimizing the Hydrogen Blending Database 

Manage HYREADY’s expanded work scope 

B. Integrity, Engineering and Capacity Assessment 

Compile and analyze operating and integrity data for the three Closed 
Loops (e.g., corrosion, leaks and damages) 

Complete 100% of H2 tolerance evaluation for the three Closed Loops 

C. End User Equipment Engineering and Integrity System 

Issue final iteration of DBI report on end-user equipment 

Issue final draft reports from DNV-GL for end-user emissions and risk 

Compile 75% of field survey obtainable information for Loops S1A/S1B, 
including 18 field validations for potentially miscategorized equipment 5 

 
 

  

   

   

   

  
  

     

   

  

    

  
     

 

   

  

 



Power-to-Gas Phase 2 
Upcoming Deliverables 

 
 

  

    

   
  

 

     

     

     

   
 

 

   

  

 

On track 

Lagging but not on critical path 

Lagging and on critical path 

D. Engineering Design: 

Continue the design review for the H2 Blending Station 

Select Consultant to develop Engineering Guidelines for 100% H2 and 
blended gas pipelines 

E. Risk Assessment 

Obtain the final iteration for indoor dispersion modeling (C-FER) 

Obtain the final iteration for outdoor dispersion modeling (DBI-GUT) 

Analyze the results of all HAZID sessions as part of the Risk Study 

Finalize Qualitative Risk Analysis and progress the Quantitative Risk 
Assessment 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development 
 Continued building the Hydrogen Knowledge Management Database framework 
 Worked with the CGA/AGA Task Force in preparation of the CGA report adoption 

B. Integrity, Engineering and Capacity Assessment 
 Continued contacting manufacturers for distribution components identified in the three Closed Loops 
 Completed 80% of the H2 tolerance evaluation for the three selected Closed Loops 
 Finalized the latest design iteration of Closed Loops, including 

network capacity, optimization analysis, cost benefit analysis 
 Received business support for the selected design 
 Presented an update on timelines, budgetary estimates 

and cost/benefit analyses to BD, Critical Infrastructure and 
other stakeholders 

 Developed a testing plan for leak detection equipment on 
blended hydrogen mixtures at TOC 

S1 

S1A 
S1B 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

C. End User Equipment Engineering and Integrity System 
 Completed 100% the end-user equipment field survey for Loop S1 with a 90% confidence level 
 Completed 44% of end-user equipment survey for Closed Loops S1A and S1B for future analysis 
 Continued with end-user equipment manufacturer survey 
 Obtained third and final iteration of DBI report on end-user equipment 

D. Engineering Design and Review 
 Finalized design optimization for pipelines carrying three different products (100% H2, 100% NG and Blended 

Gas) to reduce initial construction costs, detailed design to follow 
 Continued working on station components design (e.g., Pressure Regulation, H2 Injection) 
 Received proposals from six companies for the development of Engineering Design Guidelines for 100% H2 and 

blended pipelines, evaluations to follow, initiated evaluations 

E. Risk Assessment 
 Completed four HAZID sessions with various SMAs across EGD (Ops., Integrity, Risk and Engineering groups). 

The outcome of these sessions will feed into the Quantitative Risk Assessment (QRA) 
 Further refined and validated different scenarios for indoor and outdoor dispersion modeling 
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Power-to-Gas Phase 2 
Evolution of Closed Loop Pipeline Design 

• Q4 2017- Q1 2018: Examined 8 macro-loops across Option 3A 
the GTA for blending considerations Proposed NPS 8 and 6 PE IP for blended gas 

• Q1 2018: Selected the Markham macro-loop for further Proposed NPS 6 XHP ST for natural gas 
analysis, divided into 3 loops for phased design 

• Q2 2018: Produced first pipeline blending design 
iteration for S1, S1A and S1B 

• Q3 2018: Issued design refinements to reduce costs, 
system pressure and system modifications (completed 
fourth iteration in Sept. 2018 for S1, S1A and S1B) 

Loops S1 
•~4,000 customers 

Loop S1A 
•~7,000 customers 

Loop S1B 
•~6,000 customers 



Power-to-Gas Phase 2 
Preliminary Emission Impact from Hydrogen Blending 

Gas Interchangeability Study1: The ability to substitute one gaseous fuel for another in a combustion application 
without materially changing the operational performance of the application (safety, efficiency or emissions). 

Appliance Type CO2 CO NOx Flame Temp 
Temp 

Combustion 
Chamber 

Lambda (air
to fuel ratio) Flame Speed 

Industrial (retrofit) ↓ ↓ ↑ ↑ = = ↑ 
Industrial (no
retrofit)* ↓ ↓ ↓** ↑ ↓ ↑ ↑ 
Residential (no 
retrofit) ↓ ↓ ↓ ↑ ↓ ↑ ↑ 
Turbines (retrofit) ↓ ↓ ↑ ↑ = = ↑ 
Engines (no retrofit) ↓ ↓ ↑ ↑ ↓ ↑ ↑ 

  

  
     

 

 

  

     
 

 

 
   

        
  

        

        
        

        

                 
             

 
        

* It is not practical not to retrofit equipment for industrial users, as this will be detrimental to their processes. 
** The NOx-formation in non-retrofitted plants should theoretically drop; however, in practice, it depends on plant parameters. 

10 
1. Guidebook to Gas Interchangeability and Gas Quality. International Gas Union/BP, 2012. 
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Engineering Update: 
Hydrogen Blending 

October 2, 2018 

PtG Blending Phase – Governance Update 

Prepared by: Mohamed Chebaro, Ramses Atilano 
Presented by: Mike Wagle 
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Pilot Construction Phase – Initial Route Options 
XHP, HP and IP options included in the cost benefit analysis 

Options 1 & 2 

Option 3B 

Option 3A-2 

Option 3B-2 

    

3 



     

~

~

~

Pilot Construction Phase – Recommended Option: 3A 
New NPS 8 and NPS 6 PLASTIC intermediate pressure main and use existing NPS 6 and NPS 4 PE IP mains 

Loops S1 
• 4,000 customers 

Loop S1A 
• 7,000 customers 

Loop S1B 
• 6,000 customers 
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Option 3A– Feed to Closed Loops 

District Station Compressor * 

Blended pipeline Pure NG pipeline 
Hydrogen pipeline Injection point 

NG Feed from NPS Why not NG feed 
30 from Vic Square? 

• Pipeline design in 
line with current 

• Long distance / 
increased costs 

• 

• 

business practices, 
codes and 
regulations 
Allows gathering 
pertinent 
information while 
minimizing 
additional risk 
Utilizes a relatively 
new portion of the 
system in a 
controlled 

• 

• 

Additional pipeline 
required to Vic 
Square in the 
future anyway to 
maintain closed 
loops 
Pipeline to Vic 
Square needed to 
potentially blend in 
North Feed would 
likely have a large 
H2 concentration, 

environment which is currently 
under evaluation 
(codes, standards) 
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Option 3A – Future Expansion 

District Station Compressor * 

Feed to Vic Square 

• As a future phase, post-Engineering 
Assessment, Engineering will look into 
potentially blending into the North Feed of 
Vic Square at low concentrations, while 
maintaining the closed loop blending active 

• This would require a separate pipeline (high 
concentration of H2) from TOC to Vic 
Square 

• Conducting such a large scale blending 
exercise would require additional 
assessments, which will take place in 2019 
and potentially 2020 

• Lessons learned from closed loops S1, S1A 
and S1B will be required for this activity 

Blended pipeline Pure NG pipeline 
Hydrogen pipeline Injection point 
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Cost-Benefit Analysis of Design Options – Class 5 Estimates 
Option 3A presents the most value based on selection criteria 

Cost Benefit - Design Options 

7 

Pilot Stage – 
Loop S1 1 and 2 3A 3A-2 3B 3B-2 

Function of 
($ / utilization x reliability) 1.0 3.2 1.2 1.4 1.9 1.8 

0.0 

0.5 

1.0 

3.0 

3.5 

S1 + S1A + S1B 

$3.1M 

$26.0M 

$9.1M 
$11.9M 

$16.4M $15.9M 

* Budgetary estimate from BD is $9-10M, including research 

S1 

1.1.1.11.1.1.11111.1.1.1111111.111.111111111111111111111.1111111111.11111111.1.11.111.1.1.11.1111111111111111111111.111111.111111111.111111.111111.111111 .11..11.11.1.111111111111111111111111111111.1 .1111111..11111.1 ....1..1111111 555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555 55555555555 

2.222222222222222222222222222222222222222.0000000000 00000000000000000000 0000000000000000 

2222.222.2.2222.222.222.2222222.22222 22.2. 55555S1 

S1A 
S1B 

Recommended 
Design 
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Justifications for Design Options 
Advantages and disadvantages of each option that were considered in the recommendation 

Design 
Iteration 

Construction & Operations Hydrogen Utilization and System Reliability 

Pilot Stage 
(S1) 

1 and 2 

3A 

3A-2 

3B 

3B-2 

XHP is not preferred for blended gas at this point. 
The construction estimate for the HP main is not 
feasible. 

NPS 6 and 8 PE, IP. In line with existing business 
practices and procedures. 

NPS 12 pipe and fittings are not approved for 
general use by EGD and will require a variance from 
TSSA to install. Potential operational concerns 
because of limited experience with NPS 12 PE IP. 

Potential operational concerns and Permits for the 
proposed twinned mains because this area already 
has existing dual mains. 

NPS 12 pipe and fittings are not approved for 
general use by EGD and will require a variance from 
TSSA to install. Potential operational concerns 
because of limited experience with NPS 12 PE IP. 

BASE CASE - Utilization 22.9% with 100% 
predicted constant concentrations. 

Utilization 1.9% less than option Options 1 and 2 
with 84.5% of the predicted time with constant 
Hydrogen concentrations. 

Utilization 0.2% less than option Options 1 and 2 
with 98.0% of the predicted time without constant 
concentrations. 

Utilization 0.3% less than option Options 1 and 2 
with 96.5% of the predicted time without constant 
concentrations. 

Utilization marginally less than option Options 1 and 
2 with 99.6% of the predicted time without constant 
concentrations. 



 

 

 

 
 

  
 

 
  

 
  

 
 

 

 

 
  

 
 

 
 

  
 

 

 
 

 

 
 

  
 

 
  

  
  

 

 

Justification for Adding S1A and S1B 
Loop S1 vs S1 + S1A + S1B 

Material Value (H2Loop Vintage Value (Upstream) Value (End-User) Effort Required (Research/Records) Composition Utilization) 

S1A 

S1B 

Mains: 
98% Plastic 
2% Steel 

Services: 
90% Plastic 
10% Steel 

Mains: 
77% Plastic 
23% Steel 

Services: 
91% Plastic 
9% Steel 

Almost all pipes 
were installed 
between 1980 and 
2012. Some PE 
pipe was installed 
pre-1980 (Aldyl-A). 

Installation dates 
range from 1958 to 
2012. 

This loops offers an 
acceptable representation of 
the EGD network as it 
contains both new and older 
pipelines. 

This survey will 
provide some visibility 

This could be defined as a 
true representation of the 
EGD network due to the 
variety of assets contained 
here including very old steel 
pipes, Aldyl-A, Amp fittings, 
copper services. It offers an 
unique opportunity to test the 
effects of hydrogen in older 
systems in the event that the 
company decides to pursue 
this venture system-wide in 
the future. 

into older appliances, 
so the impacts of H2 
on their performance 
can be assessed. 

6,700 additional 
customers, 
7% more H2 
utilization 

5,900 additional 
customers, 
8% more H2 
utilization 

Not all records are available. An 
accurate bill of material could only be 
obtained by performing a dedicated 
records investigation that includes 
miscellaneous (missy) tickets, as-laids, 
job cards, and pipe daylight. The most 
conservative approach would be to 
compile Engineering approved parts and 
technical announcements (TAs) for 
those years. 
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Revised R&D Eng. Budget – Oct. 2018- Class 5 Estimate 
Project cost estimates comparison as of Sept. 2018 (third forecast iteration) 

Stream 
Original Estimate 

(May 2017 Project 
Brief) 

2018 
Projection 
(April 2018) 

Revised 2018 Revised 2018 
Projection Projection 
(Aug. 2018) (Sept. 2018) 

Comments Change in 2018 Estimates 

1. HyReady Literature study $70,000 $70,000 $70,000 $74,184 No change 

1b. Knowledge Acquisition 

2. North American Task Group 
(CGA/AGA) 

3a. EGD Blending Assessment 
(Closed Loop) 

3b. End-user Equipment 
Assessment (System Wide) 

$30,000 

$30,000 

$800,000 

$50,000 

$112,000 

$9,400 

$1,075,000 

$1,001,000 

$94,000 

$9,400 

$645,500 

$700,000 

$88,000 

$9,400 

$620,500 

$600,000 

Project brief underestimated this cost. 
Savings found in the revised budget. 

Project brief cost was overestimated. 

Cost reduction of $429k from earlier 2018 
estimate by limiting scope of work to 3 closed 
loops in Markham only. 
The end-user equipment stream accounts for most 
of the risk. It was significantly underestimated in 
2017. Savings in 2018 were based on limiting 
experimental work, field surveys, and customer 
type in closed loops. 

4. 100% Hydrogen Pipeline $0 $204,000 $204,000 $204,000 Phase was not budgeted in the project brief in 
early/mid 2017. 

5. Hydrogen Blending Station $0 $172,000 $172,000 $85,000 Phase was not budgeted in the project brief in 
early/mid 2017. 

Risk Assessment 

Total (No Salaries) 

Team 

Grand Total 

$100,000 

$1,080,000 

$900,000 

$1,980,000 

$325,000 

$2,968,400 

$969,250 

$3,937,650 

$231,250 

$2,126,150 

$838,375 

$2,964,525 

$168,750 

$1,849,834 
$838,375 

$2,688,209 

Project brief did not account for several types of 
modelling required for the risk assessment. 
Reduced cost in 2018 projection by performing a 
portion of the work in-house. 

Included salaries for only half of 2019 until the 
Engineering Assessment is issued in June 2019. 

Achieved savings of  approx. $1.1M from original 
April 2018 projection 



  
 

  

 

  

  

Power-to-Gas Phase 2: 
Hydrogen Blending 
November 2018 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
Engineering 



 
 

    

 
 

 

Power-to-Gas Phase 2 
Roadmap 

A B C D 

E
F 2 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 
CGA/AGA Task Force Information Letter (completed) 

HYREADY Engineering Guideline Report (original scope completed) 

HYREADY Added Scope – End user (initiated) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (in final stages) 

H2 Consumption Assessment (completed) 

Closed Loops Design Refinement (completed) 
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Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (survey #4 in progress) 

Data analysis for identified closed loops (in progress) 

System-wide assessment for end-user equipment (in progress) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Station Design- Injection station (in progress, completed DBM draft) 

E. Risk Assessment 

Risk Assessment Report (in progress, completed HAZID, QRA initiated) 

Computational Modeling (final draft completed and under review) 

F. Engineering Assessment (in progress) 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 

Continue building and optimizing the Hydrogen Blending Database 

Manage HYREADY’s expanded work scope 

B. Integrity, Engineering and Capacity Assessment 

Finalize analysis for the operating and integrity data for the three Closed 
Loops (e.g., corrosion, leaks and damages) 

Continue to compile and address action items from the H2 tolerance 
evaluation for the three Closed Loops 

C. End User Equipment Engineering and Integrity System 

Issue final draft report from DNV-GL for risk 

Compile 100% of field survey targets for Loops S1A/S1B 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

 
 

  

    

   
  

 

     

     

   

    

 

   

  

 

On track 

Lagging but not on critical path 

Lagging and on critical path 

D. Engineering Design: 

Continue the design review for the H2 Blending Station 

Secure Contract with Consultant to develop Engineering Guidelines for 
100% H2 and blended gas pipelines 

E. Risk Assessment 

Review/accept the final iteration for indoor dispersion modeling (C-FER) 

Review/accept the final iteration for outdoor dispersion modeling (DBI) 

Closed out all the action items from the HAZID sessions 

Progress the Quantitative Risk Assessment based on HAZID outcomes 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development 
 Continued building the Hydrogen Knowledge Management Database framework 
 Chaired meetings with CGA/AGA Task Force 
 Received the final version of the information letter approved by both CGA and AGA 

B. Integrity, Engineering and Capacity Assessment 
 Completed manufacturers survey for distribution components identified in the three Closed Loops 
 Completed 100% of the H2 tolerance evaluation for the three selected Closed Loops 
 Procured the required equipment for in-house leak testing on blended H2 mixtures. Scheduled testing with 

EMEC and Technical Training 

C. End User Equipment Engineering and Integrity System 
S1

 Completed 75% of end-user equipment survey for S1A and S1B 
 Continued with end-user equipment manufacturer survey 
 Continued the commercial customer surveys for Loops S1A/S1B 
 Received final draft report from DNV-GL for end-user emissions S1A 
 Field-validated 18 potential Industrial customers and properly S1B 

classified them as Commercial 
 Issued final iteration of DBI report on end-user equipment 7 



 
  

    
  

    
  

    
 

  
    

    
   

    
 

  
   

          
        

 
           

 

Power-to-Gas Phase 2 
Past Month’s Achievements 

D. Engineering Design and Review 
 Finalized design and refined cost estimates for 100% H2, 100% NG and blended pipelines 
 Continued working on station components design (e.g., Pressure Regulation, H2 Injection) 
 Performed technical and financial evaluations of six proposals for the development of Engineering Design 

Guidelines for 100% H2 and blended pipelines (evaluation is in final stages) 

E. Risk Assessment 
 Closed out 15 out of 39 actions items form the HAZID sessions 
 Finalized Qualitative Risk Analysis as part of the Risk Assessment 
 Initiated the Quantitative Risk Assessment (QRA) 
 Received final draft reports for indoor and outdoor dispersion modeling (DBI and C-FER) 

F. Engineering Assessment 
Conducted strategy sessions among the Growth Team to start shaping the Engineering Assessment 
Met with the TSSA to discuss the topic of Hydrogen Blending, including design approvals, TSSA’s general 

involvement, research elements, next steps, etc. 
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Power-to-Gas Phase 2 
Evolution of Closed Loop Pipeline Design 

• Q4 2017- Q1 2018: Examined 8 macro-loops across Option 3A 
the GTA for blending considerations Proposed NPS 8 and 6 PE IP for blended gas 

• Q1 2018: Selected the Markham macro-loop for further Proposed NPS 6 XHP ST for natural gas 
analysis, divided into 3 loops for phased design 

• Q2 2018: Produced first pipeline blending design 
iteration for S1, S1A and S1B 

• Q3 2018: Issued design refinements to reduce costs, 
system pressure and system modifications (completed 
fourth iteration in Sept. 2018 for S1, S1A and S1B) 

Loops S1 
•~3,600 customers 

Loop S1A 
•~6,700 customers 

Loop S1B 
•~5,900 customers 



Power-to-Gas Phase 2 
Closed Loop Materials and End-user Survey 

Length of Mains by Material Number of Services by Material 

S1  S1A  S1B S1  S1A S1B 

250 Loop S1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
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Power-to-Gas Phase 2: 
Hydrogen Blending 
December 2018 

Engineering Monthly Update 

Mohamed Chebaro, Ramses Atilano and Steven Rogers 
Engineering 



 
 

    

 
 

 

Power-to-Gas Phase 2 
Roadmap 

A B C D 

E
F 2 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 
CGA/AGA Task Force Information Letter (completed) 

HYREADY Engineering Guideline Report (original scope completed) 

HYREADY Added Scope – End user (initiated) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (in final stages) 

H2 Consumption Assessment (completed) 

Closed Loops Design Refinement (completed) 
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Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (survey #4 in final stages) 

Data analysis for identified closed loops (in final stages) 

System-wide assessment for end-user equipment (completed) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Station Design- Injection station (in final stages, completed DBM draft) 

E. Risk Assessment 

Risk Assessment Report (in progress, completed HAZID, QRA in progress) 

Computational Modeling (completed) 

F. Engineering Assessment (in progress) 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

 
 

  

   

   

   

   
  

   

      

    

 

   

  

 

A. Research and Development: 

Continue building and optimizing the Hydrogen Blending Database 

Manage HYREADY’s expanded work scope 

B. Integrity, Engineering and Capacity Assessment 

Continue to compile and address action items from the H2 tolerance 
evaluation for the three Closed Loops 

C. End User Equipment Engineering and Integrity System 

Analyze surveys for commercial customers for Loops S1A/S1B 

Finalize report on leak detection and appliance testing for H2 mixtures 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

D. Engineering Design: 

Continue the design refinement for the H2 Blending Station 

Initiate work with Worley Parsons to develop Engineering Design 
Guidelines for 100% H2 and blended pipelines 

E. Risk Assessment 

Finalize the Quantitative Risk Assessment based on HAZID outcomes 

Issue first Draft of the Risk Assessment Report fro internal review 

F.  Engineering Assessment 

Progress the first draft of the Engineering Assessment 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development 
 Chaired meetings with CGA/AGA Task Force 
 Attended the official kick-off meeting with HYREADY Steering committee for the expanded work scope (Wiki 

Platform for Gas Transmission and Distribution Guidelines and End-user Equipment Study) 

B. Integrity, Engineering and Capacity Assessment 
 Completed and documented in-house leak testing at EMEC on blended H2 mixtures, using EGD’s gas 

composition 
 Finalized analysis for the operating and integrity data for the 

three Closed Loops (e.g., corrosion, leaks and damages) 
S1 

C. End User Equipment Engineering and Integrity System 
 Completed 100% of end-user equipment survey for S1A and S1B S1A 
 Completed end-user equipment manufacturer survey S1B 
 Completed 51 commercial surveys in Loops S1A/S1B 
 Completed and documented in-house appliance testing on 

blended H2 mixtures. 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

D. Engineering Design and Review 
 Continued working on station component design (e.g., Pressure Regulation, H2 Injection) 
 Selected Worley Parsons for the development of the Engineering Design Guidelines for 100% H2 and blended 

pipelines (contract is now fully executed) 

E. Risk Assessment 
 Closed out all actions items from the HAZID sessions 
 Finalized Consequence Modeling as part of the Risk Assessment 
 Progressed the Quantitative Risk Assessment 
 Reviewed and accepted the final deliverable for indoor dispersion modeling (C-FER) 
 Reviewed and accepted the final deliverable for outdoor dispersion modeling (DBI) 
 Received and reviewed the final draft deliverable for End user equipment risk (DNV-GL) 

F. Engineering Assessment 
 Conducted strategy sessions among the Growth Team to start shaping the Engineering Assessment 
 Continued working on the Engineering Assessment Report (50% complete) 

8 



  
        

 

   

 

 

 

 

 

 

 

 

 

 

  

 

  

 

  

        

 

Power-to-Gas Phase 2 – Preliminary Results 
Average Number of NG Appliances per Household (the UK and Ontario) 
Source: DNV-GL 

*Gas Water Heaters 

Gas Tumble Dryers 

Gas Space Heaters 

Gas Cookers 

Gas Central Heating Appliances 0.946 

0.702 

0.286 

0.002 

0.050 

0.871 

0.285 

0.394 

0.130 

0.986 

0.000 0.200 0.400 0.600 0.800 1.000 1.200 

Canada (Ontario)  - Typical Home (number of Appliances) UK - Typical Home (number of Appliances) 

* Most central heating in the UK is combo gas/water heaters 



  
      

  

 

 
   

 

 
    

 

 

  

  
 

   

                 
               

Power-to-Gas Phase 2 – Preliminary Results 
Quantitative Risk Assessment – Individual Risk for Customers (per year) by Appliance Type 
Source: DNV-GL 
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Note: The figure above compares the individual risk for customers by appliance type only. Pipeline risk is considered separately and will 
feed into the overall individual risk. The risk tolerance value is per document “Risk Tolerance For EMT 2017 Q1”. 



  
 

  

 

  

  

Power-to-Gas Phase 2: 
Hydrogen Blending 
January 2019 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
Engineering 



 
 

    

 
 

 

Power-to-Gas Phase 2 
Roadmap 

A B C D 

E
F 2 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 
CGA/AGA Task Force Information Letter (completed) 

HYREADY Engineering Guideline Report (original scope completed) 

HYREADY Added Scope – End user (in progress) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (in final stages) 

H2 Consumption Assessment (completed) 

Closed Loops Design Refinement (completed) 
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Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (completed) 

Data analysis for identified closed loops (completed) 

System-wide assessment for end-user equipment (completed) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Station Design- Injection station (in final stages, completed DBM draft) 

E. Risk Assessment 

Risk Assessment Report (in progress, 50% of Report completed) 

Computational Modeling (completed) 

F. Engineering Assessment (in progress, 40% of EA completed) 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

 
 

  

   

   

   

   
  

 

   

  
 

 

   

  

 

A. Research and Development: 

Continue building and optimizing the Hydrogen Blending Database 

Manage HYREADY’s expanded work scope 

B. Integrity, Engineering and Capacity Assessment 

Continue to compile and address action items from the H2 tolerance 
evaluation for the three Closed Loops (e.g., Measurement, Regulation, 
Materials, Leak Detection, Integrity) 

C. End User Equipment Engineering and Integrity System 

Continue to address action items related to End user equipment for the 
Engineering Assessment 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

 
 

  

    

   
    

 
 

 

    

  

  
 

 

   

  

 

On track 

Lagging but not on critical path 

Lagging and on critical path 

Issue the first Draft of the Risk Assessment Report for internal review 

D. Engineering Design: 

Progress design refinements for the H2 Blending Station, per DBM 

Receive first draft of the Engineering Guidelines from Worley Parsons 
that assess impact on Legacy EGD related Engineering Manuals 

Continue progressing the design of the blended pipeline (e.g., System 
Improvement, Drafting, Engineering, Permitting) 

E. Risk Assessment 

F.  Engineering Assessment 

Progress the first draft of the Engineering Assessment to 60% 
completion 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

A. Research and Development 
 Chaired meetings with CGA/AGA Task Force 
 Continued managing HYREADY’s expanded work scope (Wiki Platform for  Gas Transmission and Distribution 

Guidelines and End-user Equipment Study) 

B. Integrity, Engineering and Capacity Assessment 
 Continued to address action items from the H2 tolerance evaluation for the three Closed Loops. This included 

meetings with internal and external stakeholders related to leak detection implications, measurement, regulation 
and integrity, 

C. End User Equipment Engineering and Integrity System 
 Received first draft of EMEC’s report on leak detection equipment 

in-house testing, initiated reviews by Engineering 
 Received first draft of statistical analysis for surveys 
 Completed 100% of commercial surveys in Loops S1A/S1B 

S1 

S1A 
S1B 
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Power-to-Gas Phase 2 
Past Month’s Achievements 

D. Engineering Design and Review 
 Continued working on station component design (e.g., Pressure Regulation, H2 Injection) 
 Initiated work with  Worley Parsons for the development of the Engineering Design Guidelines for 100% H2 and 

blended pipelines 
 Hosted sessions (codes, standards and regulations) with multiple SMEs from Worley Parsons and EGI 
 Received a general outline of the recommended changes to EGI’s Engineering Manuals related to Hydrogen 

Blending and 100% Hydrogen pipelines 

E. Risk Assessment 
 Progressed the Quantitative Risk Assessment to 50% completion 
 Received final deliverable for End user equipment risk from DNV-GL 
 Continued working on the Risk Assessment Report in preparation of issuing it in January 2019 

F. Engineering Assessment 
 Held strategy sessions within the Engineering Growth Team to design the Engineering Assessment content 
 Completed 40% of Engineering Assessment 
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Power-to-Gas Phase 2 – Preliminary Results 
Graphical Representation of Outdoor LEL Development with the Addition of H2 
Source: DBI-GUT 

Note: For a complete rupture of an 
IP (55 psig) NPS 0.5 line with 54 
km/h wind, the LEL downstream 
distance would increase by ~1.3% at 
2.0% H2 concentration when 
compared to a baseline of 100% 
natural gas. 



  
 

  

 

  

   

Power-to-Gas Phase 2: 
Hydrogen Blending 
February 2019 

Engineering Monthly Update 

Mohamed Chebaro, Ramses Atilano and Steven Rogers 
Engineering 



 
 

    

 
 

 

                                                                                    

             

  

 

 

  

     

 
 

  

  

 

 

 

 

 

   

 
 

 

 

 
 

 
 

 

 
 

 
 

 

  

 

 

 

 

 

  

 

 
 
 
 
 

 

 

 
 

 
 
 

 

 

 

 

 

 
 
 
 
 
 
  

 
 

 
  

 
 

  

 

 

 
 
  
 

    

Power-to-Gas Phase 2 
Roadmap 

A B C D 

E
F

6a. Risk Management 

End-user Equipment Literature Review and 
Report 

• Not required for the Engineering 
Assessment 

• Report expected for Q4, 2019 

1. HYREADY Project 
PM: Ramses Atilano 

Support: Stephanie Demakos 

3a. EGD Blending Assessment (Upstream) 
PM: Desiree Gajonera 

Support: Stephanie Demakos 

3b. End-user Equipment Assessment 
PM: Steven Rogers 

Support: Stephanie Demakos 

4. 100% H2 and NG/H2 Blended Pipelines 
PM: Alexander Hadjis 

5. H2 Blending Station 
PM: Peter Soutar 

POWER-TO-GAS PHASE 2: ENGINEERING PROGRAM ROADMAP 

Assessment of Gas Distribution Network 
(Location, Pressure, Gas Consumption, H2 

Production) 

Blending Assessment for Network 
Components and Materials 

Submit EGD’s Materials and Components 

Issue Engineering Approved Decision 

Investigate Standards, Codes and 
Regulations for 100% H2 And Blended 

Pipelines 

Develop Engineering Guidelines for a 
100% H2 and Blended Pipelines 

Perform Pipeline Preliminary Design 

Investigate Standards and Regulations for 
Hydrogen Blending Stations 

Develop Engineering Guidelines for 
Hydrogen Blending Stations 

Perform H2 Blending Station Preliminary 
Design 

2.  CGA/AGA Hydrogen Blending  Group 
PM: Ramses Atilano 

Form North American CGA/AGA Working 
Group 

Conduct and Issue Engineering Assessment 

Perform Initial H2 

Literature Study (Industry Wide) 

• Define Blending Guidelines for 
Transmission Systems 

• Define Blending Guidelines for 
Distribution Systems 

• Propose Mitigation Strategies 

HYREADY 
Issue Engineering Guidelines on the 

Readiness of Natural Gas Systems for H2 

Blending (Original Scope) 

Issue Engineering Recommendation for 
Closed Loop System(s)                              
(Work Packages 1 to 5) 

Approved CGA/AGA Information Letter 

Issue Engineering Recommendation and 
Related Deliverables for End-user 

Equipment 
Issue Engineering Guidelines for H2 and 

Blended Pipelines and Preliminary Design 
for Closed Loop Location(s) 

Issue Engineering Guidelines and 
Preliminary Design for H2 Blending Station 

March 2019 

May 2019 

June 2019 

December 2018 

Perform Public Domain Knowledge 
Research 

Perform Industry Specific Research 
• Define Scope of Work 
• Identify and Select Specialized 

Engineering Consultant(s) 
• Finalize Contract(s) 
• Review Applicable Codes and 

Standards 
• Leverage Technical Information from 

EGD’s Stakeholders and External 
Parties 

November 2017 

September 2017 

January 2018 

May 2018 

July 2018 

September 2018 

November 2018 

• Define Scope of Work 
• Identify and Select Specialized 

Engineering Consultant(s) 
• Finalize Contract(s) 
• Leverage Technical Information from 

EGD’s Stakeholders and External 
Parties 

• Perform Geographic Analysis of the 
Gas Grid Surrounding PtG plant 

• Elaborate H2 Production Profile from 
PtG Plant 

• Investigate Natural Gas Consumption 
and Pressure Profile for Possible 
Injection Points 

• Investigate Standards and Regulations 
for Allowable Blending Concentrations 

• Investigate Components and Materials 
for Each Location’s Distribution System 

• Evaluate System’s Integrity in Regards 
to H2 Blending 

• Explore Additional Safety 
considerations 

• Define System’s H2 Tolerance 

Preliminary Work 

March 2018 

HYREADY Data Analysis 

July 2017 

• Identify and Select Specialized 
Engineering Consultant(s) 

• Finalize Contract(s) 
• Define Material and Components 
• Define Welding Procedures 
• Engage Regulatory Stakeholders 
• Draft Preliminary Engineering 

Guidelines for H2 and Blended 
Pipelines 

• Review related international codes 

• Identify and Select Specialized 
Consultant(s) or internal SMA 

• Finalize Contract(s), if applicable 
• Review Existing Blending Technologies 
• Develop Inlet, Outlet, Odourization  

and Monitoring Parameters 
• Perform high level cost analysis of 

hydrogen injection station 

Created by: Ramses Atilano 
Reviewed and Approved by: Mohamed Chebaro 

February 7th, 2019 
Version 1.25 

Preliminary Work 

• Compile a System-wide List of End-user 
Equipment 

• Survey End-users in the closed loop 
system(s) 

• Identify End-user Equipment for the  
Closed Loop Locations 

• Survey Manufacturers 
• Review Manufacturers' Data 
• Perform Location Point Sites Ranking 
• Conduct Gap Analysis 
• Identify Compliance Variances 
• Define Mitigation Strategies 
• Assess the Effect of H2 Blending on 

Metering (Measurement Canada) 
• Define Testing Protocols 
• Conduct dispersion modeling 

6b. 

6c. 

June 2017 

August 2017 

October 2017 

December 2017 

February 2018 

April 2018 

June 2018 

August 2018 

October 2018 

End-user Equipment Data Analysis 

Program Management 
Ramses Atilano 

Review and Finalize CGA/AGA Information 
Letter 

January 2019 

February 2019 

April 2019 

• Design NG Pipeline to injection point 
• Design 100% H2 Pipeline from 

Hydrogen Plant to injection point 
• Design Blended (NG/H2) Pipeline to 

feed Closed Loop System(s) 
• List requirements for H2 Pipelines 

Perform Qualitative Risk
Assessment 

• Evaluate Metering Requirements 
• Evaluate Odourization Requirements 
• Evaluate H2 Injection Limitations 
• Design H2 Blending Station 

Issue Risk Assessment ReportPlan Risk Management
and Identify Risks 

HYREADY Additional Scope 

Perform Quantitative Risk 
Assessment Plan Risk Response 

2 



Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

A. Research and Development: 
CGA/AGA Task Force Information Letter (completed) 

HYREADY Engineering Guideline Report (original scope completed) 

HYREADY Added Scope – End User (in progress) 

B. Integrity, Engineering and Capacity Assessment 
Closed Loop(s) Identification and Prioritization (completed) 

Network Capacity Analysis for Closed Loop Candidates (completed) 

Material and Component Data Gathering Analysis (completed) 

Integrity Assessments for Closed Loop Candidates (under final review) 

H2 Consumption Assessment (completed) 

Closed Loops Design Refinement (completed) 
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Power-to-Gas Phase 2 
Status Review 

On track 

Lagging but not on critical path 

Lagging and on critical path 

C. End User Equipment Engineering and Integrity System 
Data collection for identified closed loops (completed) 

Data analysis for identified closed loops (completed) 

System-wide assessment for end-user equipment (completed) 

D. Engineering Design and Review 

Pipeline Design- Hydrogen pipeline (in progress) 

Pipeline Design- Natural gas and blended pipelines (in progress) 

Station Design- Injection station (in final stages, completed DBM draft) 

E. Risk Assessment 

Risk Assessment Report (in progress, first draft received) 

Computational Modeling (completed) 

F. Engineering Assessment (in progress, 60% of EA completed) 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

On track 

Lagging but not on critical path 

Lagging and on critical path 

 
 

  

   

   

   

    
 

   

   

 
 

 

   

  

 

A. Research and Development: 

Continue building and optimizing the Hydrogen Blending Database 

Manage HYREADY’s expanded work scope 

B. Integrity, Engineering and Capacity Assessment 

Continue to address action items from the H2 tolerance evaluation for 
the three Closed Loops (e.g., Measurement, Regulation, Materials, 
Leak Detection, Integrity) and provide recommendations in the EA 

C. End User Equipment Engineering and Integrity System 

Continue to address action items related to End User equipment in the 
Engineering Assessment 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

 
 

  

    

    
    

 
 

 

   

  

  
 

 

   

  

 

On track 

Lagging but not on critical path 

Lagging and on critical path 

Issue the second draft of the Risk Assessment Report for internal review 

D. Engineering Design: 

Progress design refinements for the H2 Blending Station, per DBM 

Receive final draft of the Engineering Guidelines from Worley Parsons 
that assess impact on Legacy EGD related Engineering Manuals 

Continue progressing the design of the blended pipeline (e.g., System 
Improvement, Drafting, Engineering, Permitting) 

E. Risk Assessment 

F.  Engineering Assessment 

Progress the first draft of the Engineering Assessment to 80% 
completion 
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Power-to-Gas Phase 2 – Overall Progress 
Past Month’s Achievements 

A. Research and Development 
 Continued managing HYREADY’s expanded work scope (Platform for  Gas Transmission and Distribution 

Guidelines and End-user Equipment Study) 

B. Integrity, Engineering and Capacity Assessment 
 Continued to address action items from the H2 tolerance evaluation for the three Closed Loops. This included 

meetings with internal and external stakeholders related to leak detection implications, measurement, regulation 
and integrity 

C. End User Equipment Engineering and Integrity System 
 Received final version of EMEC’s report on leak detection 

equipment in-house testing, after reviews by Engineering 
 Received second draft of statistical analysis for surveys 
 Presented related outcomes to Operations 

S1 

S1A 
S1B 
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Power-to-Gas Phase 2 – Overall Progress 
Past Month’s Achievements 

D. Engineering Design and Review 
 Continued working on station component design (e.g., Pressure Regulation, H2 Injection) 
 Continued working with  Worley Parsons for the development of the Engineering Design Guidelines for 100% 

H2 and blended pipelines 
 Hosted review sessions of Legacy EGD Engineering Manuals with multiple SMAs from Worley Parsons and 

EGI 
 Received first draft of recommended changes to EGI’s Engineering Manuals related to Hydrogen Blending and 

100% Hydrogen pipelines 
 Continued progressing the design of the blended pipeline (e.g., System Improvement, Drafting, 

Engineering, Permitting) 

E. Risk Assessment 
 Received first draft of the Risk Assessment Report and provided feedback to the Risk Team 

F. Engineering Assessment 
 Held strategy sessions within the Engineering Growth Team to design the Engineering Assessment content 
 Completed 60% of Engineering Assessment 

8 



  
        

 

 

 

 

 

 

  

     
     

                 
 

Power-to-Gas Phase 2 – EA Progress 
Graphical Representation of Progress to Date Based on Major Milestones 

89% 

50% 

13% 

0% 

2% 

Note 1: The EA full cycle represents 96 work days 
Note 2: The percentages in the chart represent the completion 

rate for each of the efforts highlighted in the legend below 

Completion of Internal Draft by Growth Team (67 work days) 
Preliminary Review by Growth Manager of all Streams (7 work days) 
Final Review by Growth Team (8 work days) 
Final Review and Issuance Post Comment Period (7 work days) 
Senior Management Review and Endorsement (7 work days) 



  

  

    
  

     

 

   
 

 

  

The Hydrogen Blending Opportunity 
Greening the Natural Gas Grid With Up to 2% Hydrogen 
Accomplishments 
– Drafting of Leave to Construct (LTC) underway. 

– Engineering assessment completed; recommends up to 2% Hydrogen blend by volume 
into a specific section of the natural gas grid. 

– Answers to questions from the Open Houses completed; final review by PAC prior to 
release. 

– Environmental Assessment (EA) completed 

Key Dates 
– LTC Filing: Late Q2- early Q3, 2019 
– OTC: April 2020 
– ISD: September 2020 



  

   

   

    

     

 

  

The Hydrogen Blending Opportunity 
Greening the Natural Gas Grid With Up to 2% Hydrogen 

Key Issues 
– Hydrogen has 1/3 the energy content of natural gas. 

– Blended hydrogen slightly increases the customer’s natural gas consumption. 

– Customer may not be readily accepting of hydrogen in their natural gas. 

– Strong opposition to blended hydrogen in gas may impact LTC filing to the OEB 

– Regulatory requires the cost the utility will purchase hydrogen from the JV Co. for to 
be included in the planned LTC filing 

– Limited space at the TOC to accommodate blending infrastructure and H2 Sale 
infrastructure 



  

   

  

     

    

  

 

   
  

  

The Hydrogen Blending Opportunity 
Greening the Natural Gas Grid With Up to 2% Hydrogen 

Challenges 

– Educating customers on the merits of blended hydrogen into the natural gas grid 

– Determine most effective means of acknowledging participating customers 

– Determination of a fair cost for selling hydrogen to the utility 

Next Steps 

– Undertake franchise market study to measure public perception and acceptance of hydrogen. 

– Continue work with Regulatory to complete the LTC. 

– Develop appropriate costing model with Finance, for cost of hydrogen 

– Coordinate with Hydrogenics to ensure hydrogen sale and  blending station can be 
accommodated at or near TOC 



 
 

                                     
                                                 

Power to Gas Project 
Hydrogen Blending Engineering Assessment Overview 

Mike Wagle, P.Eng. Mohamed Chebaro, P.Eng., PMP 
Chief Engineer Manager, Electrical, Controls and Energy Systems 



 

 
 

Agenda 

I. Engineering Program Strategy 
A. Methodology and Technical Approach 

II. Major Findings and Conclusions 
A. Research & Development 
B. Gas Distribution Network 
C. End-user Equipment 
D. Pipeline and Station Design 
E. Risk Assessment and Modelling 
F. Leak Detection and Appliance Testing 

III. Action Items 
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I. Engineering Program Strategy
Hydrogen Blending Program Roadmap 

1. HYREADY Project 
PM: Ramses Atilano 

Support: Stephanie Demakos 

2.  CGA/AGA Hydrogen Blending  Group 
PM: Ramses Atilano 

3a. EGD Blending Assessment (Upstream) 
PM: Desiree Gajonera 

Support: Stephanie Demakos 

3b. End-user Equipment Assessment 
PM: Steven Rogers 

Support: Stephanie Demakos 

4. 100% H2 and NG/H2 Blended Pipelines 
PM: Alexander Hadjis 

5. H2 Blending Station 
PM: Peter Soutar 
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I. A. Engineering Assessment
Methodology and Technical Approach 

Asset Specific 
Evaluation 

Research & 
Development 

(R&D) 

End-user 
Equipment 

Pipeline and 
Station Design 
for Hydrogen 

Blending 

Engineering/ 
Risk 

Assessment 

Practical starting 
point based on the 
acceptable ranges 
of H2 content 
(percentage by 
volume) in existing 
literature 

Identify all installed 
assets and their 
materials of 
construction and 
evaluate their H2 
compatibility 

Confirm material 
suitability through a 
field survey. 
Complete fuel 
interchangeability 
analysis. 
Modelling of indoor 
releases 

Define design 
requirements for 
the pure hydrogen/ 
blended gas 
pipeline, and 
blending station 

Recommend 
maximum 
percentage by 
volume hydrogen 
and provide list of 
action items to be 
completed for the 
safe and reliable 
distribution of 
blended gas 
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II. A. Research & Development
Key Findings 

CGA/AGA Task Force HYREADY Project 
• 13 organizations from US and Canada 

• Component by component review 

• The gas distribution grid may tolerate 
blending up to 5% H2 by vol. with 
noted exceptions 

• Recommends site-specific 
assessment for each blending network 

• Global consortium of organizations 
from Europe and North America 

• Group general components and 
assigned maximum % by vol. H2 for 
each 

• High level operational considerations 
– effects on metering, leak detection, 
regulation, etc. 
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II. B. Network Hydrogen Tolerance
Injection Optimization 

Loops S1 
•~3,600 customers 

Loop S1A 
•~6,700 customers 

Loop S1B 
•~6,000 customers 

Proposed NPS 8 and 6 PE IP for blended gas 
Proposed NPS 6 XHP ST for natural gas 

Q1 2018 

Divided Markham loop into 3 

Examined 8 macro-loops  (GTA ) 

Q4 2017- Q1 2018 
Q2 2018 

Produced optimal pipeline blending design 
S1 

S1A 
S1B 

Q3 2018 

Refined design to reduce costs, system 
pressure and required modification 

Q1 2019 
Proposed additional routes to meet 

regulatory and environmental 
requirements 
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II. B. Network Hydrogen Tolerance
Distribution System Assessment 

S1 S1A S1B 
Ultrasonic 0 31 43 
Rotary 9 37 55 
Diaphragm 3619 6655 5810 
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Meter types 

99.9% 98.3% 77.7% 

0.1% 1.7% 22.3% 

S1 S1A S1B 

Length of Mains by Material 

PLASTIC STEEL 

99.9% 94.0% 92.6% 

0.1% 6.0% 3.2% 
4.2% 

S1 S1A S1B 

Number of Services by Material 
PLASTIC STEEL COPPER 
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Service regulator manufacturers 

Bryan Donkin 

Itron (Actaris/ Sprauge/ Schlumberger) 

Fisher 

Existing pipe and tubing are compatible with up to 10% by
volume hydrogen; the limits for each material type are: 
• 25% by volume hydrogen for steel pipe for mains, services 

and stations 
• 10% by volume hydrogen for steel pipe and nipples in 

customer meter sets 
• 45 by volume hydrogen for plastic mains and services 
• 30% by volume hydrogen for copper services and risers 

Existing regulators are 
compatible with up to 5% by

volume hydrogen 

Existing meters are 
compatible with up to 5% by

volume hydrogen 
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II. C. End-user Equipment Assessment 
Two Approaches 

1. FIELD SURVEY + ANALYSIS 

N
um

be
r o

f H
ou

se
ho

ld
s 
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Number of appliances 
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100 

50 

0 
0 2 4 6 8 10 12 14 16 18 20 

Appliance age 

Maximum 5% by volume hydrogen based on an appliance-by-
appliance check (limited by fireplaces) 

Maximum 2% by volume hydrogen based on interchangeability 
analysis – the limiting factor is the risk of burner overheating in 
partially premixed domestic appliances, which is exacerbated at
high levels of hydrogen. 

2. INTERCHANGEABILITY ANALYSIS 
52 
51 
50 
49 
48 
47 

Realized Wobbe Wmin,dist Wmax,distr 46 Wmin,spec Wmax,spec 
45W

ob
be

 N
um

be
r (

M
J/

m
3 ) 

Appliance type C
O

2

C
O

N
O

x Flame 
temp 

Temp 
combustion 

chamber 

Lambda 
(air to fuel 

ratio) 
Flame 
speed 

Residential (no 
retrofit) ↓ ↓ ↓ ↑ ↓ ↑ ↑ 

Engines (no 
retrofit) ↓ ↓ ↑ ↑ ↓ ↑ ↑ 

Industrial 
(retrofit) ↓ ↓ ↑ ↑ = = ↑ 

Industrial (not 
retrofitted)* ↓ ↓ ↓** ↑ ↓ ↑ ↑ 

Turbines 
(retrofit) ↓ ↓ ↑ ↑ = = ↑ 

8 



     
 

 

II. D. Pipeline and Station Design
Preliminary Design for Blending 

Site Plan NG Station 

Hydrogen Blending Compound at TOC 

H2 Injection 
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II. E. Risk Assessment 
Methodology and Modelling 

10 

Outdoor Dispersion Modelling Indoor Release Modelling 

Varied parameters: H₂ Concentration (0%, 2%, 5%, 
10%), leak size, source pressure, forced ventilation 
vs. natural ventilation, room size 

In the event of an indoor release, 
parameters other than hydrogen 
concentration (i.e., leak size, pressure, 
etc.) have a larger effect on the time to 
reach LEL. 

Methodology 

In general, risk will remain similar or in the 
same region of risk tolerance, although it will 
increase with the addition of hydrogen depending 
on the type of risk and its inputs. 

In the event of an outdoor release, 
the increase in the distance to LEL 
changes marginally at 2% by volume 
hydrogen. 

For end-users, the risk increases with the addition of hydrogen, and the best estimate for
the increases are (Phillips, 2019): 

Individual risk increases by 18.9% Societal risk increases by 13.2% 

Hazard Identification 
Sessions: 
- H2/NG Mixtures 
- Customer Assets 
- Station Assets 
- Pipeline Assets 

- Consequence 
Modelling 

- Computational Fluid 
Dynamics (indoor) 

- Dispersion 
modelling (outdoor) 

Quantitative Risk 
Analysis (QRA) 

Engineering 
Assessment (EA) 



  

   

   

 

 
    

    

 

   

   

  

II. F. Leak Detection and Appliance Testing
General Observations 

Leak detection equipment using electrochemical 
sensors can have a cross sensitivity for hydrogen; this 
needs to be validated against operational procedures, 
also addressed through training 

0% by volume hydrogen 2% by volume hydrogen 

5% by volume hydrogen 10% by volume hydrogen 

Gas Range Test Results Fireplace Test Results 

11 

0% by volume hydrogen 2% by volume hydrogen 

5% by volume hydrogen 10% by volume hydrogen 



 
 

 
 

 

 

 

Conclusions 
Safety, Integrity and Operations 

• Loop S1 and subsequently Loops S1A and S1B were found to be 
appropriate networks for blending up to 2.0% by volume hydrogen. 

• Completing the entire scope of work is advantageous because 
Loops S1A and S1B are more representative of the overall Legacy 
EGD distribution network, considering the vintage and 
corresponding materials of construction. 

• The above conclusion applies, provided that the Engineering action 
items are successfully implemented prior to blending initiation. 
Minimal modifications would be required to safely and reliably inject 
the recommended hydrogen concentration in the selected loops. 
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III. Action Items – Pre-Blending
Safety, Integrity and Operations 

1. Develop and deliver training packages for blended natural gas for 
first responders; create new procedures for: 

a. Emergency Procedures Manual 
b. Leak detection cross-sensitivity 
c. Blending Station and Hydrogen Assets –Commissioning, Operation, 

Maintenance, Gas Control 
d. Energization procedure for the initial introduction of blended gas 

2. Perform a FMEA on the Blending Station as part of detailed design 
3. Seek formal clarification on the applicability of O. Reg 210/01 and 

FS 238-18 from the TSSA (in progress) 
4. Increase the frequency of leak surveys in the first 5 years of 

blending 13 



 

 
    

 
  

   

III. Action Items – Pre-Blending
Safety, Integrity and Operations 

5. Create processes to capture: 
a. Addition of sensitive customers to the network 
b. Network modifications resulting in blended gas being fed to areas that 

were out of scope for this assessment 
c. Addition of CNG stations or Vehicle Refueling Appliances 
d. Assessment of material faults within the closed loop(s) within the context 

of hydrogen blending 
e. Any impacts on billing due to increased volumetric usage 
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III. Action Items – Post-blending
Safety, Integrity and Operations 

1. Integrity monitoring of the blended network: 
a. Monitor the leak frequency of the blended gas networks and compare to 

expected leak rates for natural gas networks 
b. Perform and track leak surveys on Amp and Chicago fittings to quantify

any operational impact and accelerate replacement if required 
2. Track the hydrogen production and consumption profile for future 

evaluation 
3. Seek formal clarification on EGI meter shop’s ability to certify meters 

that are intended for blended gas 
4. Conduct additional testing for added conservatism on: 

a. Valve and regulator bypass 
b. Appliance safety devices (thermopiles/thermocouples) 
c. NOx emissions from appliances 

15 



   
     

    

Q&A 
Engineering Hydrogen Blending Team: 
Ramses Atilano, Steven Rogers, Desiree Gajonera, Alexander Hadjis, Peter 
Soutar, Stephanie Demakos 

Many others from across EGI contributed to the success of this 
Program. 



   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

  
 

 
 

      
  

    
   

 
 
 

 
 

     
   

      
 
       

      
   

 
 
 
 
 
 
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.SEC.2 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Exhibit A/Tab 2/Schedule 1, p. 5; Ex. B/1/1, p. 9 

Question: 

Please confirm that, at the end of the pilot Project, all intellectual property arising out of 
the project will be owned by the Applicant as utility assets, held for the benefit of the 
customers of the Applicant.  If not confirmed, please provide a detailed explanation of 
the anticipated ownership and future exploitation of intellectual property arising out of 
the Project. 

Response: 

Enbridge Gas confirms that intellectual property developed through the LCEP pilot 
project relating to hydrogen blending for gas distribution systems will be owned by the 
Applicant as utility assets. Enbridge Gas does not confirm that utility assets are held for 
the benefit of ratepayers.  Enbridge Gas does acknowledge, however, that the Board 
may find it appropriate for ratepayers to share in future financial proceeds arising from 
future use of intellectual property developed by Enbridge Gas through the LCEP pilot 
project relating to hydrogen blending for gas distribution systems.  



   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

 
 

 
 

    
  

  
 
 

 
 

  
 
 
 
 
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.SEC.3 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 2 

Question: 

Please provide details as to what steps are required, whether by the Board or 
otherwise, to cause the TSSA to do a technical review of the Project.  Please describe 
what review is proposed or required. 

Response: 

Please refer to Exhibit I.CCC.7. 



   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

 
 

 
 

 
    

   
    

 
 

 
 

   
    

 

 
 

 
 
 
 
 
 
 
 
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.SEC.4 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 2 

Question: 

Please provide a detailed list of all grants, loans, or other government assistance, and 
all tax credits or accelerated tax deductions or other tax benefits, expected to arise as a 
result of the Project.  In each case, please identify what entity will benefit from those 
amounts, and in the case of the Applicant how it will account for them. 

Response: 

The only source of additional funding for the Project is the grant funding described at 
Exhibit B, Tab 1, Schedule 1, Page 16 under the section “Project Costs”. 

Enbridge Gas’s standard accounting practices will be applied to the Project and will take 
into account all applicable tax deductions including accelerated CCA rates in reference 
to Bill C-97. 
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EB-2019-0294 

Exhibit I.SEC.5 
Page 1 of 2 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 3, 17, and Attach.1, p. 2 

Question: 

SEC is trying to reconcile the tons of carbon dioxide equivalent and natural gas 
displaced as set forth in the Application.  To assist: 

a. Please confirm that the estimate of 2433 m3 of blended gas per residential 
customer using 2400 m3 of natural gas implies that the blended gas for that 
residential customer will be 50 m3 hydrogen and 2383 m3 natural gas, and 
that 16.67 m3 of natural gas will be displaced for each such customer 
annually. 

b. Please confirm that the Applicant is assuming 0.512 kg/m3 of carbon, 
consistent with EPA standards.  If this is not the case, please provide the 
conversion the Applicant is assuming. 

c. Please provide the Applicant’s full calculations to get to the figures of 97 tons 
and 120 tons of CO2 equivalent. 

Response: 

a) This response assumes that an average customer within the BGA consumes 2,400 
m3 annually.  For residential customers in the BGA consuming this amount of 
traditional natural gas annually, Enbridge Gas estimates that residential customers 
will consume on average 2,433 m3 of blended gas.  Of the 2,433 m3 of blended gas 
consumed on an annual basis, 2,384 m3 of this gas is natural gas and 49 m3 is 
hydrogen gas and 16m3 of natural gas per customer will be displaced. 

b) Not confirmed. Enbridge Gas has used the emission factor of 0.001874 t CO2e/m3 

(or 1.874 kg CO2e/m3) for natural gas.  This value is taken from the Ontario Ministry 
of Environment, Conservation and Parks “Guideline for Quantification, Reporting and 
Verification of Greenhouse Gas Emissions”, April 2019. This value is representative 
of the emissions from natural gas in Ontario. 
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Exhibit I.SEC.5 
Page 2 of 2 

c) Please refer to Exhibit I.STAFF.1. 
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Exhibit I.SEC.6 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 3 

Question: 

Please confirm that the Applicant intends that the annual rate rider in the BGA will 
continue as long as the customers are receiving blended gas, or until the Board orders 
otherwise.  If not confirmed, please explain the circumstances in which the rider would 
terminate while the additional volumes are still being delivered and billed. 

Response: 

Confirmed. The annual rate rider applicable to the BGA will continue as long as the 
customers are receiving blended gas, or until the Board orders otherwise. 
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Exhibit I.SEC.7 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 5 

Question: 

Please provide the following with respect to the Affiliate, 2562961 Ontario Ltd.: 

a. Its most recent financial statements. 

b. Its most recent business plan and/or financial forecasts. 

c. Details of the ownership, governance and voting structure. 

d. Any existing shareholders agreement or similar document. 

Response: 

Please see Exhibit I.CCC.11 for details of the ownership of 2562961 Ontario Ltd. 

Please see Exhibits I.CCC.2 and I.CCC.10 for copies of agreements between 2562961 
Ontario Ltd. and Enbridge Gas. 

The other information requested in this interrogatory is not relevant. 

https://I.CCC.10
https://I.CCC.11
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Exhibit I.SEC.8 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 5, 18 

Question: 

Please provide any agreements, memoranda of agreement, or letters of intent between 
the Applicant and the Affiliate with respect to the Project.  Without limiting the generality 
of the foregoing, please provide details of how the Applicant will ensure security of 
supply of hydrogen given the IESO control of hydrogen production. 

Response: 

Please see Exhibit I.SEC.7. For the second part of this question please refer to 
Exhibit I.FRPO.4. 
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Exhibit I.SEC.9 
Page 1 of 1 

Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 6, 8 

Question: 

Please provide any agreements, memoranda of agreement, or letters of intent between 
the IESO and the Affiliate with respect to the regulation service and/or the production of 
hydrogen by the Affiliate. 

Response: 

Attached is a redacted copy of the agreement governing the provision of service from 
2569261 Ontario Ltd. to the IESO. The redactions reflect confidential information that 
the parties to the agreement are not prepared to have publicly disclosed. 
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Exhibit I.SEC.10 
Page 1 of 1 

Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 16 

Question: 

Please provide a copy of the Applicant’s application to SDTC for the grant funding, 
including all attachments. 

Response: 

The application for funding to the SDTC related to funding for the Power to Gas project 
and was submitted by Hydrogenics Inc. Enbridge Gas is not party to the agreement with 
the SDTC concerning the funding of the Power to Gas project. The SDTC’s contribution 
toward the hydrogen blending portion of the Power to Gas Project is to be conveyed to 
EGI as per the terms of a letter agreement between Enbridge Gas and 2562961 Ontario 
Limited, a copy of which is attached to this response. 

https://I.SEC.10
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Exhibit I.SEC.11 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1, p. 17 

Question: 

Please confirm that only residential customers will be served by blended gas.  If not 
confirmed, please advise how the annual rate rider will be adjusted for non-residential 
customers to reflect their higher volumetric differential due to the blended gas. 

Response: 

There are a small number of Rate 6 customers in the BGA, 20 as of June 2020. 
Enbridge Gas will adjust the annual rate rider to accommodate for the higher gas 
demands of these customers. 

Based on January 2020 QRAM rates, a typical Rate 6 customer in the BGA consuming 
22,606 m3 per year of traditional natural gas would have to consume approximately 
22,918 m3 of blended gas. This equates to a typical Rate 6 customer in the BGA paying 
approximately $76.77 more per year than a non-BGA customer based on the higher 
volume of blended gas that would be consumed. 

Similar to the rate rider treatment for Rate 1 customers, Enbridge Gas is proposing to 
provide an annual rate rider of $86.00 for Rate 6 customers in the BGA. 

https://I.SEC.11
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Exhibit I.SEC.12 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1/Attach 1, p. 12; Ex. C/1/1, p. 3 

Question: 

Please confirm that the Applicant is seeking approval for Phase 1 of the Project, 
comprising Loop S1, and that Phase 2 of the Project, comprising Loops S1A and S1B, 
is not a subject for this Application. If not confirmed, please explain in more detail the 
phases and the approvals.  In either case, please provide details on the schedule for 
Phases 1 and 2. 

Response: 

Confirmed. Enbridge Gas is currently seeking approval via the current filing for Phase 1 
of the Project comprised of Loop S1. 

Please see Exhibit I.VECC.9 for discussion of conditions that will be required before 
Phase 2 proceeds. 

https://I.SEC.12
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Exhibit I.SEC.13 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. B/1/1/Attach 1, p. 15 

Question: 

Please provide a copy of the “consultant report on gas interchangeability”. 

Response: 

Please refer to Exhibit I.H2GO.1. 

https://I.SEC.13


   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

 
 

 
 

  
   

   
 

 
 

 
 

  
 
 
 
 
 
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.SEC.14 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. D/1/1, p. 12 

Question: 

Please provide details of the scheduling requirements (e.g. order lead times, 
subsequent approvals, contracting process, etc.) from November 2020 to April 2021 
that require the Applicant to have OEB approval by November 2020 in order to start 
construction in April. 

Response: 

Please refer to Exhibit I.CCC.4. 

https://I.SEC.14
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Exhibit I.SEC.15 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. D/1/1, p. 12 

Question: 

Please confirm that “Completion of Reinstatement” means returning the system to its 
pre-Project state in December 2021.  If confirmed, please confirm that it is not expected 
that the assets included in the Project will be in rate base at the time of the next 
rebasing.  Please provide a detailed explanation of the rate base impacts expected in 
each year from 2020 to 2024 for all Project costs, including any planned Phase 2 costs. 

Response: 

“Completion of Reinstatement” means restoring the land in accordance with the OEB’s 
Decision and Order in EB-2019-0294. 

Please refer to Exhibit I.CCC.17(e) for discussion of the impacts during the deferred 
rebasing term, and at rebasing. 

https://I.SEC.15
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Exhibit I.SEC.16 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

School Energy Coalition (SEC) 

INTERROGATORY 

Reference: 

Ex. D/1/1, p. 13 

Question: 

Please confirm that all of the listed costs are capital costs, and will be added to rate 
base in 2021. 

Response: 

Confirmed. All listed costs are capital costs. 

Please refer to Exhibit I.CCC.17(e) regarding impact to rate base. 

https://I.SEC.16
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EB-2019-0294 

Exhibit I.STAFF.1 
Page 1 of 2 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 3 

Preamble: 

In Enbridge Gas’ initial application1, the estimated number of customers in the BGA was 
3,600 and the estimated GHG reductions was 98-117 tCO2e per year. In Enbridge Gas’ 
revised application (Application)2, the estimated number of customers in the BGA is 
3,600 and the estimated GHG reductions is 97-120 tCO2e per year. 

Question: 

a) Please explain why there is a change in the estimated GHG reductions. 
b) What is Enbridge Gas’ most current estimate of the GHG reductions? 

Response: 

a) A range of GHG reductions was provided because the actual amount of GHG 
reductions will vary in large part on how much gas is consumed by customers within 
the BGA and the number of customers within the BGA. The range provided is based 
on the lowest and highest residential average use (i.e. a warm year and a cold year) 
for customers within the BGA for the period 2010 to 2018. In the initial application, 
the warm year or lower end of the range was developed based on data for 2016 with 
an average use of 2,153 m3 and 3,638 residential customers. The cold year or upper 
end of the range was developed based on data for 2014 with an average use of 
2,671 m3 and 3,509 residential customers. In the updated application Enbridge Gas 
assumed a constant customer count of 3,600 residential customers when calculating 
the range of GHG emission reductions. The effect of using 3,600 customers to 
normalize the GHG emission reduction calculations was to increase the upper end of 
the range provided and to lower the lower end of the range provided. The 
calculations underpinning the GHG emission reduction range of 97-120 tCO2e are 
provided in the table below. 

1 Filed December 20, 2019 
2 Filed March 31, 2020 
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EB-2019-0294 

Exhibit I.STAFF.1 
Page 2 of 2 

(a) (b) = (a) x (j) (c) = (b) / (m) (d) = (c) * (l) (e) = (c) - (d) (f) = (a) * (n) (g) = (e) * (n) (h) = (f) - (g) (i) = (h) * (o) 

Scenario 
Average Customer Usage 

(m3) 
Average Customer Energy 

Input (MJ) 
Blended Gas Volumetric 

Consumption (m3) 
Volume of Hydrogen in 

Blended Gas (m3) 
Volume of Methane in 

Blended Gas (m3) 
GHG From Traditional 

Natural Gas (tCO2e) 
GHG From Blended Gas 

(tCO2e) 
GHG Reductions per 

customer (tCO2e) 
Total GHG Reductions 

(tCO2e) 
Average 2,400 92,472 2,433 49 2,384 4.50 4.47 0.03 108 
Maximum 2,671 102,914 2,707 54 2,653 5.01 4.97 0.03 120 
Minimum 2,153 82,955 2,182 44 2,139 4.03 4.01 0.03 97 

Assumptions: 
(j) Higher Heating Value of Natural Gas (MJ/m3) 38.5 
(k) Higher Heating Value of Hydrogen Gas (MJ/m3) 12.7 
(l) Amount of Hydrogen (% by volume) 2 

(m) = (k)*(l) + (1-(l))*(j) 
Higher Heating Value of the Blended Gas (MJ/m3) 38.01 
(n) Emission Factor (tCO2e/m3) 0.001874 
(o) Number of Customers 3,600 

b) Enbridge Gas’s most current estimate of the range of GHG emission reductions is 
the range provided in the updated application, that is GHG emission reductions of 
97-120 tCO2e per year. 
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Exhibit I.STAFF.2 
Page 1 of 6 

Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, pages 3-10 and 18 

Preamble: 

Enbridge Gas is applying for approval of a rate rider (credit) to compensate customers 
in the BGA for the additional extra costs associated with the increase in volumetric 
requirements for blended gas as compared to conventional natural gas (Consumption 
Impact). Enbridge Gas says that this treatment would apply until rebasing or until such 
earlier time that a different treatment is appropriate based on future developments; for 
example, the implementation of a Federal Clean Fuel Standard (CFS). Enbridge Gas’ 
next rebasing is in 2024. 

Enbridge Gas says that its affiliate, 2562961 Ontario Ltd., has developed and built North 
America’s first utility scale PtG facility in Markham, Ontario. It is located at Enbridge 
Gas’ Technology and Operations Centre (TOC) in Markham. The PtG facility was 
developed in partnership with Hydrogenics Corporation. Hydrogenics Corporation is part 
owner of 2562961 Ontario Ltd. 

Enbridge Gas is proposing to acquire hydrogen from 2562961 Ontario Ltd. in a manner 
that keeps ratepayers cost-neutral. Enbridge Gas is proposing to recover the cost of 
procuring hydrogen from all customers in the legacy EGDI rate zone until rebasing after 
which time the cost would be recovered from all customers, or until such earlier time 
that a different treatment is appropriate based on future developments (e.g., the 
implementation of the CFS). 

Enbridge Gas says the CFS will be a performance-based approach designed to incent 
the innovation and adoption of clean technologies in the oil and gas sector and the 
development and use of low-carbon fuels throughout the economy. The gaseous and 
solid fuel regulations were scheduled to be published in early 2020 and to come into 
force on January 1, 20233. However, the Government of Canada announced in April 
2020 that publication of the regulations will be delayed to the fall of 2020 due to COVID-

3 https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-
production/fuel-regulations/clean-fuel-standard/regulatory-approach.html#toc48 

https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/clean-fuel-standard/regulatory-approach.html#toc48
https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/clean-fuel-standard/regulatory-approach.html#toc48
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Exhibit I.STAFF.2 
Page 2 of 6 

Plus Attachment 

194. Under the CFS, hydrogen is expected to be a means of compliance and a pathway 
for the generation of CFS credits. 

Question: 

a) Based on the best information available to date, please identify and explain any 
alternate treatments that may be available to address the Consumption Impact at 
rebasing and as a result of the CFS. 

b) Based on the best information available to date, please identify and explain any 
alternate treatments that may be available for the procurement of hydrogen at 
rebasing and as a result of the CFS. 

c) Please explain the rationale for why the cost to procure hydrogen should initially be 
recovered from all rate payers in the EGDI rate zone and then all Enbridge Gas rate 
payers after rebasing in 2024. 

d) Please explain what is meant by “cost neutral”. For example, does it mean that the 
commodity cost of the hydrogen will be the same as the commodity cost of natural 
gas? Or, does it mean that the commodity cost of the hydrogen will be that same as 
the landed cost of natural gas (i.e., inclusive of commodity, transportation and 
storage costs)? 

e) Will the procurement of hydrogen continue to be cost neutral after rebasing? Please 
explain. 

f) OEB staff would like to compare the relative local costs of natural gas and hydrogen. 
Please provide the following information. Or, if the requested information does not 
provide for a good comparison, please provide more suitable information. 

i. Please provide the current commodity cost of natural gas for a residential 
customer in Markham, Ontario, in $/GJ. 

ii. Disregarding the proposed cost-neutrality arrangement mentioned above, 
please provide the current commodity cost of hydrogen in Markham, 
Ontario, from 2562961 Ontario Ltd. in $/GJ. 

g) Please discuss the implications of the cost-neutral arrangement with respect to the 
Affiliate Relationship Code. 

h) Based on the best information available to date, how does Enbridge Gas believe that 
the CFS credit system will work? In the response, please include an explanation for 
how Enbridge Gas would use CFS credits, and how that use may benefit its 
ratepayers. 

4 https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-
regulations/clean-fuel-standard.html 

https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/clean-fuel-standard.html
https://www.canada.ca/en/environment-climate-change/services/managing-pollution/energy-production/fuel-regulations/clean-fuel-standard.html
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i) Will the delayed publication of proposed regulations for the liquid fuel class of the 
CFS until fall 2020 impact the timing of the Project? 

Response: 

a) Enbridge Gas does not have enough information about the CFS compliance 
requirements to be in a position to indicate whether an alternate treatment of 
consumption impact might be appropriate in the future.  More generally, if the 
delivery of blended gas including hydrogen to Enbridge Gas customers becomes a 
more wide-spread activity and numerous Blended Gas Areas become established in 
the future, Enbridge Gas may consider customer billing of some or all customers on 
a GJ of heat consumed basis, rather than volumetrically based billings. This might 
require metering changes. As a further alternative, if delivery of blended gas 
including hydrogen becomes more widespread, Enbridge Gas could consider 
discontinuing the consumption impact Rider.  Note that none of these alternatives 
are being proposed in this proceeding, and that Enbridge Gas would seek OEB 
approval before implementation of any alternative. 

b) Enbridge Gas anticipates that the establishment of a CFS and demonstrated 
success of this pilot Project may encourage development of additional Ontario 
sources of hydrogen that would be appropriate for hydrogen blending.  Enbridge 
Gas will monitor the marketplace, and consider alternative sources for hydrogen for 
future Blended Gas Areas. 

c) Customers located within the BGA are within Enbridge Gas’ EGD rate zone. 
Enbridge Gas is proposing that the cost of the hydrogen commodity procured for the 
BGA during the hydrogen blending pilot program should be recovered from the EGD 
rate zone in the same manner as the cost of traditional natural gas supply procured 
for the EGD rate zone. Note that the cost of hydrogen procured for the Project is 
expected to be the same as the cost of conventional natural gas – please see 
response to part (d) and part (f) below. 

At this time Enbridge Gas has not made a proposal for how the commodity impact of 
the cost of hydrogen will be recovered after rebasing.  Depending on the final design 
of future carbon pricing programs that may be implemented prior to rebasing in 
2024, such as the CFS, it may be appropriate to treat the cost of hydrogen differently 
than the cost of traditional natural gas. For example, if the purchase of hydrogen for 
injection in Enbridge Gas’ distribution system were to provide benefits under a future 
CFS program to all Enbridge Gas customers, it may be appropriate for all customers 
to share in the cost of the hydrogen. 
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d) For the duration of the pilot Program, Enbridge Gas has arranged to procure 
hydrogen from 2562961 Ontario Ltd. at the same price per GJ as the traditional 
natural gas commodity that will be displaced. The small amount of hydrogen 
purchased by Enbridge Gas will displace traditional natural gas supply that would 
otherwise have been purchased at Dawn and transported to the EGD rate zone. 
The price paid for hydrogen will not be inclusive of any upstream transportation or 
storage charges as those services will not be required for this supply. 

Therefore, there will be no “Commodity Impact” as defined in Exhibit B, Tab 1, 
Schedule 1, page 17 since Enbridge Gas is paying the same price for hydrogen as it 
would for traditional natural gas and ratepayers are therefore “cost-neutral.” 

The Term Sheet between Enbridge Gas and 2562961 Ontario Ltd. for hydrogen 
procurement for the Project is set out at Attachment 1 to this response. 

e) Please see response to part (c) and (d) above. 

f) 

i. Enbridge Gas does not believe the total gas supply commodity rate for a 
residential customer in Markham, Ontario is a relevant price to compare to the 
purchase price of hydrogen for the purposes of the pilot program.  This 
charge is a QRAM regulatory construct meant to recover the actual pass-
through costs of natural gas from customers; not a market price paid for 
commodity at a specific time and location. It incorporates a wide variety of 
functions including but not limited to a prospective forecast of natural gas 
prices over a 12 month period, a true-up of actual prices against forecast 
prices, a true-up of actual volumes against forecast volumes, an adjustment 
to the cost of gas in storage, and the cost of upstream transportation to bring 
gas from other markets into Ontario. Rather, Enbridge Gas proposes that the 
appropriate price to compare the cost of hydrogen to is the market price of the 
traditional natural gas that will be displaced (i.e. Dawn).  The Dawn Monthly 
Index settlement price for natural gas delivered to Dawn in the month of June 
2020 is $2.11 CAD per GJ. 

ii. See Exhibit I.ED.6 (a) and (g). 

g) The arrangement to purchase hydrogen from 2562961 Ontario Ltd. at the same price 
per GJ as the traditional natural gas commodity that will be displaced is compliant 
with the Affiliate Relationships Code.  The Affiliate Relationships Code requires that 
utilities pay no more than the market price for products purchased from an affiliate 
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and, in situations where a reasonably competitive market for the product does not 
exist, no more than the affiliate’s fully allocated cost to provide the product.5 For the 
purposes of the pilot Program, Enbridge Gas is purchasing hydrogen from 2562961 
Ontario Ltd. at a price that is significantly below the market price of hydrogen as well 
as 2562961 Ontario Ltd.’s fully allocated cost to provide the hydrogen. 

h) Based on the Clean Fuel Standard Proposed Regulatory Approach6, Enbridge Gas 
believes that the CFS credit system will work as follows: 

- The gaseous fuel sector will have a carbon intensity reduction target, 
expressed in grams of carbon dioxide equivalent (“CO2e”) per megajoule 
(gCO2e/MJ) that becomes increasingly stringent (lower) between 2023 to 
2030. 

- A gaseous fuel distributor will determine its CFS credit obligation by comparing 
the carbon intensity of the fuel it distributes to the annual carbon intensity 
reduction target. Where the carbon intensity of the distributed fuel is greater 
than the carbon intensity reduction target, the fuel will be in a deficit position. 
The fuel deficit (gCO2e/MJ) is then multiplied by the amount of fuel distributed 
(MJ) to determine the CFS credit obligation, expressed in tonnes CO2e 
(tCO2e). 

- A low carbon fuel will presumably have a carbon intensity lower than the 
annual carbon intensity reduction target and therefore be in a credit position. 
The fuel credit is then multiplied by the amount of low carbon fuel produced to 
determine the amount of CFS credits generated in tCO2e. 

- CFS credits are expected to be generated at the point of fuel production and 
attached to the low carbon fuel. The CFS credits are expected to remain 
attached to the fuel and sold under contract to the fuel distributor (note that the 
Term Sheet for sale of hydrogen from 2562961 Ontario Ltd. to Enbridge Gas 
does not address the sale or transfer of CFS credits – that is an item to be 
determined later when there is more information about the CFS framework). 
Once consumption of the low carbon fuel is confirmed, Enbridge Gas expects 
the CFS credit may be separated and then remitted to the Federal 
Government to fulfill the CFS compliance obligation. 

- Environmental and Climate Change Canada has proposed a 10% limit on the 
amount of CFS credits that can be obtained from other fuel streams to satisfy 
compliance obligations. Enbridge expects this restriction to limit compliance 
options and CFS credit availability to predominantly the production and use of 
low carbon fuels, such as RNG and hydrogen. 

Enbridge Gas anticipates that the Company will file an application with the Board to 

5 Affiliate Relationships Code for Gas Utilities, section 2.3.4 and section 2.3.9. 
6 Environment and Climate Change Canada, “Clean Fuel Standard Proposed Regulatory Approach”, June 

2019 
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recover the costs associated with meeting its obligations under CFS, similar to the 
applications filed previously for Cap and Trade and the Federal Carbon Pricing 
Program.  Enbridge Gas anticipates, pending Board approval, that the costs and any 
potential benefits associated with the CFS would accrue to the Company’s 
customers. 

i) The delay in the proposed regulations for the liquid fuel class of the CFS will not 
impact the timing of the LCEP. However, the delay in the publication of the final 
liquid fuel regulation until fall 2021 may reduce the amount of early action CFS 
credits the LCEP can produce. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 5 

Preamble: 

An Enbridge Gas affiliate, 2562961 Ontario Limited, is currently under contract with the 
Independent Electricity System Operator (IESO) for power grid stability and reliability 
services in the province. An electrolyzer owned by the affiliate uses surplus electricity to 
split water into hydrogen and oxygen. The hydrogen is stored and when there is a 
demand for electricity, a fuel cell converts the hydrogen into electricity for the grid. 

Question: 

a) Is the amount of hydrogen available to Enbridge Gas for hydrogen blending limited 
as a consequence of the contractual arrangements between 2562961 Ontario 
Limited and the IESO? 

b) Please explain what Enbridge Gas would do if it were unable to procure sufficient 
quantities of hydrogen to supply the BGA as planned? What impact could this have 
on such things as the duration of the Project and the amount of the rate rider? 

Response: 

a) Please see Exhibit I.FRPO.4 

b) Please see the response to a) above. In the event that hydrogen is not available for 
blending, Enbridge Gas will provide customers within the BGA with 100% traditional 
natural gas. In that circumstance, Enbridge Gas could make a request to the Board 
to discontinue the rate rider. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 16 

Preamble: 

Enbridge Gas is proposing to offset the Consumption Impact on customers within the 
BGA by way of an annual rate rider providing a credit of $9.00 per year. Based on 
October 2019 Quarterly Rate Adjustment Mechanism rates, a typical residential 
customer in the BGA consuming approximately 2,433 m3 per year would pay 
approximately $8.75 more each year than a non-BGA customer based on the slightly 
higher volumes consumed. 

Question: 

a) Please provide a flat file (e.g., Excel printout) that clearly demonstrates step-by-step 
how the approximate $8.75 rider was calculated. Please include any assumptions, 
conversions or other information needed to understand the calculation. 

b) Does the proposed rider account for Federal Carbon Charges5? Please explain. 

Response: 

a) This interrogatory refers to the bill impact from the previous filing from December 20, 
2019. That filing used October 2019 QRAM rates and resulted in a Consumption 
Impact of $8.75 per year to customers within the BGA.  The updated application, 
filed on March 31, 2020, indicated a Consumption Impact of $8.99 per year to 
customers within the BGA. January 2020 QRAM rates were used for the derivation 
of this Consumption Impact. Enbridge Gas would also note that the proposed rate 
rider is an annual rate rider of $10 per customer within the BGA and not $8.75 as 
indicated above. What follows describes the derivation of the $8.99 Consumption 
Impact. 

The residential customer volume profiles for a typical customer or non-BGA 

5 EB-2018-0205, Enbridge Gas Inc., 2019 Federal Carbon Pricing Program Application 
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customer (2,400 m3) and for BGA customers (2,433 m3) as well as the same set of 
the Board-approved rates from the January 2020 QRAM are used to derive the 
typical bills. The volume profile for BGA customers is derived by increasing the 
monthly volume for non-BGA customer by 1.38%, resulting in the annual volume 
variance of 33 m3 as shown in the table on the next page. The table below also 
shows the breakdown of annual bill for BGA customer and non-BGA customer and 
Column (A) and Column (B) respectively. 

The typical residential bills for BGA and non-BGA customers are derived using the 
same methodology as the typical customer bill calculations for the QRAMs. The 
monthly charge includes Rider K (Bill 32 and Ontario Regulation 24/19). 

The Distribution Charge is the sum of Delivery Charge and Facility Carbon Charge. 
For delivery charge, the monthly volume is broken down into different delivery blocks 
and multiplied by the unit rate for that block. The sum of all blocks and months 
equals the total delivery charge. The Facility Carbon Charge is calculated as the 
Facility Carbon unit rate multiplied by volume. The derivation of Load Balancing 
Charge, Gas Supply Charge and Federal Carbon and Facility Carbon Charges is the 
unit rate multiplied by volume. 

The last column in the table shows the variances between Table 2 and Table 3, 
broken down by component.  The total annual bill impact is approximately $8.99. 

Annual Residential Bill 

(A) BGA Customer  vs  (B) Non-BGA Customer 

(A) (B) CHANGE 
(A) - (B) 

VOLUME m³ 2,433 2,400 0 

CUSTOMER CHG. $ 257.75 257.75 0.00 
DISTRIBUTION CHG. $ 211.96 209.20 2.76 
LOAD BALANCING §  $ 136.19 134.33 1.86 
SALES COMMDTY $ 227.45 224.37 3.08 
FEDERAL CARBON CHARGE $ 95.13 93.84 1.29 

TOTAL SALES $ 928.48 919.48 8.99 

§ The Load Balancing Charge shown here includes proposed transportation charges. 
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b) The proposed rider accounts for the Federal Carbon Charges as explained in a). 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 8 

Preamble: 

Enbridge Gas says that in order to complete the analysis and investigation work for 
hydrogen blending, several consultants were engaged. One was a consultant 
experienced with town-gas applications, and another was a global consulting firm 
specializing in risk management. 

Question: 

a) Please provide the name of the consultant experienced with town-gas applications. 
Please provide a curriculum vitae for each of the key employees from this 
consultancy that were accountable for the work performed in respect of the Project. 

b) Please provide the name of the global consulting firm. Please provide a curriculum 
vitae for each of the key employees from this consultancy that were accountable for 
the work performed in respect of the Project. 

Response: 

a) The name of the consultant experienced with town-gas applications is DBI-GUT 
(Liepzig, Germany). Attachment 1 to this response sets out the curriculum vitae 
requested. 

b) The name of the global consulting firm is DNV-GL (Calgary, Canada; Loughborough, 
UK; and Groningen, Netherlands). Attachment 2 to this response sets out the 
curriculum vitae requested. 
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CURRICULUM VITAE – PHILIPP PIETSCH 

Primary contact person/ project lead: Philipp Pietsch 

Telephone: 

Email: 

Qualification: 

Position: 

Experience: 

Years for proponent: 

Similar projects: 

STAFF: 

Marco Henel: 

Qualification: 

Position: 

Experience: 

Werner Vieweg 

Qualification: 

Position: 

Experience: 

(+49) 3731-4195 352 

philipp.pietsch@dbi-gruppe.de 

Graduate engineer (Dipl.-Ing.), Technical 
UniversityDresden, Germany 

Scientific specialization: Power Engineering, Combustion, 
energy management 
Team Leader 

Project lead of several large-scale project 

Team Leader since 
2017 Previous 
employer: Siemens 
AG 
Since 2015 

lead or participation in the projects 1, 2, 3, 4, 5, 6, 7 
(please see project experience) 

Graduate engineer, HTWK Leipzig, Germany 

Team Leader Power-to-Gas 

Large scale Power-to-Gas in Germany and Europe 

Graduate engineer (Dipl.-Ing.), TU Bergakademie 
Freiberg, Germany Power Generation, Combustion 
project engineer 

Project lead of several large-

mailto:philipp.pietsch@dbi-gruppe.de


 
 

 
 

   
 

 

 
 

 

 
 

   
  

  

   

 

 
 

 

  

   
 

  
  

 
   

  
  

  
 

 

   

 

  

   
 
 

 
 

Frank Erler 

Qualification: 

Position 

Experience: 

Dr.-Ing. Jürgen Koppe: 

Qualification: 

Position: 

Experience: 

Michael Kühn: 

Qualification: 

Position: 

Experience: 
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scale project Expert for gas 
and gas pressure controlling 
Expert for usage of special 
gases 

Graduate engineer (Dipl.-Ing.), TU Bergakademie 
Freiberg, Germany Combustion, Gas appliances 
Project engineer 

Expert on gas appliances 

Head of CHP-
demonstration centre 
Testing and monitoring of 
gas appliances 

Graduate engineer, doctoral degree (Dr.-Ing.) TU 
Bergakademie Freiberg, Germany; Power 
Engineering, energy management 
Project engineer 

Energy carrier changes from 1990-1995 (city gas to 
natural gas) and since 2016 (lower to higher calorific 
natural gas) 
Energy market studies 

Graduate engineer, TU Bergakademie Freiberg, Germany 

Process Engineering 

Project engineer 

Feed stock plants, gas process engineering 
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Chris Schaaf: 

Qualification: Graduate engineer, TU 
Bergakademie Freiberg 
Mechanical Engineering 

Position: Project engineer 

Experience: Influence of hydrogen on gas engines 

Dr.-Ing. Stefan Anger: 

Qualification: Graduate engineer, doctoral degree, TU 
Bergakademie Freiberg, Germany 
Process Engineering 

Position: Team Leader hydrogen process engineering 

Experience: Hydrogen reforming, hydrogen process engineering 
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APPENDIX B: CURRICULA VITAE 

The following CVs are included: 

Name 
Howard Levinsky 
Sander Gersen 
Martijn van Essen 
Berthil Slim 
Andrew Phillips 
Clive Robinson 
Mike Acton 
Akvilina Valaityte 
Saul Algar 
Jake Abes 

DNV GL  – Doc. No. OGNL.162492, Date of issue: 2018-03-23  – www.dnvgl.com Page I 

www.dnvgl.com
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Table 2, page 11 

Preamble: 

Enbridge Gas provided a table that summarizes the initial criteria for the selection of 
closed loop systems for use as BGAs. One criteria is pipeline material. Enbridge Gas 
states that some carbon steel pipes and welds might be affected by the presence of 
hydrogen, under certain conditions, and that plastic pipelines could exhibit fewer issues 
with regards to hydrogen. Enbridge Gas also states that it is known that turbines, 
compressed natural gas (CNG) tanks and some other sensitive equipment are not 
compatible with low levels of hydrogen. 

Question: 

a) Please explain what effect(s) hydrogen has on carbon steel pipes and welds? 
Besides limiting the concentration of hydrogen, are there any other actions that 
Enbridge Gas can take to mitigate these effects? Please explain. 

b) How much more permeable are plastic pipe and fittings to hydrogen that steel? 
Could any difference in permeability result in a change to the operational 
effectiveness of steel or plastic pipe and fittings in terms of leaks or other factors? 
Please explain. 

c) In addition to turbines and CNG tanks, what other types of equipment are not well 
suited to blended gas? Is avoidance the only means of mitigation? 

d) How would blended gas affect large volume consumers who use natural gas for 
process load or as a feedstock? For example, fertilizer manufacturers. 

Response: 

a) The addition of hydrogen may lead to hydrogen embrittlement, hydrogen-induced 
cracking, hydrogen-induced stress corrosion cracking and hydrogen-induced cold 
crack (also known as delayed crack or cold cracking).  However, based on the 
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studies analyzed and conducted by Enbridge Gas this is not expected to be a 
concern when adding up to 2% of Hydrogen by volume in this BGA. More study is 
required at higher pressures and percentages of hydrogen in order to fully 
understand the mitigation that might be required to prevent issues in those 
scenarios. 

b) Permeation is very slow through steel, and does not increase due to higher 
pressure. It increases with temperature (because it enhances the dissociation of the 
hydrogen molecules), which can lead to high temperature hydrogen attack (HTHA) 
at temperatures above 200°C, resulting in hydrogen becoming trapped in the 
material. Distribution lines operate at temperatures significantly lower than 200°C. 

Permeation of hydrogen is higher than that of methane though plastic piping, 
however an increase in permeation at the concentration levels studied was found to 
be negligible. 

c) Other types of equipment that may not be well-suited for blended gas include natural 
gas engines, commercial and industrial burners and applications that use natural 
gas as feedstock to produce fertilizer and other products. 

For most equipment, mitigation of impacts from blended gas may be possible 
through machine readjustments.  Specific impacts and potential mitigations will 
depend on the application and need to be assessed on a case-by-case basis, 
according to manufacturer’s specifications. 

d) Please refer to the response for question (c) stated above. In addition, 
The impact on a large volume customer who may use blended natural gas will 
depend on the specific equipment used.  There are no large volume customers in 
the BGA.  Enbridge Gas has not conducted a survey of customer equipment for 
large volume customers across its franchise and cannot comment on specific 
customer equipment without further investigation. 
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Exhibit I.STAFF.7 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, Figure 3 

Preamble: 

Figure 3 is a map that illustrates the extents of loops S1, S1A and B1 relative to 
Enbridge Gas’ existing distribution system. Most of the existing pipelines are orange in 
colour. There are small portions of pipelines that are in purple; some are inside a loop 
(e.g., northeast corner of Elgin Mills Road East and Highway 404) and some are outside 
a loop (e.g., northwest corner of 10th Avenue and Kennedy Road). 

Question: 

What is the significance of the purple pipelines? Are they related to the Project in some 
way? If so, please explain 

Response: 

The map provided at Exhibit B, Tab 1, Schedule 1, Attachment 1, Figure 3 is a 
screenshot of a GIS map of the Enbridge Gas distribution system in and around the 
TOC. It shows, at a point in time, the status of proposed pipelines, pipelines that are 
active and in-service, pipelines under construction and pipelines scheduled for 
decommissioning. 

At the time the map was produced the purple lines were proposed pipelines. None of 
the purple pipelines identified in Figure 3 are directly related to the Project. However, 
the purple pipelines contained in the area identified as Loop S1 will become part of the 
BGA and receive blended gas once the Project is in-service. The purple pipelines at the 
western edge of the BGA have been constructed and energized and will become part of 
the BGA. The purple pipelines in the north in the BGA are proposed and not yet 
constructed and in-service, however they will form part of the BGA when they are in-
service. 
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Exhibit I.STAFF.8 
Page 1 of 3 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Table 1 and pages 1-3 and 13 
Exhibit C, Tab 1, Schedule 1, Attachment 4, page 53 

Preamble: 

Enbridge Gas is seeking approvals for a pilot project that involves injecting a controlled 
quantity of hydrogen into its natural gas distribution system to create a blended gas 
comprised predominantly of methane with up to 2% hydrogen by volume. 

When combusted, hydrogen is a zero carbon emission fuel source. As a result, the 
blended gas would produce less GHG emissions relative to combusting regular natural 
gas. Enbridge Gas estimates that the GHG reductions associated with using blended 
gas having 2% hydrogen by volume in Loop S1 would be between 97-120 tCO2e per 
year. 

OEB staff notes that, in 2017, Ontario’s GHG emissions attributable to petroleum 
refining and natural gas distribution were 7.9 MtCO2e6. 

Enbridge Gas says the 2% limit was based on literature reviews, analytical modeling, 
risk assessments, field surveys, industry consultation (e.g., external consultants, 
internal subject matter experts, manufacturers, etc.), integrity considerations and 
engineering judgement. This included an assessment of gas interchangeability to 
confirm that the combustion parameters of the blended gas remain within the range of 
Enbridge Gas’ gas specifications based on historical gas distribution values for the past 
12 years. Enbridge Gas also completed a survey of appliances in the BGA to ensure 
compatibility with hydrogen concentrations of up to 2% by volume. 

Enbridge Gas says that its investigation into the various components of loops S1, S1A 
and B1 yielded the conclusion that up to 5% hydrogen by volume could be injected into 
the system. 

6 https://www.cer-rec.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/on-eng.html 

https://www.cer-rec.gc.ca/nrg/ntgrtd/mrkt/nrgsstmprfls/on-eng.html
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A sample of international projects reveals that some had blended gas with 
concentrations of hydrogen as high as 20% by volume. 

Question: 

a) Based on its research to date, does Enbridge Gas believe that it is possible for its 
residential and commercial customers’ appliances to consume blended gas with 
concentrations of hydrogen greater that 2% by volume? 

b) Does Enbridge Gas intend to increase the concentration of hydrogen above 2% in 
loops S1, S1A and B1 in the future? 

c) Does Enbridge Gas anticipate that other loops throughout its system may be able to 
safely accept blended gas with greater than 2% hydrogen? 

d) Has Enbridge Gas compared the GHG reduction benefits of hydrogen blending to 
other existing or potential programs that reduce GHGs (e.g., Demand Side 
Management) in terms of metrics such as $ spent / tCO2e reduced? If so, please 
provide a summary table that lists the alternatives and their corresponding metrics. If 
not, please explain why not. 

Response: 

a) Determination of whether or not hydrogen blending is possible and at what 
concentrations requires a network specific study to determine if a specific network is 
suitable for hydrogen blending, including review of the customer appliances and 
equipment within that network. Enbridge Gas has selected the 2% by volume 
percentage as to not cause a material change to the appliances in the Blended Gas 
Area (BGA). A material change is defined as one where there will be no noticeable 
change to appliance operation and that the combustion characteristics will be similar 
or the same to the fuel historically delivered in the area. While it is possible that a 
concentration of more than 2% hydrogen by volume could be used in the future, this 
would require further study of the relevant BGA, including the appliances used in 
that network.  At this time, Enbridge Gas is not prepared to recommend any higher 
concentration without further study and practical experience. 

b) Enbridge Gas does not intend to increase the concentration of hydrogen in loops S1, 
S1a and S1b in the near future. Please see response to a) above. 

c) Please see response to question a) above. 

d) Enbridge Gas has not undertaken any detailed review of the relative cost/benefit 
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analysis for GHG reductions from hydrogen blending as compared to other activities 
with similar objectives.  The Company does not currently have enough information to 
meaningfully complete such analysis.  For example, there is insufficient information 
available related to the potential compliance cost implications of the Clean Fuel 
Standard, and the cost of future hydrogen LCEPs are not known.  The main purpose 
of this pilot Project is to assess the technical feasibility and customer related aspects 
of blending limited amounts of hydrogen into the Company’s gas supply stream. The 
learnings from this Project will then serve to inform future decisions as to the viability 
of hydrogen blending as a means of reducing GHG emissions associated with the 
use of natural gas which will include associated economic considerations. 
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Exhibit I.STAFF.9 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, pages 11-13 

Preamble: 

Enbridge Gas says that industrial customers are much more sensitive to variations in 
their fuel, and therefore would not be suitable for the first phase of hydrogen blending. 

Question: 

Given that demand for natural gas by industrial customers represents a large portion of 
the total annual demand for natural gas in Ontario – and therefore represents a large 
portion of potential GHG reductions from the use of blended gas – does Enbridge Gas 
intend to serve industrial customers with blended gas in future phases? Please explain. 

Response: 

Enbridge Gas does not intend to serve industrial customers with blended gas at this 
time.  The decision as whether or not to do so will be dependent on future research that 
includes the assessment of various types of industrial customer equipment and the 
physical characteristics of the Company’s gas distribution system in areas considered 
for blended gas delivery in the future.  
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, page 16 

Preamble: 

Fuels safety falls under the purview of the Technical Standards and Safety Authority 
(TSSA), so hydrogen and blended gas pipelines are under the jurisdiction of the TSSA. 

The TSSA requires compliance with the Canadian Standards Association (CSA) Z662 
Oil and Gas Pipeline Systems (CSA Z662)7. The CSA Z662 definition of “gas” does not 
explicitly cover blended gas. However, the scope of the CSA Z662 includes pipeline 
systems that convey Manufactured Gas and Synthetic Natural Gas, which have high 
hydrogen contents. 

Prior to filing the Application, Enbridge Gas consulted with the TSSA and provided 
information on the Project. The TSSA indicated to Enbridge Gas that it would act as a 
technical reviewer of the Application on behalf of the OEB if requested. 

OEB staff contacted the TSSA to inquire about its support. The TSSA indicated that it 
would not intervene in this proceeding, but that it would file a letter of comment. 

Question: 

Has Enbridge Gas had any discussions with the TSSA since it filed the Application? If 
so, please provide a summary of those discussions. 

Response: 

In March 2020, Enbridge Gas filed an Application for Review of Pipeline Project with the 
TSSA, which is a standard requirement for any pipeline project.  In April 2020, the TSSA 
provided a number of technical questions to Enbridge Gas, which the Company is in the 
process of answering. 

7 https://www.tssa.org/en/fuels/resources/Documents/Code-Adoption-Document---Oil-Updated-Contact-
Numbers.pdf 

https://www.tssa.org/en/fuels/resources/Documents/Code-Adoption-Document---Oil-Updated-Contact-Numbers.pdf
https://www.tssa.org/en/fuels/resources/Documents/Code-Adoption-Document---Oil-Updated-Contact-Numbers.pdf
https://I.STAFF.10
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Enbridge Gas has also had communications with the TSSA (Fuel Safety Branch) since 
the application was filed, to inform the TSSA of the filing and the pending OEB review 
process.  Through these communications, Enbridge Gas shared the filed application 
materials, and also provided a public link to the interrogatories on the OEB website. 
The focus of the brief discussion between Enbridge Gas and the TSSA was on the role 
that the TSSA might play in this application. For details please see Exhibit I.CCC.7. 

https://I.STAFF.10
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Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit 1, Tab 1, Schedule 1, Attachment 1, page 19 

Preamble: 

In summarizing the conclusions from each of the work streams conducted to evaluate 
the suitability of hydrogen blending both internally for its distribution system and 
externally for customer-owned piping and equipment, Enbridge Gas states, “Risk 
Assessment (Hazard Identification and Quantitative Risk Assessment work): Completed 
and the results were accepted.” 

Question: 

a) What does “accepted” mean? Does it mean that someone approved the risk 
mitigation strategies and residual risks? 

b) Who accepted the results and what are their qualifications to do so? 

Response: 

a) and b) “Accepted” means that Enbridge Gas (EGD at the time the assessment was 
performed) accepted the quantitative risk assessment as an accurate reflection of 
the risks related to the introduction of hydrogen in the natural gas distribution 
system. This acceptance affirms that: 

• The technical quality of the risk assessment was appropriate 
• The risk assessment was adequate to support the decision to move ahead 

with hydrogen blending and includes the mitigation strategy and the 
residual risks 

The acceptance of the results of the risk assessment is done by Enbridge Gas’s 
engineering department, through established processes which ensure thorough 
review.  The persons involved in the risk assessment review and approval process 
are qualified engineers and operational specialists with lengthy experience with gas 
distribution activities. 

https://I.STAFF.11
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Exhibit I.STAFF.12 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit 1, Tab 1, Schedule 1, page 19 

Preamble: 

Enbridge Gas states that, “[i]ncreased monitoring of the gas distribution network in 
Markham will take place in the initial period of the Project in order to confirm the findings 
of Enbridge Gas.” 

Question: 

Please confirm that the “initial period” means Phase 1. If not, please explain. 

Response: 

Confirmed. The initial period means Phase 1. Enbridge Gas intends to increase 
monitoring of the distribution network in Markham for the first five years after the 
introduction of blended gas into the BGA – please see Exhibit I.FRPO.14. 

https://I.FRPO.14
https://I.STAFF.12
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit C, Tab 1, Schedule 1, page 5 

Preamble: 

Enbridge says that an Environmental Protection Plan (EPP) for the Project will be 
completed prior to mobilization and construction. The EPP will incorporate 
recommended mitigation measures contained in the Environmental Report (ER) and 
those mitigation measures obtained from agency consultation for the environmental 
issues associated with the proposed works. 

Question: 

Please provide a status update on agency communications related to the EPP since 
Enbridge Gas filed the Application. 

Response: 

The EPP for the Project will be completed prior to mobilization and construction, so that 
it can be tailored to include agency comments (if received). As the Board has not yet 
granted leave to construct for the Project, an EPP has not been created. To date, no 
additional agency communications related to the EPP has been received since 
Enbridge Gas filed the Application. Once an EPP has been finalized, it will be filed with 
the Board. 

https://I.STAFF.13
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit C, Tab 1, Schedule 1, Attachment 2, Appendix E, page 5 

Preamble: 

During public consultations, a resident asked Enbridge Gas for a copy of the 
engineering assessment. Enbridge Gas responded that the assessment would be 
available at the time that Enbridge Gas applied to the OEB. 

Question: 

Please confirm that the resident was provided a copy of the engineering assessment 
and on what date. Were there any concerns raised by the resident regarding the 
engineering assessment? If so, please provide the nature of the comments raised and 
Enbridge’s response to these comments. If a copy of the assessment was not provided, 
please explain why not. 

Response: 

Enbridge Gas has not provided a copy of the engineering assessment to the resident. 
Please see Exhibit I.H2GO.1. 

https://I.STAFF.14
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Page 1 of 1 

Plus Attachments 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit C, Tab 1, Schedule 1, Attachment 2, pages 6-7 
Exhibit C, Tab 1, Schedule 1, Attachment 4, page 4 

Preamble: 

Enbridge Gas’ consultation logs show that a particular resident asked a number of 
questions including one about the impact of the use of blended gas on home insurance. 
The log indicates that Enbridge Gas responded to the resident’s questions, but does not 
record the answers that were given. 

During the open house that was held as part of completing the ER Addendum, another 
resident asked about the impact of the use of blended gas on home insurance and 
property tax. 

Question: 

Please file a copy of the information that Enbridge Gas provided to these residents in 
response to their questions about the impact of the use of blended gas on home 
insurance and property tax? 

Response: 

The Attachments to this response contain the information and responses provided to 
the residents referenced above. 

Attachments 1 to 3 set out the responses and information provided to the resident 
referenced at Exhibit C, Tab 1, Schedule 1, Attachment 2, pages 6-7. 

Attachment 4 sets out a question provided by a stakeholder to Enbridge Gas on an 
Information Session Questionnaire related to how the costs of the project will be passed 
along.  A response could not be provided to the stakeholder that asked this question, as 
no contact information was provided by the stakeholder. 

https://I.STAFF.15


Redacted, Filed:  2020-06-15, EB-2019-0294, Exhibit I.STAFF.15, Attachment 1, Page 1 of 4

Energy, Low-Carbon <lowcarbonenergyea@dillon.ca> 

RE: [External] RE: Low-Carbon Energy Project 
@enbridge.com> 

To: @rogers.com" @rogers.com> 
Cc: "Energy, Low-Carbon" <lowcarbonenergyea@dillon.ca> 

Thu, May 23, 2019 at 3:55 PM 

Hi 

Below is a response to the questions you provided to us at the open house, that were photocopied by a team member.  

1. Reason for this project: environmentally friendly? Costs to Enbridge will be paid by who, us, who else? 

· The purpose of the project is to reduce greenhouse gas emissions. By injecting hydrogen, a carbon free gas, into the natural gas grid Enbridge 
expects that the project, once fully in service, could reduce carbon emissions by those using the blended gas by 625 metric tons of CO2e annually. 
This figure was derived from the gas consumed in 2018 for the area that will be receiving blended gas. This is equal to the total amount of 
greenhouse gas emissions from approximately 139 homes in a year (based on the average consumption of a home in a year). 

· The costs of the Low Carbon Energy project and the hydrogen we would be using would be built into rates for customers across our rate base, 
pending OEB approval. There could also be some cost savings due to using cleaner blended gas, as Enbridge may be able to pay lower carbon 
taxes. If these savings are realized, they would be passed on to Enbridge customers as well. 

2. Is this project approved by the City of Markham or its at the study level? If approved already why community affected by this project was not involved in the 
initial stages to get familiar and express our concerns? 

· Enbridge is regulated by the Ontario Energy Board (OEB). The project has not been approved, as the OEB still needs to review the supporting 
documentation. Currently, Enbridge is undertaking a consultation program as part of the environmental assessment required by the OEB. This is the 
stage where residents can become familiar with the project and express their concerns. All feedback received from the public (including your 
submitted questions) are considered and documented in the Environmental Report that will be submitted to the OEB as part of Enbridge's Leave to 
Construct application. 

3. Notification method: was this the proper way to inform everyone affected? A single piece of paper that looks like a worthless flyer? Everyone I called thought it 
was a flyer and put it in the recycling bin. I receive every month letters from Enbridge asking me to pay for a furnace maintenance. This important notice was not 
worth to put it in an envelope with the name and address to each house affected? 

· Thank you for your comments. The Notice of Commencement (NOC) was distributed by unaddressed admail through Canada Post. This 
method has been effectively used on previous projects to reach a large study area (over 33,600 Notices were delivered). In addition, the NOC was 
published in local newspapers on March 7 and 14 (Markham Economist & Sun) and March 9 and 18 (Ming Pao). As well, some local councilors 
shared the project and open house information in their e-newsletters, and the notices were also posted in City of Markham-run community centers 
in the project area. 

4. Where - where this mix of gasses has been used - is used - currently. Is it the City of Toronto, the province of Ontario, Canada, North America, anywhere on the 
planet? If not are we the guinea pigs of the world? 

· Power‐to‐Gas is not a new technology. Several Power‐to‐Gas facilities successfully operate in Europe, some for over a decade. Enbridge's 
engineering department researched, analyzed, and tested the technical feasibility and safety of using hydrogen for this proposed project. 

5. Why - why are you mixing a very combustible gas as hydrogen in with propane gas? Have you accumulated some big amount of this gas by some process (by-
product) and you would put it in the pipeline with possible great financial gains to your corporation? What is the cost of 1 cubic metre of hydrogen gas versus 1 cubic 
metre of natural gas? Is this new mix going to be cheaper for the consumer? 

· The purpose of the project is to reduce greenhouse gas emissions. How we use energy and the sources we rely on are changing. Ontario is 
seeking lower‐carbon, sustainable energy solutions, like hydrogen and renewable natural gas made from organic waste. We believe that all forms of 
energy have a role to play in this shift to a low‐carbon economy. This means leveraging all of our company’s assets – whether it’s pipelines, 
renewable power or our natural gas infrastructure – to provide an energy system that meets the demand for safe, reliable and affordable energy. 

· Your question included a reference to hydrogen being a very combustible gas.  Hydrogen, as with every combustible fuel including natural gas, 
requires proper safety procedures and handling. Although hydrogen is more readily combustible than natural gas, both are safe if handled properly. 
The lower explosive limit of hydrogen and natural gas are similar, and there is only a marginal change with natural gas with up to 2% by volume 
hydrogen versus previously delivered natural gas. We are managing this project carefully to ensure the safety of our employees, our customers, 
the general public and our system. 

· With respect to the source of the hydrogen gas, the Power‐to‐Gas facility, located at Enbridge’s office at Honda Blvd and Woodbine Ave, uses 
electricity to produce hydrogen. Once the hydrogen gas has been generated, it is stored in hydrogen storage tanks on site. The hydrogen gas can 
either be converted back into electricity when needed, or blended with natural gas as a less carbon-intensive energy source, or as a potential fuel 
for Hydrogen Fuel Cell Electric Vehicles. Through this project, we are using carbon-free hydrogen gas to help move toward a low-carbon economy. 

· If hydrogen blended gas is used in your home, you would see a slight increase in your gas usage compared to traditional natural gas on your 
bill. The increase is anticipated to be less than $10 per year based on typical gas usage of a residential home. Enbridge is currently looking at ways 
to acknowledge the slight increase in consumption as a result of the blended gas. 

6. Safety - could you please talk to us about the safety of this and how you have tested it and where? Hydrogen is odorless, colourless, and extremely 
combustible. What will be the impact on our property premiums if our insurance company believes the mix to be of a high risk? Who will pay for the additional 
expense? (if applicable) 

· Safety is Enbridge’s top priority and one of its core values. We have applied rigorous safety standards to the planning, design, development 
and construction of the blending project. We’ve taken a number of steps to reduce risks, including several safety studies to identify potential risk 
scenarios and actions to address them. In addition to this, we consulted with and drew upon the knowledge and experience of specialized 
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consultants involved in previous hydrogen projects around the world. Through this process, which spanned over 2 years, we were able to meet our 
stringent safety and risk requirements, as well as drive towards our goal to reduce our carbon footprint. Enbridge is focused on ensuring the safety 
of the public and our employees and reliability of the service we provide. As well, the Ontario Energy Board and Technical Standards and Safety 
Authority would be involved in granting approvals prior to the introduction of any blended gas to customers. The following paragraphs describe in 
more detail the work and studies we’ve undertaken for this project. 

· Our studies included research, analysis, and testing into the technical feasibility and safety of this proposed project. This included evaluating 
the performance of our own infrastructure and collecting information on appliances in the proposed blended gas distribution area (e.g., furnaces, hot 
water tanks). For instance, we looked at the gas interchangeability with appliances in the area to confirm that the combustion parameters would 
remain within the range of our gas specifications (based on our historical gas distribution values for the past 12 years). We also looked to ensure 
compatibility with hydrogen concentrations of 2% by volume, which included engaging manufacturers and distributors to verify the compatibility of 
their appliances with our project parameters. Based on the results of the information we collected on appliances, they would continue to operate as 
they have been. Customers should always follow manufacturer recommendations for maintenance. 

· We also met with the representatives from Fire and Emergency Services at the City of Markham and advised of them of our proposed project. 
There were no critical concerns identified at the time and we will continue to engage and work with Fire and Emergency Services should the project 
be approved. Also, an evaluation was also done by an independent third-party that specializes in risk assessments to make sure building 
occupants and neighbouring properties will continue to be safe. 

· In particular, our Engineering department researched, analyzed, and tested the technical feasibility and safety of using hydrogen for this 
proposed project. Hydrogen is similar to natural gas in some respects. For example, both fuels are lighter than air and will rise and disperse when 
released into the atmosphere. Both fuel sources require proper safety procedures and handling for safe use, and are flammable and explosive 
under certain conditions. Although hydrogen is more readily combustible than natural gas, both are safe if handled properly.  The lower explosive 
limit of hydrogen and natural gas are similar, and there is marginal change with natural gas with up to 2% by volume hydrogen versus previously 
delivered natural gas. It’s important to note that Enbridge is not planning to alter the existing odourant, and the smell of blended gas would maintain 
the distinct ""rotten egg"" smell like natural gas. 

· Enbridge expects blending hydrogen into the natural gas distribution system would not have any discernable impact on insurance premiums. 

7. Equipment - what will be the impact on our current equipment? (furnace, gas range, water heater, gas fireplace). Are we going to be forced to [buy] all these 
appliances new? What if the mix causes all these appliances to break down frequently or become inoperable? 

· As outlined above, we have completed a compatibility study on appliances in the blended gas distribution area. Based on the results, your 
appliances would continue to operate as they have been. Customers should always follow manufacturer recommendations for maintenance. 

8. Meetings of affected residents - I suggest that all the residents in the affected area call a meeting(s) to bring awareness and to discuss the impact of this project 
to our safety and also costs to replace any or all of our appliances. We should invite experts on this subject to provide us their opinion related to this project.       

· Comment noted. Please let us know if you require any further information in advance of your meeting. We would be happy to attend and 
answer questions at the meeting if you would like.

 I also note that you have requested notification for when the preferred route is selected. The preferred route was selected during the environmental 
assessment process, and presented in the Environmental Report. The Environmental Report was submitted to the Ontario Pipeline Coordinating Committee for 
review, and will then be submitted to the Ontario Energy Board as part of the LTC application. The Environmental Report has been uploaded to the project website 
for public viewing (https://www.enbridgegas.com/About-Us#tab-content – click on “Projects” à Low-Carbon Energy Project àEnvironmental Report. Once an LTC 
application is submitted to the Ontario Energy Board for review, members of the public can request updates on a project by visiting www.oeb.ca, selecting the 
project, and entering an email address in the ""get updates about this application"" section. 

We anticipate to submit the LTC application to the Ontario Energy Board in the summer of 2019, with an anticipated decision from the OEB late 2019. We would 
proceed in construction along the preferred route pending OEB approval. To be notified of the OEB decision, please provide your email address to the OEB website. 

I hope this email provides further clarity on our project, however if there is any further information you are looking for, please feel free to let me know and I will do my 
best to provide you with an answer! 

Thanks 

M.Sc., P.Ag. 

Sr Environmental Advisor 

— 

ENBRIDGE GAS INC. 
TEL: 416-495-3103 | CELL: 416-371-8790 

101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 

Safety. Integrity. Respect. 

From 
Sent: Wednesday, May 22, 2019 2:49 PM 
To: @rogers.com 
Cc: Energy, Low-Carbon
Subject: RE: [External] RE: Low-Carbon Energy Project 

https://enbridgegas.com
www.oeb.ca
https://www.enbridgegas.com/About-Us#tab-content
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My apologies that it has taken us longer than expected to get back to you! I expect to have a response to your questions this week! 

We have not yet filed an application to the OEB. 

Thanks for your patience. 

M.Sc., P.Ag. 

Sr Environmental Advisor 

— 

ENBRIDGE GAS INC. 
TEL: 416-495-3103 | CELL: 416-371-8790 

101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 

Safety. Integrity. Respect. 

From: @rogers.com [mailto @rogers.com]
Sent: Monday, May 13, 2019 12:48 PM 
To: 
Subject: RE: [External] RE: Low-Carbon Energy Project 

Hello, 

It’s been over a month since the last time I heard from you and I’m still waiting to get your response regarding my questions from the public meetings in March. 

I know that you (Enbridge) are going to present to the OEB for approval of your plans in June (I was told about this in the meeting). 

If you respond to my concerns/questions to Enbridge after the OEB hearing, I will take it that what I asked for was water under the bridge to you. 

I expect to get a response sooner rather than later (if not too late already). 

From: @enbridge.com] 
Sent: April 11, 2019 9:26 AM 
To: @rogers.com 
Cc: lowcarbonenergyea@dillon.ca 
Subject: RE: [External] RE: Low-Carbon Energy Project 

Good Morning 

Thanks for reaching out. We have your list of questions and our team is working on sending you a thorough response. It will take us some time to gather the 
information you requested, as I will be consulting with some of the technical specialists on this project. Due to our recent consultation events, we have a large 
volume of inquiries we are responding to, and are working towards responding to them. 

Thank you for your patience while we pull this together. 

M.Sc., P.Ag. 

Sr Environmental Advisor, Environmental Programs 

— 

ENBRIDGE GAS INC. 

https://rogers.com
https://rogers.com
https://enbridgegas.com
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TEL: 416-495-3103 | CELL: 416-371-8790 

101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 

Safety. Integrity. Respect 

From: @rogers.com @rogers.com]
Sent: Wednesday, April 10, 2019 8:06 PM 
To: 
Subject: [External] RE: Low-Carbon Energy Project 

Hello, 

In the two presentations which I attended, I asked a number of questions that your reps couldn’t-wouldn’t answer to me. 

I was told that you were going to send me an email with the answers. Someone took a photocopy of the two pages of questions/concerns 

Which I brought to the first meeting. Where is your response? 

You telling me that you tested this mix somewhere means nothing to me and all my fellow neighbors. 

Please give us specific information about where and how you did the testing. 

I will proceed to bring our concerns to our elected representatives and ask them to kindly get involved and help us in this effort to understand how this 

project will affect our safety/additional charges to our energy bills/property insurance coverages/warranties of appliances. 

I’m still waiting to receive answers to my questions which I handed to you (Enbridge) in the two public meetings. 

Concerned resident 

From: @enbridge.com] 
Sent: April 9, 2019 3:12 PM 
To: @rogers.com 
Cc: lowcarbonenergyea@dillon.ca 
Subject: Low-Carbon Energy Project 

Hello! 

Thank-you for your inquiry at the public open house for the Low-Carbon Energy Project. We understand you were looking for more information on how to access the 
technical information and regulatory application that is made to the Ontario Energy Board (OEB). We are in the process of completing our Environmental Report, 
which will form part of the regulatory application. We plan to submit our regulatory application to the OEB this summer. 

Once the application is submitted to the OEB, it will be available on the project website: www.enbridgegas.com/lowcarbonenergyproject. You can keep checking the 
above website for project updates.. 

As for your concerns regarding appliances, a sample of customer appliances were thoroughly assessed in this area and the appliances should continue to operate 
as they have been. This was a common question that came up during the consultation process, and all questions and comments that were received by email and 
comment forms will be documented as part of the Environmental Report and submitted with the regulatory application to the OEB. 

I hope this answers your questions, but if not, feel free to reach out to us. 

M.Sc., P.Ag. 

Sr Environmental Advisor, Environmental Programs 

— 

ENBRIDGE GAS INC. 
TEL: 416-495-3103 | CELL: 416-371-8790 

101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 

Safety. Integrity. Respect 

https://enbridgegas.com
www.enbridgegas.com/lowcarbonenergyproject
https://rogers.com
https://rogers.com
https://enbridgegas.com
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2. Is this project approved by the City of Markham or its at the study level? If approved already why community 
affected by this project was not involved in the initial stages to get familiar and express our concerns?  

 Enbridge is regulated by the Ontario Energy Board (OEB). The project has not been approved, as 
the OEB still needs to review the supporting documentation. Currently, Enbridge is undertaking a 
consultation program as part of the environmental assessment required by the OEB. This is the stage 
where residents can become familiar with the project and express their concerns. All feedback received 
from the public (including your submitted questions) are considered and documented in the 
Environmental Report that will be submitted to the OEB as part of Enbridge's Leave to Construct 
application. 

3. Notification method: was this the proper way to inform everyone affected? A single piece of paper that looks like a 
worthless flyer? Everyone I called thought it was a flyer and put it in the recycling bin. I receive every month letters 
from Enbridge asking me to pay for a furnace maintenance. This important notice was not worth to put it in an 
envelope with the name and address to each house affected?     

 Thank you for your comments. The Notice of Commencement (NOC) was distributed by 
unaddressed admail through Canada Post. This method has been effectively used on previous projects 
to reach a large study area (over 33,600 Notices were delivered). In addition, the NOC was published in 
local newspapers on March 7 and 14 (Markham Economist & Sun) and March 9 and 18 (Ming Pao). As 
well, some local councilors shared the project and open house information in their e‐newsletters, and 
the notices were also posted in City of Markham‐run community centers in the project area. 

4. Where ‐ where this mix of gasses has been used ‐ is used ‐ currently. Is it the City of Toronto, the province of 
Ontario, Canada, North America, anywhere on the planet? If not are we the guinea pigs of the world?           

 Power‐to‐Gas is not a new technology. Several Power‐to‐Gas facilities successfully operate in 
Europe, some for over a decade. Enbridge's engineering department researched, analyzed, and tested 
the technical feasibility and safety of using hydrogen for this proposed project. 

5. Why ‐ why are you mixing a very combustible gas as hydrogen in with propane gas? Have you accumulated some 
big amount of this gas by some process (by‐product) and you would put it in the pipeline with possible great financial 
gains to your corporation? What is the cost of 1 cubic metre of hydrogen gas versus 1 cubic metre of natural gas? Is this 
new mix going to be cheaper for the consumer? 

 The purpose of the project is to reduce greenhouse gas emissions. How we use energy and the 
sources we rely on are changing. Ontario is seeking lower‐carbon, sustainable energy solutions, like 
hydrogen and renewable natural gas made from organic waste. We believe that all forms of energy 
have a role to play in this shift to a low‐carbon economy. This means leveraging all of our company’s 
assets – whether it’s pipelines, renewable power or our natural gas infrastructure – to provide an 
energy system that meets the demand for safe, reliable and affordable energy. 

 Your question included a reference to hydrogen being a very combustible gas.  Hydrogen, as with 
every combustible fuel including natural gas, requires proper safety procedures and handling. Although 
hydrogen is more readily combustible than natural gas, both are safe if handled properly.  The lower 
explosive limit of hydrogen and natural gas are similar, and there is only a marginal change with natural 
gas with up to 2% by volume hydrogen versus previously delivered natural gas.  We are managing this 
project carefully to ensure the safety of our employees, our customers, the general public and our 
system. 

 With respect to the source of the hydrogen gas, the Power‐to‐Gas facility, located at Enbridge’s 
office at Honda Blvd and Woodbine Ave, uses electricity to produce hydrogen.  Once the hydrogen gas 
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has been generated, it is stored in hydrogen storage tanks on site.  The hydrogen gas can either be 
converted back into electricity when needed, or blended with natural gas as a less carbon‐intensive 
energy source, or as a potential fuel for Hydrogen Fuel Cell Electric Vehicles. Through this project, we 
are using carbon‐free hydrogen gas to help move toward a low‐carbon economy.  

 If hydrogen blended gas is used in your home, you would see a slight increase in your gas usage 
compared to traditional natural gas on your bill. The increase is anticipated to be less than $10 per year 
based on typical gas usage of a residential home.  Enbridge is currently looking at ways to acknowledge 
the slight increase in consumption as a result of the blended gas. 

6. Safety ‐ could you please talk to us about the safety of this and how you have tested it and where? Hydrogen is 
odorless, colourless, and extremely combustible. What will be the impact on our property premiums if our insurance 
company believes the mix to be of a high risk? Who will pay for the additional expense? (if applicable)  

 Safety is Enbridge’s top priority and one of its core values. We have applied rigorous safety 
standards to the planning, design, development and construction of the blending project.  We’ve taken 
a number of steps to reduce risks, including several safety studies to identify potential risk scenarios 
and actions to address them. In addition to this, we consulted with and drew upon the knowledge and 
experience of specialized consultants involved in previous hydrogen projects around the 
world.  Through this process, which spanned over 2 years, we were able to meet our stringent safety 
and risk requirements, as well as drive towards our goal to reduce our carbon footprint.  Enbridge is 
focused on ensuring the safety of the public and our employees and reliability of the service we 
provide.  As well, the Ontario Energy Board and Technical Standards and Safety Authority would be 
involved in granting approvals prior to the introduction of any blended gas to customers. The following 
paragraphs describe in more detail the work and studies we’ve undertaken for this project. 

 Our studies included research, analysis, and testing into the technical feasibility and safety of this 
proposed project. This included evaluating the performance of our own infrastructure and collecting 
information on appliances in the proposed blended gas distribution area (e.g., furnaces, hot water 
tanks).  For instance, we looked at the gas interchangeability with appliances in the area to confirm 
that the combustion parameters would remain within the range of our gas specifications (based on our 
historical gas distribution values for the past 12 years).  We also looked to ensure compatibility with 
hydrogen concentrations of 2% by volume, which included engaging manufacturers and distributors to 
verify the compatibility of their appliances with our project parameters. Based on the results of the 
information we collected on appliances, they would continue to operate as they have been. Customers 
should always follow manufacturer recommendations for maintenance. 

 We also met with the representatives from Fire and Emergency Services at the City of Markham 
and advised of them of our proposed project.  There were no critical concerns identified at the time 
and we will continue to engage and work with Fire and Emergency Services should the project be 
approved.  Also, an evaluation was also done by an independent third‐party that specializes in risk 
assessments to make sure building occupants and neighbouring properties will continue to be safe.  

 In particular, our Engineering department researched, analyzed, and tested the technical feasibility 
and safety of using hydrogen for this proposed project.  Hydrogen is similar to natural gas in some 
respects.  For example, both fuels are lighter than air and will rise and disperse when released into the 
atmosphere.  Both fuel sources require proper safety procedures and handling for safe use, and are 
flammable and explosive under certain conditions.  Although hydrogen is more readily combustible 
than natural gas, both are safe if handled properly. The lower explosive limit of hydrogen and natural 
gas are similar, and there is marginal change with natural gas with up to 2% by volume hydrogen versus 
previously delivered natural gas. It’s important to note that Enbridge is not planning to alter the 
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existing odourant, and the smell of blended gas would maintain the distinct ""rotten egg"" smell like 
natural gas. 

 Enbridge expects blending hydrogen into the natural gas distribution system would not have any 
discernable impact on insurance premiums. 

7. Equipment ‐ what will be the impact on our current equipment? (furnace, gas range, water heater, gas fireplace). 
Are we going to be forced to [buy] all these appliances new? What if the mix causes all these appliances to break down 
frequently or become inoperable?  

 As outlined above, we have completed a compatibility study on appliances in the blended gas 
distribution area. Based on the results, your appliances would continue to operate as they have been. 
Customers should always follow manufacturer recommendations for maintenance. 

8. Meetings of affected residents ‐ I suggest that all the residents in the affected area call a meeting(s) to bring 
awareness and to discuss the impact of this project to our safety and also costs to replace any or all of our appliances. 
We should invite experts on this subject to provide us their opinion related to this project. 

 Comment noted. Please let us know if you require any further information in advance of your 
meeting. We would be happy to attend and answer questions at the meeting if you would like. 

 I also note that you have requested notification for when the preferred route is selected. The preferred route was 
selected during the environmental assessment process, and presented in the Environmental Report. The Environmental 
Report was submitted to the Ontario Pipeline Coordinating Committee for review, and will then be submitted to the 
Ontario Energy Board as part of the LTC application. The Environmental Report has been uploaded to the project 
website for public viewing (https://www.enbridgegas.com/About‐Us#tab‐content – click on “Projects”  Low‐Carbon 
Energy Project Environmental Report. Once an LTC application is submitted to the Ontario Energy Board for review, 
members of the public can request updates on a project by visiting www.oeb.ca, selecting the project, and entering an 
email address in the ""get updates about this application"" section. 

We anticipate to submit the LTC application to the Ontario Energy Board in the summer of 2019, with an anticipated 
decision from the OEB late 2019. We would proceed in construction along the preferred route pending OEB approval. 
To be notified of the OEB decision, please provide your email address to the OEB website. 

I hope this email provides further clarity on our project, however if there is any further information you are looking for, 
please feel free to let me know and I will do my best to provide you with an answer! 

Thanks 

M.Sc., P.Ag. 

Sr Environmental Advisor 
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Redacted, Filed:  2020-06-15, EB-2019-0294, Exhibit I.STAFF.15, Attachment 3, Page 5 of 8
— 

ENBRIDGE GAS INC. 
TEL: 416-495-3103 | CELL: 416-371-8790 
101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 
Safety. Integrity. Respect. 

From: 
Sent: Wednesday, May 22, 2019 2:49 PM 
To: @rogers.com 
Cc: Energy, Low-Carbon
Subject: RE: [External] RE: Low-Carbon Energy Project 

Hello 

My apologies that it has taken us longer than expected to get back to you! I expect to have a response to your 
questions this week! 

We have not yet filed an application to the OEB. 

Thanks for your patience.  

M.Sc., P.Ag. 

Sr Environmental Advisor 

— 

ENBRIDGE GAS INC. 
TEL: 416-495-3103 | CELL: 416-371-8790 
101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 
Safety. Integrity. Respect. 

From: @rogers.com @rogers.com]
Sent: Monday, May 13, 2019 12:48 PM 
To: 
Subject: RE: [External] RE: Low-Carbon Energy Project 

5 
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Redacted, Filed:  2020-06-15, EB-2019-0294, Exhibit I.STAFF.15, Attachment 3, Page 6 of 8

Hello, 

It’s been over a month since the last time I heard from you and I’m still waiting to get your response regarding my 
questions from the public meetings in March. 

I know that you (Enbridge) are going to present to the OEB for approval of your plans in June (I was told about this in 
the meeting). 

If you respond to my concerns/questions to Enbridge after the OEB hearing, I will take it that what I asked for was 
water under the bridge to you. 

I expect to get a response sooner rather than later (if not too late already). 

From: @enbridge.com] 
Sent:
To: 

 April 11, 2019 9:26 AM 
@rogers.com 

Cc: lowcarbonenergyea@dillon.ca 
Subject: RE: [External] RE: Low‐Carbon Energy Project 

Good Morning 

Thanks for reaching out. We have your list of questions and our team is working on sending you a thorough response. It 
will take us some time to gather the information you requested, as I will be consulting with some of the technical 
specialists on this project. Due to our recent consultation events, we have a large volume of inquiries we are 
responding to, and are working towards responding to them. 

Thank you for your patience while we pull this together. 

M.Sc., P.Ag. 

Sr Environmental Advisor, Environmental Programs 

— 
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Redacted, Filed:  2020-06-15, EB-2019-0294, Exhibit I.STAFF.15, Attachment 3, Page 7 of 8

ENBRIDGE GAS INC. 
TEL: 416-495-3103 | CELL: 416-371-8790 
101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 
Safety. Integrity. Respect 

From: @rogers.com @rogers.com]
Sent: Wednesday, April 10, 2019 8:06 PM 
To: 
Subject: [External] RE: Low-Carbon Energy Project 

Hello, 

In the two presentations which I attended, I asked a number of questions that your reps couldn’t‐wouldn’t answer to 
me. 

I was told that you were going to send me an email with the answers. Someone took a photocopy of the two pages of 
questions/concerns 

Which I brought to the first meeting. Where is your response? 

You telling me that you tested this mix somewhere means nothing to me and all my fellow neighbors. 

Please give us specific information about where and how you did the testing. 

I will proceed to bring our concerns to our elected representatives and ask them to kindly get involved and help us in 
this effort to understand how this 

project will affect our safety/additional charges to our energy bills/property insurance coverages/warranties of 
appliances. 

I’m still waiting to receive answers to my questions which I handed to you (Enbridge) in the two public meetings. 

Concerned resident 

From: @enbridge.com] 
Sent: April 9, 2019 3:12 PM 
To: @rogers.com 
Cc: lowcarbonenergyea@dillon.ca 
Subject: Low‐Carbon Energy Project 
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Hello! 

Redacted, Filed:  2020-06-15, EB-2019-0294, Exhibit I.STAFF.15, Attachment 3, Page 8 of 8

Thank‐you for your inquiry at the public open house for the Low‐Carbon Energy Project.  We understand you were 
looking for more information on how to access the technical information and regulatory application that is made to the 
Ontario Energy Board (OEB). We are in the process of completing our Environmental Report, which will form part of the 
regulatory application. We plan to submit our regulatory application to the OEB this summer. 

Once the application is submitted to the OEB, it will be available on the project website: 
www.enbridgegas.com/lowcarbonenergyproject. You can keep checking the above website for project updates.. 

As for your concerns regarding appliances, a sample of customer appliances were thoroughly assessed in this area and 
the appliances should continue to operate as they have been.  This was a common question that came up during the 
consultation process, and all questions and comments that were received by email and comment forms will be 
documented as part of the Environmental Report and submitted with the regulatory application to the OEB. 

I hope this answers your questions, but if not, feel free to reach out to us. 

M.Sc., P.Ag. 

Sr Environmental Advisor, Environmental Programs 

— 

ENBRIDGE GAS INC. 
TEL: 416-495-3103 | CELL: 416-371-8790 
101 Honda Blvd., Markham, Ontario L6C 0M6 

enbridgegas.com 
Safety. Integrity. Respect 

This message is directed in confidence solely to the person(s) named above and may contain privileged, confidential or private 

information which is not to be disclosed. If you are not the addressee or an authorized representative thereof, please 
contact the undersigned and then destroy this message. 

Ce message est destiné uniquement aux personnes indiquées dans l'entête et peut contenir une information privilégiée, 
confidentielle ou privée et ne pouvant être divulguée. Si vous n'êtes pas le destinataire de ce message ou une personne autorisée à 
le recevoir, veuillez communiquer avec le soussigné et ensuite détruire ce message. 
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Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.STAFF.16 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit E, Tab 1, Schedule 1, Table 1, pages 2-4 
Exhibit F, Tab 1, Schedule 1, Attachment 1, page 5 

Preamble: 

Table 1 in Exhibit E contains a list of required permits and approvals along with the 
permitting authority. In Exhibit F, the Project Description Letter to the Ministry of Energy, 
Northern Development and Mines (MENDM) lists “potential authorizations”. The two 
lists are the same, with the exception that Exhibit F includes three authorizations not 
listed in Exhibit E: 
a) Ministry of Natural Resources and Forestry 
b) Electrical Safety Association 
c) Technical Standards and Safety Association 

Question: 

Please confirm that permits or approvals are required from the three authorities listed 
above. If so, please update and refile Exhibit E, Table 1. 

Response: 

Enbridge Gas would note that Exhibit E is related to land matters and permits and 
approvals related to lands. The Project Description Letter is developed at a very early 
stage of any project and identifies potential authorizations, including those 
authorizations related to lands and other authorizations. 

No approvals are required from the Ministry of Natural Resources and Forestry for the 
Project.  Certification will be required from the Electrical Safety Association for electrical 
equipment installed in the hydrogen blending facility and approvals from the TSSA will 
be required as part of hydrogen station fabrication and commissioning. 

For further discussion of the role of the TSSA in relation to the Project, please see the 
response to Exhibit I.CCC.7. 

https://I.STAFF.16


   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

  
 

 
 

 
  

 
  

 
 

 
  

 
 

   
  

 
 

 
 

     
  

 
     

 

 
 
 
 
 
 
 
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.STAFF.17 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit E, Tab 1, Schedule 1, page 1 and Attachment 1 

Preamble: 

Enbridge Gas states that temporary working areas may be required where the road 
allowance is too narrow or confined to facilitate construction. These areas will be 
identified with the assistance of the contractor that will construct the Project. 
Agreements for temporary working rights will be negotiated where required. Enbridge 
Gas provided a copy of the proposed form of working area agreement. 

Question: 

a) Was the proposed form of working area agreement approved for use by the OEB in 
a previous proceeding? If so, please provide the case number for that proceeding. 

b) Have any changes been made to the proposed form of working area agreement 
since it was last approved for use by the OEB? If so, please list and explain them. 

Response: 

a) Yes. The form of working area agreement was used in the Georgian Sands Pipeline 
Project, EB-2018-0226, and approved by the Board in that proceeding. 

b) There have not been any changes to the working area agreement since it was 
approved for use by the Board in EB-2018-0226. 

https://I.STAFF.17


   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

 
 

 
 

 
 

  
  

  
   

 
 

 
 

   
 

 
 

 
 

    
   

  
  

    
  

 
 

    
  

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.STAFF.18 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit F, Tab 1, Schedule 1, page 2 

Preamble: 

Enbridge Gas provided the Ontario Ministry of Energy, Northern Development and 
Mines (MENDM) with a project description for the Project on January 4, 2019. On March 
1, 2019, Enbridge Gas received a letter from the MENDM indicating that the MENDM 
had delegated the procedural aspects of consultation to Enbridge Gas for the Project. 
The Delegation Letter identified six Indigenous communities to be consulted with. A 
copy of Enbridge Gas’s Indigenous Consultation Report (ICR) was provided to the 
MENDM on March 31, 2020. The MENDM has not yet issued a letter to Enbridge Gas 
with its opinion on the adequacy of Enbridge Gas’ Indigenous consultations to date. 

Question: 

Please provide an update on any communication with the MENDM in respect of its letter 
of opinion. If it has not already been received, when does Enbridge Gas anticipate 
receiving the letter and filing it into evidence? 

Response: 

Enbridge Gas has not received a letter from MENDM regarding the sufficiency of 
Indigenous consultation for the Project. Enbridge Gas has contacted MENDM regarding 
the status of the sufficiency letter. MENDM indicated, on June 3, 2020, that they had 
received confirmations from Huron Wendat First Nation, Hiawatha First Nation and 
Alderville First Nation. MENDM also indicated that they were awaiting responses from 
Curve Lake First Nation, Mississaugas of the Credit First Nation and Mississaugas of 
Scugog Island First Nation. MENDM has followed up with the aforementioned three first 
nations and hopes to hear back from these first nations soon. MENDM also indicated 
that the Mississaugas of the Credit First Nation office is closed until July 6, 2020. 
Enbridge Gas will file the sufficiency letter when it is received from MENDM. 

https://I.STAFF.18


   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

 
 

 
 

  
 

 
 

  
 
 

 
 

  
  

   
 

 
  

  
  

 
  

 
  

  
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.STAFF.19 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit F, Tab 1, Schedule 1, Appendix A 

Preamble: 

The consultation update summary and logs in Appendix A are watermarked “Draft”. 

Question: 

Please confirm that the consultation update and summary logs in Appendix A are the 
final version. If not, please file a copy of the final version. 

Response: 

Enbridge Gas has assumed that Board Staff is referring to the document entitled 
“Enbridge Gas Inc. Low-Carbon Energy Project Environmental Report Amendment” 
which is set out in draft form in the Attachments to Exhibit F, Tab 1, Schedule 1, 
Attachment 6. 

The consultation update and summary logs contained in this document are draft 
versions and not the final version. As indicated in the notices of project change, for 
example at Exhibit F, Tab 1, Schedule 1, Attachment 6, Line Item 1.16, Attachment 
1.10, Indigenous groups were provided with a draft version of the ER amendment for 
review. 

The final ER amendment, including the final consultation update summary and logs, can 
be found at Exhibit C, Tab 1, Schedule 1, Attachment 7. 

https://I.STAFF.19


   
  
    
    
  
 

 

  
   

  
 

 
 

 
 

  
 

 
 

 
  

 
 

 
     

     

  
  

 
 

  
 

 
   

 
  

   
    

   
   

   
 

  
 

 
  

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.STAFF.20 
Page 1 of 4 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

OEB Staff (STAFF) 

INTERROGATORY 

Reference: 

Exhibit A, Tab 2, Schedule 1 

Preamble: 

The OEB Act permits the OEB, when making an order, to “impose such conditions as it 
considers proper.”8 

Question: 

OEB staff has prepared the following draft Conditions of Approval. If Enbridge Gas does 
not agree to any of the draft conditions of approval noted below, please identify the 
specific conditions that Enbridge Gas disagrees with and explain why. For conditions in 
respect of which Enbridge Gas would like to recommend changes, please provide the 
proposed changes and an explanation of the changes. 

Enbridge Gas Inc. 
Low Carbon Energy Project

OEB Act Sections 36 Rates, 90 Leave to Construct and 97 Land Use 

DRAFT CONDITIONS OF APPROVAL 

1. Enbridge Gas Inc. (Enbridge Gas) shall construct the facilities and restore the land in 
accordance with the OEB’s Decision and Order in EB-2019-0294 and these 
Conditions of Approval. 

2. (a) Authorization for leave to construct shall terminate 12 months after the decision 
is issued, unless construction has commenced prior to that date. 
(b) Enbridge Gas shall give the OEB notice in writing: 

i. of the planned in-service date, at least ten days prior to the date the facilities 
go into service; 

ii. of the date on which construction was completed, no later than 10 days 
following the completion of construction; and 

8 OEB Act, s. 23 

https://I.STAFF.20


   
  
    
    
  
 

 

    
  

    

  
    

  
 
   

 
  

   
      

  
   

  
  

   
   

 
  

 
    

 
  

  
   

 
  

   
 

 
  

    
 

   
 

Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.STAFF.20 
Page 2 of 4 

iii. of the in-service date, no later than 10 days after the facilities go into 
service. 

3. Enbridge Gas shall implement all the recommendations of the Environmental Report 
filed in the proceeding, and all the recommendations and directives identified by the 
Ontario Pipeline Coordinating Committee review. 

4. Enbridge Gas shall advise the OEB of any proposed change to OEB-approved 
construction or restoration procedures. Except in an emergency, Enbridge shall not 
make any such change without prior notice to and written approval of the OEB. In 
the event of an emergency, the OEB shall be informed immediately after the fact. 

5. Enbridge Gas shall file, in the proceeding where the actual capital costs of the 
project are proposed to be included in rate base, a Post Construction Financial 
Report, which shall indicate the actual capital costs of the project and shall provide 
an explanation for any significant variances from the cost estimates filed in this 
proceeding. 

6. Both during and after construction, Enbridge Gas shall monitor the impacts of 
construction, and shall file with the OEB one paper copy and one electronic 
(searchable PDF) version of each of the following reports: 
(a) A post construction report, within three months of the in-service date, which shall: 

i. provide a certification, by a senior executive of the company, of Enbridge 
Gas’ adherence to Condition 1; 

ii. describe any impacts and outstanding concerns identified during 
construction; 

iii. describe the actions taken or planned to be taken to prevent or mitigate any 
identified impacts of construction; 

iv. include a log of all complaints received by Enbridge Gas, including the 
date/time the complaint was received, a description of the complaint, any 
actions taken to address the complaint, the rationale for taking such actions; 
and 

v. provide a certification, by a senior executive of the company, that the 
company has obtained all other approvals, permits, licenses, and 
certificates required to construct, operate and maintain the proposed 
project. 

(b) A final monitoring report, no later than fifteen months after the in-service date, or, 
where the deadline falls between December 1 and May 31, the following June 1, 
which shall: 
i. provide a certification, by a senior executive of the company, of Enbridge 

Gas’ adherence to Condition 3; 

https://I.STAFF.20
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EB-2019-0294 

Exhibit I.STAFF.20 
Page 3 of 4 

ii. describe the condition of any rehabilitated land; 
iii. describe the effectiveness of any actions taken to prevent or mitigate any 

identified impacts of construction; 
iv. include the results of analyses and monitoring programs and any 

recommendations arising therefrom; and 
v. include a log of all complaints received by Enbridge Gas, including the 

date/time the complaint was received; a description of the complaint; any 
actions taken to address the complaint; and the rationale for taking such 
actions. 

Response: 

Enbridge Gas does not object to any of the Draft Conditions of Approval. 

https://I.STAFF.20
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Exhibit I.STAFF.20 
Page 4 of 4 
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Filed: 2020-06-15 
EB-2019-0294 

Exhibit I.VECC.1 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 2 

Enbridge notes: “The TSSA indicated that they will act as a technical reviewer on behalf 
of the Ontario Energy Board for the LTC application if requested.” 

Question: 

a) Please explain how Enbridge envisions coordination between the TSSA and 
OEB to advance and monitor this project?  For example, is Enbridge seeking a 
coordinating committee from the two agencies? 

b) Please explain what form (frequency and type) of reporting is anticipated for this 
project.  Would all reports be made available publicly or does Enbridge 
anticipate developing its own intellectual property from this project? 

c) What form of consumer or public input will be sought after a trial period and 
analysis of the results? 

Response: 

a) Please refer to Exhibit I.CCC 7. 

b) Please refer to Exhibit I.CCC.15. 

c) Enbridge Gas has not yet determined whether or how consumer or public input may 
be sought as the LCEP pilot proceeds. 

https://I.CCC.15
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EB-2019-0294 

Exhibit I.VECC.2 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Reference: Exhibit B, Tab 1, Schedule 1, page 3 

Question: 

a) How was the 97-120 carbon dioxide equivalent estimate for the project calculated 
(please include assumptions). 

Response: 

a) Please see Exhibit I.STAFF.1(a). 
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EB-2019-0294 

Exhibit I.VECC.3 
Page 1 of 2 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, pages 4, 18 

“Enbridge Gas is proposing to acquire hydrogen in a manner that keeps ratepayers 
cost-neutral.”  ……”There will be no impact to customer bills as the cost of hydrogen 
will be the same as the cost of traditional natural gas” 

Question: 

a) Please explain the manner in which ratepayers are kept cost neutral when 
acquiring the hydrogen supply. 

b) Given the limited number of suppliers of hydrogen (single sourced in this 
project) how is the price for hydrogen established? 

c) Does Enbridge Gas have a supply contract with 2562961 Ontario for hydrogen 
and other services?  If so please provide the contract or if for reasons of 
confidentiality this cannot be done outline the terms of the contract. 

d) Does 2562961 Ontario Limited have a generator or other regulatory licence issued 
by the Ontario Energy Board? 

Response: 

a) Please see Exhibit I.STAFF.2(d). 

b) Please see Exhibit I.STAFF.2(d). 

c) For a copy of the term sheet for hydrogen supply, please see 
Exhibit I.STAFF.2(d). For the intercorporate services agreement between 
Enbridge Gas and 2562961 Ontario Ltd., please see Exhibit I.CCC.2. 

d) Yes. 2562961 Ontario Ltd. has an Electricity Storage License. 
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Page 2 of 2 
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Exhibit I.VECC.4 
Page 1 of 1 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 10 

Question: 

a) As the Clean Fuel Standard regulations are at an early stage and not expected to 
come into force until 2023 why does EGI believe that hydrogen blending will be a 
means of compliance or credits under a future CFS policy? 

b) Should this not happen or the project otherwise is abandoned what financial risk 
might accrue to ratepayers? 

Response: 

a) While the Clean Fuel Standard (CFS) compliance obligation for gaseous fuel parties 
is expected to come into force in 2023, Environment and Climate Change Canada 
have indicated that Early Action Credits from the production and use of low-carbon 
fuels, such as hydrogen, may begin upon the publication of the Final Draft Liquid 
Fuel Regulation expected in the fall of 2021. The CFS Proposed Regulatory 
Approach published in June 2019, identified hydrogen as a low-carbon fuel that will 
be eligible to create CFS credits. 

b) Please see Exhibit I.CCC.3 for a discussion of the risks of the Project. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 16 

The evidence states: “Given that the Proposed Facilities are required to enable the 
Company to reduce the GHG footprint of its utility gas distribution system; these 
facilities should be fully attributed to system reinforcement and general distribution 
growth and managed within the rolling project portfolio in accordance with Enbridge 
Gas’s normal business practice.” 

Question: 

a) Given the unusual nature of the project and the fact that it is a pilot project from 
which presumably the Utility hopes to gain a better understanding of both the 
technical and financial challenges and benefits, why would it not be preferable to 
account for this project discretely and outside of the rolling project portfolio? 

Response: 

a) Please see Exhibit I.FRPO.6(b). 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 4 

Question: 

a) Please provide a copy of the HYREADY guidelines followed for this project. 

Response: 

a) Please see Exhibit I.H2GO.1. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, page 4 

Question: 

a) Please provide the results of the CGA/AGA literature search aimed at understanding 
the impacts of adding hydrogen to natural gas. 

b) Please provide the studies which Enbridge relied upon to show that hydrogen 
blending would be safe at the levels contemplated and would not have a detrimental 
effect on customer of utility equipment. 

Response: 

a) and b) Please see the response to Exhibit I.H2GO.1. 
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Plus Attachment 

ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, Attachment 1, page 16 

The following Ontario Regulations are applicable to the project: 
• Ontario Regulation (O. Reg) 210/01 Oil and Gas Pipeline Systems 
• FS 238-18 Oil and Gas Pipeline systems code adoption document, Dated: 

15th February 2018 

Question: 

a) Please provide the Ontario regulations referenced. 

Response: 

a) Current and past versions of the regulations are available under the Ontario Consolidated e-
Laws. Similarly, the TSSA adoption documentations are available on the TSSA website. 
Links to the regulations are provided below: 

https://www.ontario.ca/laws/regulation/010210 

https://www.tssa.org/en/fuels/resources/Documents/Oil-and-Gas-Pipelines-CAD-
Amendment_FIX.pdf 

For ease of reference the regulations are also included in the Attachments to this 
response. 

https://www.ontario.ca/laws/regulation/010210
https://www.tssa.org/en/fuels/resources/Documents/Oil-and-Gas-Pipelines-CAD-Amendment_FIX.pdf
https://www.tssa.org/en/fuels/resources/Documents/Oil-and-Gas-Pipelines-CAD-Amendment_FIX.pdf
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Technical Standards and Safety Act, 2000 
Loi de 2000 sur les normes techniques et la sécurité 

ONTARIO REGULATION 210/01 
OIL AND GAS PIPELINE SYSTEMS 

Consolidation Period: From June 27, 2001 to the e-Laws currency date. 

No amendments. 

This Regulation is made in English only. 
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Interpretation 

1. (1) In this Regulation, 
“appliance” means a device that consumes or is intended to consume gas and includes all valves, fittings, controls and 

components attached or to be attached to it; 
“approved” means, 

(a) with respect to a standard or a laboratory test report, that it is listed in “Titles of Standards and Laboratory Test 
Reports Authorized in the Province of Ontario under the Act” published by the designated administrative authority 
from time to time, 

(b) with respect to an appliance, equipment, a component or an accessory, that it bears the label or symbol of a designated 
testing organization or a label or symbol authorized by the director, certifying that it complies with an approved 
standard or laboratory test report, or 

(c) with respect to an installation or work, that it complies with this Regulation or, where the installation or work was 
installed before this Regulation came into force, that it complies with the predecessor to this Regulation as it existed 
when the installation or work was carried out; 
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http://www.e-laws.gov.on.ca/navigation?file=currencyDates&lang=en


 
 

 
 

   
 

 

  
 

 
 

    
  

  
 

 
  

 
   

 
   

 
 

   
     

  
   

    
  

   
   

    
 

  
 

 
       

         
    

 

       
 

    
  

      
      
    
        

 

Filed:  2020-06-15 
EB-2029-0294 
Exhibit I.VECC.8 
Attachment 1 
Page 2 of 6 

“certificate” means a certificate issued under Ontario Regulation 215/01 (Fuel Industry Certificates); 
“code adoption document” means the “Oil and Gas Pipeline Systems Code Adoption Document” adopted as part of this 

Regulation under Ontario Regulation 223/01; 
“distributor” means a person who conveys or supplies gas to an end user, but does not include a person who supplies gas to a

vehicle or cylinder, and “distribute” and “distribution” have corresponding meanings; 
“equipment” means a device that is used in venting gas or in the handling of oil and gas; 
“facility” means a site where oil or gas is stored or handled other than in portable containers; 
“gas” means any gas or mixture of gases suitable for domestic or industrial fuel that is conveyed to the user through a 

pipeline; 
“gas pipeline inspector” means a holder of a certificate as a gas pipeline inspector issued by the director; 
“handling” means the storage, transmission, transportation or distribution of oil and gas, but does not include putting 

compressed natural gas into the fuel tank of a motor vehicle or into a container at a self-serve facility as provided in 
Ontario Regulation 214/01 (Compressed Natural Gas), and “handle” and “handler” have corresponding meanings; 

“hydrocarbon” means a chemical compound of hydrogen and carbon used as a fuel, either liquid or gaseous; 
“install” includes placing equipment in position for permanent or temporary use, venting it and connecting piping to it, and 

“installation” has a corresponding meaning; 
“maintenance” means the inspection, servicing or repair of equipment, including replacement with equipment having similar 

performance specifications to that being replaced where it is not necessary to change the layout perimeters directly 
associated with the equipment being replaced; 

“oil” means crude oil, liquid petroleum products, natural gasoline, natural gas liquids, liquefied petroleum gas and any 
condensate resulting from the production, processing or refining of hydrocarbons; 

“operating company” includes an individual, partnership, corporation, joint venture, consortium, public agency or other entity 
operating a gas or oil pipeline system; 

“pipeline” means a pipe that is used for the transmission or distribution of oil and gas and includes fittings, valves, controls, 
compressor stations, pressure regulating stations, meter stations and pump stations, but does not include the pipe, fittings, 
valves or controls of the end user; 

“routine maintenance” means scheduled maintenance or maintenance that is generally accepted as good engineering practice; 
“transmitter” means a person who supplies oil and gas by pipeline to a distributor, and “transmit”, “transmission” and 

“transmission line” have corresponding meanings; 
“work” means a facility used in the handling of oil and gas. O. Reg. 210/01, s. 1 (1). 

(2) In the event of a conflict between a provision of this Regulation and the code adoption document, this Regulation 
prevails.  O. Reg. 210/01, s. 1 (2). 
Application 

2. (1) This Regulation applies to the design, construction, operation and maintenance of oil and gas industry pipeline 
systems that convey, 

(a) liquid hydrocarbons, including crude oil, condensate, liquid petroleum products, natural gas liquids and liquefied 
petroleum gas; and 

(b) gas.  O. Reg. 210/01, s. 2 (1). 
(2) This Regulation does not apply to, 
(a) piping in natural gas liquid extraction plants, gas manufacturing plants, and mines; or 
(b) oil refineries, terminals, other than pipeline terminals, and marketing bulk plants.  O. Reg. 210/01, s. 2 (2). 

General requirement for compliance 

2 



 
 

 
 

   
 

 

      
    

     
     
  

      
    

    
 

   
 

         
 

     
   

   
 

           
    

      
    

     
 

                    
  

   
  

       
    

 

        
  

   
       

      
  

        
 

       
    
   

Filed:  2020-06-15 
EB-2029-0294 
Exhibit I.VECC.8 
Attachment 1 
Page 3 of 6 

3. (1) Every person engaged in an activity, use of equipment, process or procedure to which the Act and this Regulation 
apply shall comply with the Act and this Regulation.  O. Reg. 210/01, s. 3 (1). 

(2) For the purposes of subsection (1), the reference to an activity, use of equipment, process or procedure includes, but is 
not limited, to design, construction, erection, maintenance, alteration, repair, service or disposal.  O. Reg. 210/01, s. 3 (2). 
Duty of employer 

4. (1) Every person who operates, installs, removes, repairs, alters or services equipment or works shall instruct their 
employees to comply with the Act and this Regulation.  O. Reg. 210/01, s. 4 (1). 

(2) Every person who employs a person to carry out any activity referred to in subsection (1) shall take every precaution 
that is reasonable in the circumstances to ensure that the employee complies with the Act and this Regulation.  O. Reg. 
210/01, s. 4 (2). 
Licence required 

5. No person shall handle oil and gas unless the person is the holder of a licence.  O. Reg. 210/01, s. 5. 
Certificate required 

6. No person shall install, alter, purge, activate, repair, service or remove any pipeline or equipment or other thing
employed or to be employed in the handling or use of oil or gas unless the person is the holder of a certificate for the purpose.  
O. Reg. 210/01, s. 6. 
Initial putting into use 

7. (1) Where premises are connected to a supply of gas for the first time, no person shall put into use for the first time an 
appliance on the premises that is connected to the pipeline until the distributor has examined the installation of the appliance 
and is satisfied that the installation and use of the appliance are in compliance with this Regulation.  O. Reg. 210/01, s. 7 (1). 

(2) An examination under subsection (1) shall include the examination of all appliances intended to be installed at the time
of occupation of the premises.  O. Reg. 210/01, s. 7 (2). 
Distributor’s right of access 

8. A distributor shall have access, at all reasonable times and upon reasonable notice, to all parts of every premises to 
which the distributor supplies gas by pipeline for the purpose of, 

(a) examining any appliance or equipment in or on the premises and disconnecting the appliance or equipment if it, its 
installation or its use does not conform with this Regulation or its predecessor; and 

(b) placing, protecting, setting, shutting off, removing, repairing or altering any meter or regulator owned by the 
distributor in or on the premises.  O. Reg. 210/01, s. 8. 

Ascertaining pipeline locations 

9. (1) No person shall dig, bore, trench, grade, excavate or break ground with mechanical equipment or explosives 
without first ascertaining from the licence holder the location of any pipeline that may be interfered with.  O. Reg. 210/01, 
s. 9 (1). 

(2) The licence holder shall provide as accurate information as possible on the location of any pipeline within a reasonable
time in all the circumstances. O. Reg. 210/01, s. 9 (2). 
No interference with pipeline 

10. No person shall interfere with or damage any pipeline without authority to do so.  O. Reg. 210/01, s. 10. 
Approval of appliances and equipment 

11. Where this Regulation requires that an appliance or any equipment be approved, no person shall, 
(a) offer for sale, sell, lease or rent; 
(b) install; 
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(c) use; or 
(d) supply gas to, 

any appliance or equipment that is not approved or will not be approved prior to being put into use.  O. Reg. 210/01, s. 11. 
Off-site testing and approval 

12. (1) This section applies only to the testing of an appliance, equipment, a component or an accessory that is carried out 
at a place other than the place where the appliance, equipment, component or accessory is installed for its intended use. 
O. Reg. 210/01, s. 12 (1). 

(2) A person may apply to a designated testing organization to have an appliance, equipment, a component or an accessory
tested under this section.  O. Reg. 210/01, s. 12 (2). 

(3) Organizations accredited by the Standards Council of Canada are designated organizations to test equipment, 
components and accessories to applicable approved standards or laboratory test reports for the purposes of this Regulation. 
O. Reg. 210/01, s. 12 (3). 

(4) A designated testing organization that tests an appliance, equipment, a component or an accessory under this section 
shall place its label or symbol on it if it conforms to the applicable approved standards or laboratory test report.  O. Reg. 
210/01, s. 12 (4). 
On-site testing and approval 

13. (1) This section applies only to the testing of an appliance, equipment, a component or an accessory that is carried out 
at the place where the appliance, equipment, component or accessory is installed for its intended use.  O. Reg. 210/01, 
s. 13 (1). 

(2) A person may apply to the director or an inspector designated by the director, to have an appliance, equipment, a 
component or an accessory tested under this section.  O. Reg. 210/01, s. 13 (2). 

(3) The director or inspector may refuse to test the appliance, equipment, component or accessory if its design is 
substantially the same as one that has been tested and approved by a designated testing organization.  O. Reg. 210/01, 
s. 13 (3). 

(4) The director or inspector may test the appliance, equipment, component or accessory to applicable approved standards 
or laboratory test reports for the purposes of this Regulation.  O. Reg. 210/01, s. 13 (4). 

(5) If an appliance, equipment, component or accessory tested under this section conforms to the applicable approved 
standards or laboratory test reports, the director or inspector shall place an approved label or symbol on it.  O. Reg. 210/01, 
s. 13 (5). 

(6) If an appliance, equipment, component or accessory is tested under this section, the director or inspector shall, 
(a) determine whether its fuel features comply with the approved standards and this Regulation; and 
(b) affix or cause to be affixed a label or symbol approved by the director to the appliance, equipment, component or 

accessory, if the director or inspector determines that its fuel features comply with the approved standards and this 
Regulation.  O. Reg. 210/01, s. 13 (6). 

(7) The applicant shall provide to the director or inspector all information, and shall conduct or cause to be conducted, all 
tests required to determine that the appliance, equipment, component or accessory complies with clause (6) (a).  O. Reg. 
210/01, s. 13 (7). 

(8) An applicant who applies to have an appliance, equipment, a component or an accessory tested and approved under 
this section shall pay the fees set by the designated administrative authority for the time reasonably spent, 

(a) in reviewing information about the thing to be tested; 
(b) in inspecting its fuel features; 
(c) in observing any test of the fuel features to determine if they comply with this Regulation; and 
(d) in use of the thing during testing.  O. Reg. 210/01, s. 13 (8). 

Accidents and occurrences 
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14. (1) Where it appears that carbon monoxide poisoning, asphyxiation, explosion or fire has occurred, or an accidental 
release, vent or spill has occurred because of the use, handling or storage of oil or gas, the licensee shall notify forthwith an 
inspector of the occurrence by telephone, facsimile, or any other form of electronic transmission, and a licence holder shall 
have in place procedures for such notification.  O. Reg. 210/01, s. 14 (1). 

(2) No person shall interfere with or disturb any wreckage, an article or thing at the scene of and connected with the 
occurrence except in the interest of public safety, saving a life, relieving human suffering, continuity of service or 
preservation of property.  O. Reg. 210/01, s. 14 (2). 

(3) Where it is permitted to interfere with or disturb any wreckage, an article or a thing under subsection (2), no person 
shall carry away or destroy any wreckage, article or thing unless an inspector gives permission to do so.  O. Reg. 210/01, 
s. 14 (3). 
Activation of pipeline 

15. (1) No person shall activate a pipeline unless the pipeline is licensed and a certificate holder for the purpose has 
ensured that the pipeline meets the requirements of this Regulation.  O. Reg. 210/01, s. 15 (1). 

(2) A transmitter or distributor shall ensure that a pipeline is not activated unless the requirements of subsection (1) have 
been met.  O. Reg. 210/01, s. 15 (2). 
Use of oil and gas pipelines 

16. (1) Before using an oil pipeline, an operating company shall, except with respect to routine maintenance, obtain a 
declaration from a professional engineer declaring that the design, construction, installation, replacement, extension, 
reclassification and testing of the pipeline have been carried out in accordance with this Regulation.  O. Reg. 210/01, 
s. 16 (1). 

(2) An operating company that has a gas pipeline having a diameter in excess of 219.1 millimetres or that is intended to 
operate at a pressure in excess of 860 kPa, that is constructed, installed, replaced, extended or upgraded, shall obtain a 
declaration from a professional engineer declaring that the design of and the construction specifications for the pipeline are in
accordance with this Regulation.  O. Reg. 210/01, s. 16 (2). 

(3) Subsection (2) does not apply to a service line, as defined in the code adoption document, with a diameter of less than 
88.9 millimetres.  O. Reg. 210/01, s. 16 (3). 

(4) Before using a gas pipeline, an operating company that has a gas pipeline installed or tested shall obtain a declaration 
from a person who is certified for that purpose under Ontario Regulation 215/01 (Fuel Industry Certificates) declaring that
the installation or testing was carried out in accordance with this Regulation.  O. Reg. 210/01, s. 16 (4). 

(5) Before activating a pipeline that has been upgraded, an operating company shall obtain a declaration from a 
professional engineer declaring that the pipeline has been upgraded.  O. Reg. 210/01, s. 16 (5). 

(6) An operating company shall file the declaration referred to in subsection (5) with the director, where the upgrading 
results in an operating stress level greater than 30 per cent of the specified minimum yield strength of the pipeline.  O. Reg. 
210/01, s. 16 (6). 

(7) The operating company shall retain the declarations obtained under subsections (1) to (5) for the life of the pipeline 
and shall make the records readily available upon request of the director.  O. Reg. 210/01, s. 16 (7). 

(8) In this section, 
“professional engineer” means a person licensed under the Professional Engineers Act. O. Reg. 210/01, s. 16 (8). 
Unsafe condition 

17. Where the director has reason to believe that an unsafe condition exists in a pipeline, an operating company shall 
uncover any part of the pipeline at the written request of the director.  O. Reg. 210/01, s. 17. 
Application for licence 

18. (1) An application for the following licences or their renewal shall be made to the director in the form published by 
the designated administrative authority and shall be accompanied by the fee set by the authority: 

1. A licence to transmit gas. 
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2. A licence to distribute gas. 
3. A licence to transmit oil.  O. Reg. 210/01, s. 18 (1). 

(2) An operating company need not be licensed if its oil transmission pipeline system is less than 20 kilometres in length. 
O. Reg. 210/01, s. 18 (2). 

(3) A licence or a renewal expires 12 months after it is issued.  O. Reg. 210/01, s. 18 (3). 
(4) A licence or a renewal shall state the date on which it is issued and the date on which it expires. O. Reg. 210/01, 

s. 18 (4). 
(5) An inspector may inspect a pipeline for the transmission of oil or gas, or a pipeline for the distribution of gas, of an 

applicant for or the holder of a licence referred to in subsection (1).  O. Reg. 210/01, s. 18 (5). 
(6) An inspector may inspect the installations and repairs performed by or on behalf of an applicant for or holder of a 

licence referred to in subsection (1) and the workmanship relating to those installations and repairs, to determine whether 
they comply with this Regulation.  O. Reg. 210/01, s. 18 (6). 

(7) No licence or renewal shall be issued until the applicant for or holder of the licence has paid the fee set by the 
designated administrative authority for an inspection under subsection (5) or (6).  O. Reg. 210/01, s. 18 (7). 
Lost or destroyed licence, etc. 

19. (1) A person who is the holder of a licence referred to in subsection 18 (1), whose licence is lost or destroyed shall 
apply for a duplicate or, where the name of the licence holder has changed, shall apply for a new licence. O. Reg. 210/01, 
s. 19 (1). 

(2) The director shall issue a duplicate licence or, where the name of the licence holder has changed, a new licence, on 
receiving an application therefor and upon payment of the fee set by the designated administrative authority.  O. Reg. 210/01, 
s. 19 (2). 

(3) The holder of a licence whose address has changed shall notify the director of the new address within 30 days of the 
change. O. Reg. 210/01, s. 19 (3). 

20. OMITTED (PROVIDES FOR COMING INTO FORCE OF PROVISIONS OF THIS REGULATION).  O. Reg. 210/01, s. 20. 

Back to top 
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IN THE MATTER OF: 

Technical Standards and Safety Act, 2000, R.S.O. 2000, c. 16, Ontario 
Regulation 223/01 (Codes and Standards Adopted by Reference), and 

Ontario Regulation 210/01 (Oil and Gas Pipeline Systems) 

The Director for the purposes of Ontario Regulation 210/01 (Oil and Gas Pipeline Systems), 
pursuant to sections 8(1) and 8(2) of Ontario Regulation 223/01 (Codes and Standards Adopted 
by Reference) and section 36(3)(a) of the Technical Standards and Safety Act 2000, R.S.O. 
2000, c. 16, hereby provides notice that the OIL AND GAS PIPELINE SYSTEMS CODE 
ADOPTION DOCUMENT published by Technical Standards and Safety Authority dated June 1, 
2001, as amended, is further amended as follows: 

All sections of the Oil and Gas Pipeline Systems Code Adoption Document (including 

previous amendments thereto) are revoked and replaced with the following: 

Background: 

This amendment to the Oil and Gas Pipeline Systems Code Adoption Document (CAD) revokes and replaces 
the previous amendment (FS-220-16, dated July 19, 2016). A delta symbol (Δ) in the left margin indicates a 
provision that is new or that has changed since the previous CAD amendment. 

The following are the most significant changes from the previous CAD amendment: 
• Security standard, CSA Z246.1 re-adopted on this version of CAD 
• Definition of “ground disturbance” changed to align with the O.Reg.210/01 
• Exemption on digester and landfill sites corrected to reflect appropriate code for the pipeline passing 

through public domain. 

Section 1 
CODES ADOPTED BY REFERENCE 

1. The Director hereby adopts and requires all persons to whom O. Reg. 210/01 (Oil and Gas 
Pipeline Systems) applies to comply with the standards, procedures and other requirements of 
the following codes and regulations: 

a) CSA Z662-15 (Oil and Gas Pipeline Systems), published by the Canadian Standards 
Association, as amended by Section 3 of this document. 

b) CSA Z276-15 (Liquefied Natural Gas (LNG) - Production, Storage and Handling), 
published by the Canadian Standards Association, 

c) CSA Z246.1-17 Security management for petroleum and natural gas industry Δ 
systems, published by the Canadian Standards Association, 
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This Standard adopted in previous Code Adoption Document (CAD), FS-196-12, which was removed 
from CAD, is being reintroduced. 
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d) CSA Z247-15 Damage Prevention for the Protection of Underground Facilities, 
published by the Canadian Standards Association, as amended by section 2 of this 
document. 

Δ Section 2 
AMENDMENTS TO CSA Z247-15 (Damage prevention for the protection of underground 
infrastructure) 

2. The following clauses and/or sections of the CSA-Z247-15 (Damage prevention for the 
protection of underground infrastructure) are amended as follows: 

(1) Ground disturbance definition is amended as follows: 
Ground disturbance — means; digging, boring, trenching, grading excavation or breaking 
ground with mechanical equipment or explosives. 

Background: 

Definition of Ground disturbance changed for consistency with O. Reg. 210\01 

Section 3 
AMENDMENTS TO CSA Z662-15 (OIL AND GAS PIPELINE SYSTEMS) 

The following clauses and/or sections of the CSA-Z662-15 (Oil and Gas Pipeline Systems) are 
amended as follows: 

(1) Clause 1.2 is deleted and substituted by the following: 

1.2 

The scope of this Standard, as shown in Figures 1.1 and 1.2, includes 

(a) for oil industry fluids, piping and equipment in onshore pipelines, tank 

farms, pump stations, pressure-regulating stations, and measuring 

stations; 

(b) oil pump stations, pipeline tank farms, and pipeline terminals; 

(c) pipe-type storage vessels; 

(d) for gas industry fluids, piping and equipment in onshore pipelines, 

compressor stations, measuring stations, and pressure-regulating 

stations; 

(e) gas compressor stations; 

(f) gas storage lines and pipe-type and bottle-type gas storage vessels; and 



 

 

  
 

 

        
 

   

       
 

   

   

    

   

    

 
 

 

 
 

    

 
   

            

     
 

       
  

 
 

  

             

                

            

 

             

    

  

    

 
 
 

 
     

 

 
 

                
                 

                
                 

               

 

 

(g) pipelines that carry gas to and from a well head assembly of a designated 
storage reservoir. 
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(2) Clause 1.3 is amended by adding the following items: 

(o) gathering systems 

Δ (p) digester gas or gas from landfill sites or waste gas within the boundary of 
the site. 

(q) multiphase fluid systems 

(r) offshore pipeline systems 

(s) oil field water systems 

(t) oilfield steam systems 

(u) carbon dioxide pipeline systems. 

Background: 

Originally digester and landfill sites were interpreted to be exempt from Z662 as they were within the 
jurisdiction of O. Reg 212/01. However, O. Reg 212/01 did not account for the possibility that the gas 
produced by digester and landfill sites would be exported or conveyed via pipeline through the public domain. 
This addition limits the exemption for these pipelines within the boundary of the sites. When pipes pass 
through the public domain, they are considered as pipeline and applicable code is CSA Z662. 

(3) Clause 2.2 is amended by adding the following clarification: 

For the purpose of this Code Adoption Document, within a gas pipeline 

system, transmission pipelines are those lines that operate at or above 30% 

of the pipe’s specified minimum yield strength (SMYS) at MOP. 

(4) Clause 3.2 is amended by renumbering the existing clause 3.2 to 3.2.1 and adding the 
following clause: 

3.2.2 

Natural gas distributors shall incorporate into the procedures for managing the 

integrity of pipeline systems required in clause 3.2.1 an action plan that includes: 

a. a description of the steps taken or that will be taken to mitigate the potential 

of penetration of sewer lines by a natural gas pipeline during trenchless 

installation; 

b. a program that raises stakeholder awareness of the potential safety issues that 

could arise when attempting to clear a blocked sewer service line beyondthe 

outside walls of a building; and 

c. an assessment of potential risks and a plan to mitigate these risks. 

Δ (5) Clause 4.1.7 is deleted and substituted with the following: 



 

 

 

    
  

    
    

 

 

 
 

     
 

   

  

   

   

   

      

    

   

 

 

   

   

   

   

   

  

   

   

   

  

   

   

    

   

    

  

   

   

  

  

   

  

 
 

              
    

4.1.7 

Steel oil and gas pipelines may be designed in accordance with the requirements of 
Annex C, Limit States Design, provided that such designs are suitable for the conditions 
to which such pipelines are to be subjected, and provided that the design has been 
reviewed and approved by the Director prior to installation or use. 
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Background: 

An editorial change. Previous version of CAD had mistakenly referred to section 4.1.8. That mistake is 
corrected in this version. 

(6) Clause 4.3.4 is amended by adding the following clauses: 

4.3.4.9 High consequence areas 

4.3.4.9.1 Definitions 

The following definitions apply to the remainder of clause 4.3.4: 

Assessment means the use of testing techniques set out in this section to 

ascertain the condition of a covered pipeline segment. 

Covered segment or Covered pipeline segment means a segment of oil or gas 

transmission pipeline located in a high consequence area. The terms “oil”, 
“gas” and “transmission" are defined in O. Reg. 210/01 

High consequence area means 

(a) for a gas transmission pipeline, an area defined as: 

(i) a Class 3 location under CSA Z662-15, Clause 4.3.3; 

(ii) a Class 4 location under Clause 4.3.3; 

(iii) any area in a Class 1 or Class 2 location where the 

potential impact radius is greater than 200 metres and 

the area within the potential impact circle contains 20 or 

more buildings intended for human occupancy; or 

(iv) any area in a Class 1 or Class 2 location where the 

potential impact circle contains an identified site; and 

(b) for an oil pipeline, an area containing: 

(i) a commercially navigable waterway, which means a waterway 

where a substantial likelihood of commercial navigation exists; 

(ii) a high population area, which means an urbanized area, as 

defined and delineated by the latest Statistics Canada Census, 

that contains 50,000 or more people or has a population 

density of at least 385 people per square km; 

(iii) any other populated area and/or place, as definedy the latest 

Statistics Canada Census, that contains a concentrated 

population, such as an incorporated or unincorporated city, 

town, village, or other designated residential or commercial 

area; or 
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(iv) an unusually sensitive area, as defined in company’s pipeline 

integrity management program. 
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Identified site means, for Class 1 and Class 2 locations, any of the following 

areas: 

(a) an outside area or open structure that is occupied by twenty (20) 

ormore persons on a minimum of fifty (50) consecutive or non-

consecutive days in anytwelve-month (12) period. Examples 

include but are not limited to: beaches, playgrounds, recreational 

facilities, camping grounds, outdoor theaters, stadiums, 

recreational areas near a body of water, and areas outside rural 

building such as a religious facility; 

(b) a building that is occupied by twenty (20) or more persons on a 

minimum of five (5) consecutive or non-consecutive days in any 

given week for at least ten (10) weeks in any twelve-month (12) 

period. Examples include, but are not limited to, religious facilities, 

office buildings, community centers, general stores, 4-H facilities, 

sporting and entertainment facilities; or 

(c) a facility occupied by persons who are confined, are of impaired 

mobility, or would be difficult to evacuate. Examples include but 

are not limited to hospitals, prisons, schools, day-care facilities, 

retirement facilities and assisted-living facilities. 

Potential impact circle, for natural gas or HVP pipelines systems, is a circle of radius 

equal to the potential impact radius (PIR). 

Potential impact radius (PIR) means the radius of a circle within which the potential 

failure of a pipeline could have significant impact on people or property, determined 

by the following formula: 

r = 0.00313 times square root of (pd2) 

where: 

r is the radius of the circular area surrounding the point of failure in 

meters (m) p is the MOP of the pipeline in kPa d is the nominal diameter 

of the pipeline in mm 

NOTE: 0.00313 is the factor for natural gas based on conversion from a formula used in 

GRI-00/0189. This number will vary for other gases depending upon their heat of 

combustion. An operator transporting gas other than natural gas shall refer to 

ASME/ANSI B31.8 S for the formula to calculate the potential impact radius. 

Background: 

This is an editorial change. The formula had a typographical error in the previous version of the CAD and it 
is corrected in this version. 

4.3.4.9.2 Identification of high consequence areas 

(a) General. Operating companies shall identify which segments of its oil and gas 



 

 

  

  

  

    

 

     

  

    

           

   
    

      

           

           

  

             

   

     
    

 

   

   

    

     

    

   

   

 

   

 

 

 
    

 

              

            

   

   

 
 

   

    

      

        

 

 
   

 
 
     

 

 

transmission pipeline system are in high consequence areas. The operatormust 

describe in its integrity management program the method used to establish high 

consequence areas, including the determination of the potential impact radius. 
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(b) Identified sites. The operator shall identify identified sites by: 

(i) using information the operator has obtained from routine operationand 

maintenance activities; and 

(ii) obtaining information about locations that are likely to meet the criteria 

for identified sites from public officials with safety or emergency response 

or planning responsibilities (such as officials from local emergency 
planning response agencies or from municipal planning departments). 

(c) Identified sites – where public officials cannot assist. If the public officials 

mentioned above are unable to provide information useable to identify potential 

identified sites, the operator shall review and use the following information, as 

appropriate, to identify potential identified sites: 

(i) the presence of signs, public notices, flags or other markings that suggest 

that the area may qualify as an identified site; and 

(ii) the existence of publicly available information, including online andat 
local land registry offices, that suggests the area may qualify as an 
identified site. 

(d) Newly identified high consequence areas. When an operator obtains information 

suggesting that the area around a pipeline segment not previously identified as a 

high consequence area could constitute a high consequence area, the operator 

shall evaluate the area to determine if the area is a high consequence area. If 

the segment is determined to constitute a high consequence area, it must be 

incorporated into the operator’s baseline assessment plan as a high consequence 

area within one year from the date the area is identified. 

Note: Pipeline operators shall keep records of the above requirements pursuant Δ 
to section 3.1.2 (f) (v) of CSA Z662-15. 

Background: 

Note section was added to reiterate the requirements of “record keeping” which is essential part of Integrity 
Management Program. 

4.3.4.10 Operator’s responsibility to implement this clause 

4.3.4.10.1 

An operator of a covered pipeline segment shall develop and follow a written program 

(as part of the pipeline system integrity management program (IMP)) that contains all 

the elements described in the IMP and that addresses the risks associated with each 

covered transmission pipeline segment. 

4.3.4.10.2 Implementation standards 

An operator may use an equivalent standard or practice as required by clause 4.3.4 

only when the operator demonstrates in its Integrity Management Program that the 

alternative standard or practice provides an equivalent level of safety to the public and 

property. 

4.3.4.11 Risk assessment 

https://4.3.4.11
https://4.3.4.10
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The operator shall conduct a risk assessment that follows Annex B Guidelines for risk 

assessment of pipelines falling within the scope of CSA Z662-15 for each covered 

segment. The risk assessment shall include the high consequence areas and determine 

if additional preventive or mitigation measures are needed. 

The operator shall prioritize the covered pipeline segments according to risk. 

4.3.4.12 Remediation 

For each covered segment, the operator shall develop and establish measures to 

prevent or reduce the probability of an incident and to limit the potential 

consequences thereof. 

These measures shall include conducting a risk analysis of the pipeline segment 

to identify additional measures to enhance public safety or environmental 

protection. Such measures may include, but are not limited to: 

(a) establishing shorter inspection intervals; 

(b) installing emergency flow restricting devices (remote operated valves, check 

valves and automatic shut off valves, as applicable); 

(c) modifying the systems that monitor pressure or detect leaks, as applicable; 

(d) providing additional training to personnel on response procedures; 

(e) conducting drills with local emergency responders; and 

(f) adopting other management controls. 

Evacuation procedures shall take into consideration the PIR. 

For oil pipeline segments located in high consequence areas, the operating 

company shall provide the Ontario Ministry of Natural Resources and Forestry 

(MNRF) and the Ontario Ministry of Environment and Climate Change (MOECC) an 

opportunity to comment on the company’s contingency plan for leaks or spills 
and shall address any comments provided by MOECC or MNRF. 

(7) Table 4.2 is amended by substituting the requirements for LVP (non-sour services) with 
the following: 

Class 1 Class 2 Class 3 Class 4 

location location location location 

Transmission lines (refined products) 1.000 0.900 0.700 0.550 

Uncased railway crossings 0.625 0.625 0.625 0.625 

This requirement is not retroactive and applies to new pipelines only. 

(8) Clause 7.10.3.2 is deleted and substituted with the following: 

7.10.3.2 

For HVP and for sour service pipeline systems, all butt welds shall be inspected 

by radiographic or ultrasonic methods, or a combination of such methods, for 

100% of their circumferences, in accordance with the requirements of clause 

7.10.4. 

https://4.3.4.12
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(9) Clause 10.3.8.1 is deleted and substituted with the following: 

10.3.8.1 

Prior to a change in service fluid, including from non-sour service to sour service, 

the operating company shall conduct an engineering assessment to determine 

whether the pipeline systems would be suitable for the new service fluid. The 

assessment shall include consideration of the design, material, construction, 

operating, and maintenance history of the pipeline system and shall be submitted 

to the Directorfor approval. 

(10) Clause 10.3 is amended by adding the following clause: 

10.3.11 

For the protection of the pipeline, the public and the environment, the operating 

company shall develop a pipeline integrity management program for steel 

pipelines operated at 30% or more of the SMYS of the pipe at MOP that complies 

with the applicable requirements of clause 3.2 of CSA Z662-15. 

(11) Clause 10.5.2 is amended by adding the following clauses: 

10.5.2.5 Emergency communication meetings 

The operator of a transmission pipeline shall conduct meetings with local 

authorities, inviting police, firefighting authorities, Ontario Ministry of 

Transportation (MTO), Ministry of Natural Resources and Forestry (MNRF), Ministry 

of the Environment and Climate Change (MOECC), local conservation authorities 

and TSSA, to explain to the authorities the characteristics of the pipeline system 

the operator operates, the type of fuels being transported and the typical 

behavior of these fuels in case of uncontrolled escapes or spills and the 

capabilities and the coordination requiredto respond to pipeline emergencies. 

These meetings shall be conducted at intervals not exceeding five years at locations 

that ensure the key stakeholders can attend. The meetings shall be prioritized to 

correspond to the operating company’s prioritization of the covered pipeline segments 

according to the risk. 

10.5.2.6 

Operating companies shall prepare an emergency response plan and make itavailable 

on request, to local firefighting authorities, as well as the authorities referred to in 

clause 10.5.2.5. 

(12) Clause 10.6 is amended by adding the following clause: 

10.6.5 Right-of-way encroachment 

10.6.5.1 

No person shall construct, erect or install any structure or tangible item on or within the 

pipeline right-of-way, including but not limited to patios, concrete slabs, buildings, pool 

houses, garden sheds, swimming pools, hot tubs, fish or other man-made ponds, saunas 

or fences, unless written permission is first obtained from the operating company. 
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10.6.5.2 

No person shall deposit or store any flammable material, solid or liquid spoil, refuse, 

waste or effluent on or within the pipeline right-of-way. 

10.6.5.3 

Notwithstanding the above, operating companies may erect structures required for 

purpose of pipeline system operation on the pipeline right-of-way. 

10.6.5.4 

No person shall operate a vehicle or mobile equipment except for farm machinery or 

personal recreation vehicles across or within a pipeline right-of-way unless written 

permission is first obtained from the operating company or the vehicle or mobile 

equipment is operated within the travelled portion of a highway or public road already 

existing in the pipeline right-of-way. 

10.6.5.5 

Operating companies shall develop written procedures for periodically determining the 

depth of cover for pipelines operated over 30% of SMYS of the pipe at MOP. Such 

written procedures shall include a rationale for the frequency selected for such depth 

determinations. Where the depth of cover is found to be less than 60 cm in lands being 

used for agriculture, an engineering assessment shall be done in accordance with 

clause 3.3 and a suitable mitigation plan shall be developed and implemented to 

ensure the pipeline is adequately protected from hazards. 

(13) Clause 10.15.1.2 is amended by adding the following items: 

(e) maintain warning signs and markers along the pipeline right-of-way; 

(f) maintain existing fences around above ground pipeline facilities; and 

(g) empty tanks and purge them of hazardous vapours within 60 days of deactivation. 

(14) Clause 12.4.11.1 is renumbered as clause 12.4.11.1.1. Clause 12.4.11 is amended by adding 
the following clauses: 

12.4.11.1.2 

All new and replacement natural gas service regulators shall comply with the 

requirements of CSA 6.18-02 (R2008) (Service Regulators for Natural Gas), published 

by the Canadian Standards Association, including the Drip and Splash Test contained 

in Appendix A of the said standard. Where a regulator-meter set installation or 

supplemental protective devices provides equivalent protection against regulator vent 

freeze up passes a successful test in accordance with Appendix C of the said standard, 

the requirements of Appendix A (Drip and Splash Test) and those contained in clause 



 

 

              

     

  

 

  

  

 
 

     
 

 

               

  

   

   

     

 

 
  

     
 

      

      

      
 

      

      

      

 

  

    

  

             

   

              

    

   

  

    

 
 
 

    
 

 

   

         

14.15 (Freezing Rain Test) of the standard are waived. Evidence of tests completed in 

accordance with Appendix C of the standard shall be retained by the operating 

company as permanent records. 
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12.4.11.1.3 

Regulator-meter set configurations shall be included in the operating company’s 
operating and maintenance procedures. 

(15) Clause 12.4.15.6 is revoked and substituted with the following: 

12.4.15.6 

Where regulator failure would result in the release of gas, open ends of the vents 

shall be located where the gas can escape freely into the atmosphere and away from 

any openings in the buildings. Clearances from building openings shall be 

commensurate with local conditions and the volume of gas that might be released, 

but shall notbe less than those set out in the following table: 

Clearance from service regulator vents discharge (m) 

Column: I II III IV 

Building opening 0.3 1 3 1 

Appliance vent outlet 0.3 1 1 1 

Moisture exhaust duct (dryers) 1 1 1 1 

Mechanical air intake 1 3 3 3 

Appliance air intake 0.3 1 3 3 

Source of ignition 0.3 1 1 3 

Column I applies to natural gas regulators certified under CSA 6.18 

standard, incorporating an OPCO system and with a limited relief of 

1.5m3/h. 

Column II applies to natural gas regulators certified under CSA 6.18 standard (if 

within the scope of the standard) with a relief capacity up to 55 m3/h. 

Column III applies to natural gas regulators with a relief capacity over 55 m3/h. 

Column IV applies to propane regulators. 

Where regulators may be submerged during floods, either a specialanti-flood-

type breather vent fitting shall be installed or the vent line shall be extended 

abovethe height of the expected flood waters. 

(16) Clause 12.4.15 is amended by adding the following item: 

12.4.15.10 

No person other than an employee or person authorized by the distributor shall 

interfere with or perform any alterations, repairs, tests, services, removals, 

https://12.4.15.10


 

 

   

  
 

 

     
 

              

   

  

    

   

             

              

   

   

   

   

 

 

      
 

 

    

    

  

  

 

 
  

  
 
 

              
         

   
 
 
 

  

  
 
 

      
    

    
    

  
 
 
 

  
  

 

changes, installations, connections, or any other type of work on the 

distributor’s system. 
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(17) Clause 12.10.12 is amended by adding the following items: 

(e) For polyethylene piping installed in Class 1 and Class 2 locations, the upgraded 

maximum operating pressure shall not exceed the design pressure calculated in 

accordance with the requirements of Clause 12.4.2; and 

(f) For polyethylene piping installed in Class 3 and Class 4 locations, the upgraded 

maximum operating pressure shall not exceed the design pressure calculated in 

accordance with the requirements of clause 12.4.2 with a combined design factor and 

temperature derating factor (F x T) of 0.32, unless the operating company conducts an 

engineering assessment to determine whether it would be suitable for the existing 

polyethylene piping to be operated at the new pressure. The assessment shall include 

consideration of the design, material, construction, operating, and maintenance 

history of the pipeline system and be submitted to the Director for approval. 

(18) Clause 12.10 is amended by adding the following clause: 

12.10.16 

Operating companies shall establish effective procedures for managing the integrity of 

pipeline systems operated at less than 30% of SMYS of the pipe at MOP (Distribution 

Systems) so that they are suitable for continued service, in accordance with the 

applicable requirements of clause 3.2 of CSA Z662-15. 

Section 4 
POLYETHYLENE PIPE CERTIFICATION 

3. Polyethylene piping and fittings that are used in a polyethylene gas pipeline shall be certified by a 
designated testing organization accredited by the Standards Council of Canada as conforming to 
CSA-B137.4 (Polyethylene Piping Systems for Gas Services). 

Section 5 
WELDER QUALIFICATION 

4. Welds shall not be made in any steel pipe that forms or is intended to form a part of a steel oil or gas 
pipeline or a component of a steel pipeline unless the welding procedures have been approved and 
the welder is qualified to make the weld in accordance with the requirements of CSA-Z662-15 (Oil 
and Gas Pipeline Systems) and is the holder of the appropriate authorization issued under O. Reg. 
220/01 (Boilers and Pressure Vessels) made under the Act. 

Section 6 
EFFECTIVE DATE; MISCELLANEOUS 

https://12.10.16
https://12.10.12
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Page 12 of 125. (1) This Code Adoption Document amendment is in effect on February 15, 2018. 

(2) Where there is a conflict between this document and a code, standard or publication adopted 
by this document, this document prevails. 

(3) Any reference to “Director” in a code, standard or publication adopted by this document 
means the Director for the purposes of O. Reg. 210/01 (Oil and Gas Pipeline Systems). 

DATED at Toronto, Ontario, this 15th day of February 2018. 

ORIGINAL SIGNED BY 

John Marshall 
Director, O. Reg. 210/01 (Oil and Gas Pipeline Systems) 

Any person involved in an activity, process or procedure to which this document applies shall comply with this document. 
This document was developed in consultation with the Pipeline Risk Reduction Group 

Fuels Safety Program, Technical Standards and Safety Authority 

345 Carlingview Drive, Toronto, ON M9W 6N9, Tel: (416) 734-3300 Fax: (416) 231-7525 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 1, Schedule 1, page 10 / Exhibit F, Tab 1, Schedule 1, Attachment 1 

Question: 

a) Enbridge explains that it is proceeding with constructing loop S1 or Phase 1 of the 
project. The public consultation identifies Phase 2 as approximately 5.5 km of 
pipeline in the Cachet and Rodick Road-Unionville area.  Phase 2 is also discussed 
in some detail at Exhibit F (letter of January 4, 2019 to Ministry of Energy, Northern 
Development and Mines).  Please explain when Phase 2 is contemplated and under 
what condition it will proceed. 

Response: 

Enbridge Gas does not have an immediate plan to undertake Phase 2 of the Project, 
and no definitive date is under contemplation for the near future. Phase 1 is anticipated 
to be sufficient to begin the initial investigation and validation into the blending of 
hydrogen into a portion of the natural gas distribution system. 

As work has been done on Phase 2, the conditions under which Phase 2 would proceed 
would be dependent on several variables which may include positive validation from 
Phase 1 as well as demand or requirement for further expansion of decarbonization of 
the distribution system. A leave to construct application would most likely be necessary 
to undertake Phase 2, because of work required for connection to Phase 1 and isolation 
from other parts of the Enbridge Gas system. 
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit C, Tab 1, Schedule 1, Attachment 4 /Exhibit E, Tab 1, Schedule 1, page 2 

Question: 

a) Please update of the status of acquisition permits as shown in Table 1 of Exhibit E. 

b) Has Enbridge received the required easements from the City of Markham and Hydro 
One Networks? 

Response: 

a) All of the permits and authorizations shown in Table 1 of Exhibit E, Tab 1, Schedule 
1 will be applied for when leave to construct for the Project is granted by the Board. 

b) Enbridge Gas will not require an easement from Hydro One or the City of Markham. 
The gas main will be installed in the road allowance and will not be installed in any of 
Hydro One’s registered easements. 

https://I.VECC.10
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit C, Tab1, Schedule 1, Attachment 4, page 53 

Question: 

a) Enbridge states that it has completed a study on appliances in the blended gas 
distribution area.  Please provide this study. 

b) Has Enbridge undertaken a study or reviewed an existing study on the impact of 
hydrogen fuel on common household natural gas appliances (i.e. furnaces, stove-
ovens, water tanks and clothes dryers)?  If yes please provide that study or studies. 

Response: 

a) and b) Please see the response to Exhibit I.H2GO.1. 

https://I.VECC.11
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 2, Schedule 4 / Exhibit D, Tab 1, Schedule 1, page 7 

Question: 

a) Please confirm or correct that hydrogen at certain concentrations is known to have a 
detrimental impact (embrittlement) on some types of steel pipe. 

b) Please explain why this issue is not a concern with respect to natural gas burners 
and other steel-based customer equipment. 

c) Enbridge notes that it will be testing pipeline additions “in accordance to guidelines 
from the Canadian Hydrogen Installation Code.” What incremental requirements 
are incorporated in this Code that would not normally be done if the pipeline was 
anticipated only to carry unadulterated natural gas? 

Response: 

a) Confirmed. Please refer to Exhibit I.STAFF.6 (a) for additional details. 

b) Natural gas burners are to be made of corrosion resistant steel. The 2% hydrogen 
by volume mixture in the studied area is not expected to impact this equipment. 
These materials are not susceptible to the detrimental effects of hydrogen at the 
blending levels contemplated. The consultant familiar with town gas applications has 
determined through literature search and field tests that corrosion-resistant steels in 
burners have no limitations from the addition of hydrogen at the studied levels. 

c) The Canadian Hydrogen Installation Code is only applied to pure hydrogen pipelines 
and facilities. It will be applied to the proposed hydrogen blending station. After 
hydrogen is blended with natural gas the standard that applies is CSA Z662. 

https://I.VECC.12
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit B, Tab 2, Schedule 4 / Exhibit D, Tab 1 

Question: 

a) Please confirm (or correct) that hydrogen has a different permeation coefficient than 
methane? 

b) Given that hydrogen is a much smaller molecule than methane does it have a higher 
tendency to leak (at seals, meters etc.) than unadulterated (methane) natural gas? 
If so, please explain what steps are taken to mitigate this effect. 

c) Please explain what impact hydrogen may have on the accuracy of existing gas 
meters. 

d) Please explain what steps will be taken during the pilot program to understand the 
impact of hydrogen blending on distribution pipes, meters and customer equipment. 

Response: 

a) This is correct. Refer to Exhibit I.STAFF.6 b) for more detail. 

b) Although the permeation rate of hydrogen in seals is higher than methane, the 
leakage rate of hydrogen is extremely low due to the small surface area. 
Additionally, since the permeation is related to the partial pressure, at the blending 
levels for this project, this impact is further reduced. Refer to Exhibit I.STAFF.6 b) for 
more detail. 

c) Please refer to Exhibit I.FRPO.1. There are three types of gas measurement 
equipment used in the area of study: diaphragm, rotary and ultrasonic. Diaphragm 
and rotary meters are positive-displacement meters that operate on the principle of 
using a fixed volumetric space that fills and empties as the meter turns. As this 
volume is fixed, the volume of the blended gas will be measured in the same way 
with low partial pressures of hydrogen. An ultrasonic meter measures the velocity of 
the gas using ultrasound to calculate the volumetric flow. The gas composition 

https://I.VECC.13
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impacts the acoustic properties of the gas, which can change the measurement 
accuracy. The addition of hydrogen can affect the measurement accuracy if it 
changes the density or viscosity of the blended gas compared to natural gas. The 
ultrasonic meters installed in these networks are smaller scale models. The 
manufacturer confirmed the suitability of their ultrasonic meters with up to 5% by 
volume hydrogen. 

d) Refer to Exhibit I.FRPO.14 for the response on distribution equipment. Enbridge 
Gas does not expect any adverse impact on customer appliances (see Exhibit 
I.FRPO.8(b)) but will consider follow-up and customer surveys if evidence emerges 
of customer equipment issues. 

https://I.FRPO.14
https://I.VECC.13
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ENBRIDGE GAS INC. 
Answer to Interrogatory from 

Vulnerable Energy Consumers Coalition (VECC) 

INTERROGATORY 

Reference: 

Exhibit D, Tab 1, Schedule 1, page 13 

Question: 

a) Please clarify which line items (1-10) in Table 8 attract a 40% contingency and which 
attract a 25% contingency. 

b) Please explain more fully what “specialized” equipment or design requirements are 
uncertain and therefore the costs less certain. 

Response: 

a) and b) Please see Exhibit I.CCC.17 d) 

https://I.CCC.17
https://I.VECC.14
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