
 
 
 
 

 
 
 

Stephanie Allman 
Regulatory Coordinator 
 

tel 416-495-5499 
EGIRegulatoryProceedings@enbridge.com 

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

June 19, 2020 
 
 
VIA EMAIL and RESS 
 
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 (OEB) File:  EB-2019-0294 
     Low Carbon Energy Project – Interrogatory Responses                    
 
Further to the interrogatory responses filed by Enbridge Gas on June 15, 2020, 
enclosed please find the following outstanding responses. 
 

• Exhibit I.FRPO.4 
• Exhibit I.H2GO.4 
• Exhibit I.SEC.1 
• Exhibit I.SEC.9 

 
The attachment to SEC 9 has been redacted to remove confidential information.  The 
redacted version of the document is filed with this letter.  In accordance with the OEB’s 
revised Practice Direction on Confidential Filings effective October 28, 2016, the 
unredacted version of the attachment to SEC 9 will be sent separately via email (with 
accompanying cover letter) to the Board. 
 
Please contact the undersigned if you have any questions. 

Yours truly, 

(Original Signed) 

Stephanie Allman 
Regulatory Coordinator 
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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  

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: 
 
 
 
 
 



 Filed: 2020-06-19 
 EB-2019-0294 
  Exhibit I.H2GO.4 
 Page 2 of 2 
  
 

 

PtG Plant Electricity 
Consumption (annual 
average) (kWh) 

PtG Plant Hydrogen 
Production (annual 
average) (m3) 

Quantity of 
Hydrogen Blended 
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 
Consumption (annual 
average) (kWh) 

PtG Plant Hydrogen 
Production (annual 
average) (m3) 

Quantity of 
Hydrogen Blended 
into BGA (m3) 

See Exhibit I.ED.3 for 
an estimate of the 
electricity required to 
produce hydrogen on a 
per m³ basis.   

See Exhibit I.FRPO.4. ~200,000 m3/y 

 

 
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  

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. 
 
 
 
 
 
 



Filed:  2020-06-19 
EB-2019-0294 
Exhibit I.SEC.1 
Attachment 1 
Page 1 of 177 

HYDROGEN BLENDING PRESENTATIONS 



HYDROGEN BLENDING 
and 

POWER-to-GAS (PtG)

January 13, 2017



• Business Objective

• Problem Statement

• Scope of Required Work

• Progress to Date

• Recommendation on Next Steps

• Discussion

AGENDA

2



• 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

BUSINESS OBJECTIVE

3



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.

Problem Statement

4



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.

ENGINEERING WORK REQUIRED

5



• 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

FINDINGS TO DATE
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• 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

FINDINGS TO DATE
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• 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

FINDINGS TO DATE
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• 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

FINDINGS TO DATE
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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

Options to Proceed
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• Join industry efforts

• Influence to leverage efforts between North
America and Europe

• Chair North American P2G Group – Dana Stojic

• Continue defining EGD requirements.

Recommendations & Next Steps

11



Sponsor Update    January 19, 2017

Power to Gas – Project Execution

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



Sponsor Update    February 16, 2017

Power to Gas – Project Execution

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



HYREADY Kickoff Meeting Update

Power to Gas 16

– 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



HYREADY Kickoff Meeting Update Cont. 

Power to Gas 17

– 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.



The Current HYREADY Consortium

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

H2/n.
g.



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



Power to Gas 22



Sponsor Update    March16, 2017

Power to Gas – Project Execution

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



Power to Gas 10Power to Gas 10

New Business – Hydrogen Activities  

Power to Gas 10

– 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)



Sponsor Update   May 25, 2017

Power to Gas – Project Execution

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

• 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

H2
 Blending Work H2 Pipeline Scope H2 Injection Station  

Total Blending 
Costs

1,320,000$                  1,867,000$                    883,500$                    Subtotals 4,070,500


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.

Power to Gas 18



Power to Gas –
Project Execution
Engineering – Michael Wagle /  Mohamed Chebaro / Dana Stojic
Business Development – Scott Dodd / David Teichroeb

Sponsor Update   August 23, 2017



PtG
Hydrogen Blending



PtG Hydrogen Blending

SLIDE 13

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



PtG Hydrogen Blending

SLIDE 14

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



PtG Hydrogen Blending

SLIDE 15

Engineering Project Scope



PtG Hydrogen Blending

SLIDE 16

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)



PtG Hydrogen Blending

SLIDE 17

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?
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Power-to-Gas Phase 2 
Status Review 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 



Power-to-Gas Phase 2 
Status Review 

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  

On track 

Lagging but not on critical path 

Lagging and on critical path 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 



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 1 
• Loop S1 
• ~4,000 customers 
• 0-10% Plant 

Capacity* 

Phase 2 
• Loop S1A 
• ~7,000 customers 
• 10-20% of Plant 

Capacity* 
 

Phase 3 
• Loop S1B 
• ~6,000 customers 
• 20-30% of Plant 

Capacity* 

*based on current plant capacity and 3,000 hours of 
operation per year 
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Power-to-Gas Phase 2 
Status Review 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 



Power-to-Gas Phase 2 
Status Review 

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  

On track 

Lagging but not on critical path 

Lagging and on critical path 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 



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 

Phase 1 
• Loop S1 
• ~4,000 
customers 

Phase 2 
• Loop S1A 
• ~7,000 customers 
 

Phase 3 
• Loop S1B 
• ~6,000 
customers 

91% 

9% 

Material- Mains by Length (S1, S1A, S1B) 

PLASTIC

STEEL

94% 

4% 2% 

Material- Services by Number (S1, S1A, S1B) 

PLASTIC

STEEL

COPPER



Power-to-Gas Phase 2:
Hydrogen Blending

Manager, Engineering Customer Safety, Compliance and Growth Chief Engineer

EGD/UG Joint Executive Meeting

Mohamed Chebaro  Mike Wagle

June 6, 2018



Business Growth Initiatives Lifecycle
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Power-to-Gas Technology Overview
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Existing Hydrogen Blending Projects

• 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%)

France, Germany, UK and USA

4
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Program Overview
Six Work Streams

• CGA/AGA Task Force Information Letter
• HYREADY Engineering Guideline Report

A. Research and Development:

• 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

B. Integrity, Engineering and Capacity Assessment

6



Program Overview
Six Work Streams

• 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

C. End User Equipment Engineering and Integrity System

• 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 

D. Engineering Design and Review

7



Program Overview
Six Work Streams

• Qualitative and quantitative risk assessments for upstream and downstream components
• Uncertainty analysis based on research, testing and consultant recommendations

E. Risk Assessment

• Final Engineering recommendation and position based on all the above
F. Engineering Assessment 
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Overview of Initial Closed Loop Candidates

9



Probable Closed Loop Candidates

Phase 1
•Loop S1
•~4,000 customers
•0-10% Plant 
Capacity*

Phase 2
•Loop S1A
•~7,000 customers
•10-20% of Plant 
Capacity*

Phase 3
•Loop S1B
•~6,000 customers
•20-30% of Plant 
Capacity*

*based on current plant capacity and 3,000 
hours of operation per year
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Hydrogen Utilization for Closed Loops
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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)

• Gas species separated from a mixture of gases 
under pressure according to the species’ affinity 
for an adsorbent material

Membrane 
Separation

• Drives to equilibrium across permeable membrane 
and partial pressures on each side used to 
separate out the H2 molecule

Electrochemical 
Hydrogen 

Separation 
(Hydrogen Pumping)

• Process gas passes across fuel stacks
• Current applied across the stack to atomically 

dissociate hydrogen from process gas and re-
associate it in hydrogen on the product side.  

14



Hydrogen Utilization

15

Data Derivation
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Hydrogen Blending 
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Engineering 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
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Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 



Power-to-Gas Phase 2 
Status Review 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 



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 

• 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 

First Preliminary Pipeline Design Second Preliminary Pipeline Design 



Power-to-Gas Phase 2: 
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Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 

* 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 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 

* 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 

A. Research and Development: 

Continue building and optimizing the Hydrogen Blending Database 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 

5 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 
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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 

• 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) 

First Preliminary Pipeline Design Second Preliminary Pipeline Design Third Preliminary Pipeline Design 

9 
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Engineering Update: 
Hydrogen Blending 

August 28, 2018  

PtG Blending Phase Project Meeting (Revised Version) 

Prepared by: Engineering Growth Team 

Engineering Attendees:  
Mike Wagle, Mohamed Chebaro, Ramses Atilano 



2 
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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 
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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 



5 

Cost-Benefit Analysis of Design Options – Class 5 Estimates 
Option 3A presents the most value based on selection criteria 

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

Cost Benefit - Design Options 

S1 + S1A + S1B 

$3.1M 

$26M 

$9.1M 
$11.9M 

$16.4M $15.9M 

* Budgetary estimate from BD is $9-10M, including research 

S1 

S1 

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 
XHP is not preferred for blended gas at this point. 
The construction estimate for the HP main is not 
feasible. 

BASE CASE - Utilization 22.9% with 100% 
predicted constant concentrations.  

3A 
NPS 6 and 8 PE, IP.  In line with existing business 
practices and procedures. 

Utilization 1.9% less than option Options 1 and 2 
with 84.5% of the predicted time with constant 
Hydrogen concentrations. 

3A-2 

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. 

Utilization 0.2% less than option Options 1 and 2 
with 98.0% of the predicted time without constant 
concentrations. 

3B 
Potential operational concerns and Permits for the 
proposed twinned mains because this area already 
has existing dual mains. 

Utilization 0.3% less than option Options 1 and 2 
with 96.5% of the predicted time without constant 
concentrations. 

3B-2 

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. 

Utilization marginally less than option Options 1 and 
2 with 99.6% of the predicted time without constant 
concentrations. 
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Justification for Adding S1A and S1B 
Loop S1 vs S1 + S1A + S1B 

 
 

Loop Material 
Composition Vintage Value (Upstream) Value (End-User) Value (H2 

Utilization) Effort Required (Research/Records) 

S1A 

Mains:  
98% Plastic 
2% Steel 
 
Services: 
90% Plastic 
10% Steel 

Almost all pipes 
were installed 
between 1980 and 
2012. Some PE 
pipe was installed 
pre-1980 (Aldyl-A). 

This loops offers an 
acceptable representation of 
the EGD network as it 
contains both new and older 
pipelines. 

This survey will 
provide some visibility 
into older appliances, 
so the impacts of H2 
on their performance 
can be assessed. 

6,700 additional 
customers, 
7% 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. 

S1B 

Mains: 
77% Plastic 
23% Steel 
 
Services: 
91% Plastic 
9% Steel 

Installation dates 
range from 1958 to 
2012. 

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. 

5,900 additional 
customers, 
8% more H2 
utilization 
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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 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 



Power-to-Gas Phase 2 
Roadmap 

A B C D 

E 
F 2 



Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 

* 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 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 

* 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 

A. Research and Development: 

Continue building and optimizing the Hydrogen Blending Database 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 
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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 

8 



Power-to-Gas Phase 2 

9 

Evolution of Closed Loop Pipeline Design 

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 

• 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 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 

Evolution of Closed Loop Pipeline Design 

Proposed NPS 8 and 6 PE IP for blended gas 
Proposed NPS 6 XHP ST for natural gas 

Option 3A 



Power-to-Gas Phase 2: 
Hydrogen Blending 
October 2018 

Engineering 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 



Power-to-Gas Phase 2 
Roadmap 

A B C D 

E 
F 2 



Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 

* 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 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 

* 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 

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  

On track 

Lagging but not on critical path 

Lagging and on critical path 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 

6 



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 

• 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 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 

Evolution of Closed Loop Pipeline Design 

Proposed NPS 8 and 6 PE IP for blended gas 
Proposed NPS 6 XHP ST for natural gas 

Option 3A 



Power-to-Gas Phase 2  

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). 
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Preliminary Emission Impact from Hydrogen Blending 

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. 
 
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
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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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Option 3A – Feed to Closed Loops

Hydrogen pipeline Injection point
Blended pipeline Pure NG pipeline

Compressor * District Station

NG Feed from NPS 
30

Why not NG feed 
from Vic Square?

• Pipeline design in 
line with current 
business practices,
codes and 
regulations

• Allows gathering 
pertinent 
information while 
minimizing 
additional risk

• Utilizes a relatively 
new portion of the 
system in a 
controlled 
environment

• Long distance / 
increased costs

• 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, 
which is currently 
under evaluation 
(codes, standards)
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Option 3A – Future Expansion

Hydrogen pipeline Injection point
Blended pipeline Pure NG pipeline

Compressor * District Station

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
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Cost-Benefit Analysis of Design Options – Class 5 Estimates
Option 3A presents the most value based on selection criteria

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

Cost Benefit - Design Options

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 555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555555

2.222222222222222222222222222222222222222.0000000000000000000000000000000000000000000000

2222.222.2.2222.222.222.2222222.2222222.2.55555S1

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
XHP is not preferred for blended gas at this point. 
The construction estimate for the HP main is not 
feasible.

BASE CASE - Utilization 22.9% with 100%
predicted constant concentrations. 

3A
NPS 6 and 8 PE, IP.  In line with existing business 
practices and procedures.

Utilization 1.9% less than option Options 1 and 2 
with 84.5% of the predicted time with constant 
Hydrogen concentrations.

3A-2

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.

Utilization 0.2% less than option Options 1 and 2 
with 98.0% of the predicted time without constant 
concentrations.

3B
Potential operational concerns and Permits for the 
proposed twinned mains because this area already 
has existing dual mains.

Utilization 0.3% less than option Options 1 and 2 
with 96.5% of the predicted time without constant 
concentrations.

3B-2

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.

Utilization marginally less than option Options 1 and 
2 with 99.6% of the predicted time without constant 
concentrations.
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Justification for Adding S1A and S1B
Loop S1 vs S1 + S1A + S1B

Loop Material 
Composition Vintage Value (Upstream) Value (End-User) Value (H2

Utilization) Effort Required (Research/Records)

S1A

Mains:
98% Plastic
2% Steel

Services:
90% Plastic
10% Steel

Almost all pipes 
were installed 
between 1980 and
2012. Some PE 
pipe was installed 
pre-1980 (Aldyl-A). 

This loops offers an 
acceptable representation of 
the EGD network as it 
contains both new and older 
pipelines.

This survey will 
provide some visibility 
into older appliances, 
so the impacts of H2
on their performance 
can be assessed. 

6,700 additional
customers,
7% 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. 

S1B

Mains:
77% Plastic
23% Steel

Services:
91% Plastic
9% Steel 

Installation dates 
range from 1958 to 
2012. 

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. 

5,900 additional
customers,
8% more H2
utilization
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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 
Projection 
(Aug. 2018)  

Revised 2018 
Projection 
(Sept. 2018)

Comments – Change in 2018 Estimates 

1. HyReady Literature study $70,000 $70,000 $70,000 $74,184 No change

1b. Knowledge Acquisition $30,000 $112,000 $94,000 $88,000 Project brief underestimated this cost. 
Savings found in the revised budget.

2. North American Task Group 
(CGA/AGA) $30,000 $9,400 $9,400 $9,400 Project brief cost was overestimated.

3a. EGD Blending Assessment 
(Closed Loop) $800,000 $1,075,000 $645,500 $620,500

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 $600,000

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 $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 $100,000 $325,000 $231,250 $168,750
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 $1,849,834 Achieved savings of  approx. $1.1M from original
April 2018 projection

Team $900,000 $969,250 $838,375 $838,375 Included salaries for only half of 2019 until the 
Engineering Assessment is issued in June 2019.

Grand Total $1,980,000 $3,937,650 $2,964,525 $2,688,209



Power-to-Gas Phase 2: 
Hydrogen Blending 
November 2018 

Engineering 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 



Power-to-Gas Phase 2 
Roadmap 

A B C D 

E 
F 2 



Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 

3 



Power-to-Gas Phase 2 
Status Review 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 
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Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 

6 



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 

 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  
 Field-validated 18 potential Industrial customers and properly  

classified them as Commercial  
 Issued final iteration of DBI report on end-user equipment  
 

 

S1 

S1A 
S1B 
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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.   

 
           

8 



Power-to-Gas Phase 2 

• 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 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 

Evolution of Closed Loop Pipeline Design 

Proposed NPS 8 and 6 PE IP for blended gas 
Proposed NPS 6 XHP ST for natural gas 

Option 3A 



Power-to-Gas Phase 2 

Length of Mains by Material Number of Services by Material 

10 

Closed Loop Materials and End-user Survey  
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Power-to-Gas Phase 2: 
Hydrogen Blending 
December 2018 

Engineering 

Engineering Monthly Update 

Mohamed Chebaro, Ramses Atilano and Steven Rogers 



Power-to-Gas Phase 2 
Roadmap 
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Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 

3 



Power-to-Gas Phase 2 
Status Review 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 

4 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 

5 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 

6 



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) 
 
C. End User Equipment Engineering and Integrity System 

 Completed 100% of end-user equipment survey for S1A and S1B 
 Completed end-user equipment manufacturer survey  
 Completed 51 commercial surveys in Loops S1A/S1B  
 Completed and documented in-house appliance testing on  

blended H2 mixtures.  
 

 

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) 
 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 

* Most central heating in the UK is combo gas/water heaters 
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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 

Engineering Monthly Update 

Mohamed Chebaro and Ramses Atilano 
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Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 

3 



Power-to-Gas Phase 2 
Status Review 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 

4 



Power-to-Gas Phase 2 
Upcoming Deliverables  

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 

5 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

Issue the first Draft of the Risk Assessment Report for internal review 

F.  Engineering Assessment 

Progress the first draft of the Engineering Assessment to 60% 
completion 

On track 

Lagging but not on critical path 

Lagging and on critical path 

6 



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   
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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 

           
8 



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 

Engineering Monthly Update 

Mohamed Chebaro, Ramses Atilano and Steven Rogers 



Power-to-Gas Phase 2 
Roadmap 

A B C D 

E 
F 2 

                                                                                    

             

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 Report       

 
Plan Risk Management                

and Identify Risks           

HYREADY Additional Scope

 
Perform Quantitative  Risk 

Assessment            
 

Plan Risk Response      



Power-to-Gas Phase 2 
Status Review 

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) 

On track 

Lagging but not on critical path 

Lagging and on critical path 

3 



Power-to-Gas Phase 2 
Status Review 

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)   

On track 

Lagging but not on critical path 

Lagging and on critical path 

4 



Power-to-Gas Phase 2 
Upcoming Deliverables  

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 

On track 

Lagging but not on critical path 

Lagging and on critical path 

5 



Power-to-Gas Phase 2 
Upcoming Deliverables 

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 

Issue the second draft of the Risk Assessment Report for internal review 

F.  Engineering Assessment 

Progress the first draft of the Engineering Assessment to 80% 
completion 

On track 

Lagging but not on critical path 

Lagging and on critical path 

6 



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 
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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% 

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)

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 
 



The Hydrogen Blending Opportunity

– 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

Greening the Natural Gas Grid With Up to 2% Hydrogen
Accomplishments



The Hydrogen Blending Opportunity

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

Greening the Natural Gas Grid With Up to 2% Hydrogen



The Hydrogen Blending Opportunity

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

Greening the Natural Gas Grid With Up to 2% Hydrogen



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

2



3

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



Asset Specific 
Evaluation

Research & 
Development 

(R&D)

End-user 
Equipment

Pipeline and 
Station Design 
for Hydrogen 

Blending

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

Engineering/
Risk 

Assessment

Recommend 
maximum 
percentage  by 
volume hydrogen 
and provide list of 
action items to be 
completed for the 
safe and reliable 
distribution of 
blended gas

I. A. Engineering Assessment

4

Methodology and Technical Approach



II. A. Research & Development

5

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.



Q3 2018

Refined design to reduce costs, system 
pressure and required modification

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

6

Q1 2018

Divided Markham loop into 3

Examined 8 macro-loops  (GTA )

Q4 2017- Q1 2018
Q2 2018

Produced optimal pipeline blending design

Q1 2019
Proposed additional routes to meet 

regulatory and environmental 
requirements

S1

S1A
S1B



II. B. Network Hydrogen Tolerance
Distribution System Assessment
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S1 S1A S1B
Ultrasonic 0 31 43
Rotary 9 37 55
Diaphragm 3619 6655 5810
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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



II. C. End-user Equipment Assessment
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Two Approaches
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2. INTERCHANGEABILITY ANALYSIS1. FIELD SURVEY + ANALYSIS
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50
51
52
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J/
m

3 )

Realized Wobbe Wmin,dist Wmax,distr
Wmin,spec Wmax,spec

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) ↓ ↓ ↑ ↑ = = ↑

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.



II. D. Pipeline and Station Design
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Preliminary Design for Blending

Site Plan NG Station

H2 Injection

Hydrogen Blending Compound at TOC



II. E. Risk Assessment

10

Methodology and Modelling

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
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General Observations

 

 

0% by volume hydrogen 2% by volume hydrogen 

5% by volume hydrogen 10% by volume hydrogen 

Fireplace Test Results

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



Conclusions

• 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.

12

Safety, Integrity and Operations



III. Action Items – Pre-Blending

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

Safety, Integrity and Operations



III. Action Items – Pre-Blending

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 

14

Safety, Integrity and Operations



III. Action Items – Post-blending

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

Safety, Integrity and Operations



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.
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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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