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Presenta;on	  Outline	  

1.	  Primer	  on	  Life	  Cycle	  Assessment	  (LCA)	  
	  
2.	  LCA	  in	  the	  Environmental	  Impact	  Statement	  
	  
3.	  Standards	  for	  LCA	  of	  Hydroelectric	  Projects	  
	  
4.	  Proposed	  LCA	  Protocol	  
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What	  is	  
Life	  Cycle	  Assessment?	  
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The	  Life	  Cycle	  of	  a	  Product	  
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Why	  do	  an	  LCA?	  

•  Gain	  comprehensive	  environmental	  life	  cycle	  
perspec3ve	  -‐	  (iden3fy	  win-‐win	  outcomes)	  

•  Transparent	  /	  Standardized	  /	  Quan3ta3ve	  

•  Demonstrates	  proac3ve	  social	  responsibility	  

•  Obtaining	  environmental	  cer3fica3on	  (i.e.	  LEED)	  
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General	  ISO	  LCA	  Standards	  
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LCA	  Framework	  	  -‐	  as	  per	  ISO	  14040	  

7	  



Goal	  and	  Scope	  Defini;on	  

“If	  you	  don’t	  know	  where	  you’re	  
going	  –	  you	  might	  end	  up	  
someplace	  else”	  	  
-‐	  Yogi	  Berra	  
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Goal	  Defini;on	  

Four	  goal	  aspects	  to	  be	  defined:	  
• 	  Reasons	  for	  carrying	  out	  the	  study	  
• 	  The	  intended	  applica3on	  
• 	  The	  intended	  audience	  
• 	  Is	  the	  study	  is	  intended	  to	  be	  a	  
compara3ve	  asser3on	  disclosed	  to	  public	  
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Scope	  Defini;on	  –	  Mee;ng	  LCA	  Goals	  

• 	  Relevant	  standards	  
• 	  Data	  requirements	  
• 	  Impacts	  that	  will	  be	  calculated	  
• 	  Limita3ons	  and	  uncertainty	  
• 	  Type	  of	  cri3cal	  review,	  if	  any	  
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Life	  	  Cycle	  Inventory	  
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Life	  	  Cycle	  Inventory	  of	  Portland	  Cement	  
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Life	  Cycle	  Impact	  Assessment	  

LCI	  Data	   Characteriza;on	  
Factors	  

100	  kg	  CO2	  
1	  kg	  CH4	  

0.1	  kg	  N2O	  

Portland	  
Cement	  

Manufacturer	  

*	  1	  
*	  25	  
*	  298	  

Impacts	  

=	  100	  kg	  CO2	  eq.	  
	  
=	  29.8	  kg	  CO2	  eq.	  
	  
154.8	  kg	  CO2	  eq.	  
	  

=	  25	  kg	  CO2	  eq.	  
	  

Example:	  Calculate	  Global	  Warming	  Poten3al	  
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Life	  Cycle	  Impact	  Assessment	  

Global	  Warming	  
	  
	  
	  

Contribu;ng	  emissions:	  
CO2	  	  	  	  	  CH4	  	  	  N20	  
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Life	  Cycle	  Impact	  Assessment	  

Photochemical	  Smog	  
	  
	  
	  

Contribu;ng	  emissions:	  
NOx	  	  	  VOCs	  
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Life	  Cycle	  Impact	  Assessment	  

Eutrophica;on	  
	  
	  
	  

Contribu;ng	  emissions:	  
NO3	  	  	  PO4	  	  	  NH3	  	  NH4	  	  	  NOx	  
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Life	  Cycle	  Impact	  Assessment	  

Acidifica;on	  
	  
	  
	  

Contribu;ng	  emissions:	  
SOx	  	  	  NOx	  	  	  HCl	  	  	  HF	  	  	  NH3	  
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Life	  Cycle	  Impact	  Assessment	  

Ozone	  Deple;on	  
	  
	  
	  

Contribu;ng	  emissions:	  
CFCs	  	  	  	  HCFCs	  

	  
	  

18	  



Life	  Cycle	  Impact	  Assessment	  

Fossil	  Fuel	  Consump;on	  
	  
	  
	  

Contribu;ng	  inputs:	  
natural	  gas,	  coal,	  crude	  oil	  
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Interpreta;on	  
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How	  can	  LCA	  be	  used	  in	  the	  
Environmental	  Impact	  Statement	  of	  

a	  Hydroelectric	  Project?	  
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Environmental	  Impact	  Statement	  Requirements	  

The	  EIS	  is	  developed	  in	  accordance	  with:	  
	  
•  Canadian	  Environmental	  Assessment	  Agency	  (CEAA)	  

Environmental	  Impact	  Statement	  Guidelines	  
	  
•  Scoping	  Document	  for	  the	  Environmental	  

Assessment	  of	  the	  Keeyask	  Genera3on	  Project	  
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Requirement	  for	  emissions	  “descrip;on”	  

The	  EIS	  Will	  Include:	  
•  A	  descrip*on	  of	  atmospheric	  emissions,	  liquid	  

emissions,	  and	  solid	  wastes,	  and	  plans	  to	  manage	  
these	  emissions	  and	  wastes	  during	  construc*on;	  

•  A	  descrip*on	  of	  i)	  fuel	  and	  dangerous	  and	  hazardous	  
products	  and	  wastes	  and	  ii)	  plans	  to	  manage	  the	  
fuel,	  products,	  and	  waste	  during	  construc*on.	  

-‐	  Sec;on	  2.3	  of	  the	  Keeyask	  Scoping	  Document	  

	  
	  

23	  



Requirement	  for	  air	  emissions	  inventory	  

	  
(The	  EIS	  must	  include)	  an	  inventory	  of	  all	  poten*al	  
sources	  of	  air	  contaminants	  and	  emissions	  from	  the	  
proposed	  project:	  criteria	  air	  contaminants,	  air	  
pollutants	  on	  the	  List	  of	  Toxic	  Substances	  in	  Schedule	  
1	  of	  the	  Canadian	  Environmental	  Protec*on	  Act,	  
1999	  

	  
	  Sec;on	  8.1	  of	  the	  CEAA	  EIS	  Guidelines	  
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Impact	  calcula;on	  using	  “appropriate”	  criteria	  

	  
The	  proponent	  shall	  iden*fy	  the	  Project’s	  likely	  
adverse	  environmental	  effects	  during	  construc*on,	  
opera*on,	  maintenance,	  decommissioning	  and	  
reclama*on	  of	  sites	  and	  facili*es	  associated	  with	  the	  
Project,	  and	  describe	  these	  effects	  using	  appropriate	  
criteria.	  
	  
	  Chapter	  9	  of	  the	  CEAA	  EIS	  Guidelines	  
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Mi;ga;on	  of	  impacts	  

	  
(The	  EIS)	  shall	  discuss	  the	  mechanisms	  it	  would	  use	  
to	  require	  its	  contractors	  and	  sub-‐contractors	  to	  
comply	  with	  these	  (mi*ga*on)	  commitments	  and	  
policies	  and	  with	  audi*ng	  and	  enforcement	  
programs	  
	  
	  Chapter	  9	  of	  the	  CEAA	  EIS	  Guidelines	  
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Analysis	  of	  alterna;ves	  

	  
(The	  EIS	  must	  include)	  an	  analysis	  of	  alterna*ves	  to	  
the	  Project	  which	  describe	  func*onally	  different	  
ways	  to	  meet	  the	  project	  need	  and	  achieve	  the	  
project	  purpose	  where	  analyzed	  from	  the	  
perspec*ve	  of	  the	  proponent	  …	  The	  analysis	  in	  this	  
sec*on	  of	  the	  EIS	  should	  iden*fy	  requirements	  of	  the	  
proposed	  purchaser	  of	  the	  power	  to	  be	  produced	  by	  
the	  Project.	  
	  
	  Sec;on	  5.2	  of	  the	  CEAA	  EIS	  Guidelines	  
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LCA-‐based	  Deliverables	  

	  
	  
	   •  Detailed	  LCA	  of	  the	  hydroelectric	  project	  in	  

accordance	  with	  ISO	  14040/14044	  
•  Accounts	  for	  air,	  land,	  and	  water	  emissions	  
•  Calculates	  “appropriate”	  impacts	  

•  Literature	  Review	  of	  alterna3ve	  genera3on	  
technologies	  
•  Unreasonable	  to	  complete	  ISO	  14044	  

compliant	  compara3ve	  LCA	  
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What	  standards	  are	  relevant	  to	  
Keeyask?	  
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Relevant	  Standards	  
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General	  ISO	  LCA	  Standards	  
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ISO	  14040	  Framework	  
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ISO	  Building	  and	  Civil	  Engineering	  Standards	  
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Use	  of	  material	  
resources	  

Use	  of	  energy	  
resources	  

Use	  of	  water	  

Land	  use	  

Noise	  and	  
vibra;ons	  

Emissions	  to	  air	  

Emissions	  to	  water	  

Emissions	  to	  soil	  

Biodiversity	  of	  
species	  and	  
ecosystem	  

Deple;on	  of	  
Natural	  Resources	  

Climate	  Change	  

Environmental	  
Pollu;on	  

Biodiversity	  and	  
Ecosystem	  

Deple;on	  of	  non-‐
renewable	  energy	  

resources	  

Deple;on	  of	  non-‐
renewable	  mineral	  

resources	  

Climate	  change	  

Forma;on	  of	  
photochemical	  

oxidants	  

Destruc;on	  of	  the	  
ozone	  layer	  

Acidifica;on	  of	  
land	  and	  water	  

sources	  

Eutrophica;on	  

Landscape	  

Life	  Cycle	  Inventory	  (ISO	  21929-‐2)	  

Sustainability	  Objec3ves	  
(ISO	  21929-‐2)	  

Impact	  Categories	  (ISO	  21930)	  
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European	  Building	  and	  Civil	  Engineering	  Standards	  
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European	  Building	  and	  Civil	  Engineering	  Standards	  
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Land	  Use	  Change	  Standards	  
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Environmental	  Product	  Declara;ons	  
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Proposed	  LCA	  Protocol	  
(finally)	  
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Goal	  and	  Scope	  Defini;on	  

Study	  overview:	  	  
•  Includes	  air,	  water,	  and	  land	  emissions	  
•  Calculates	  appropriate	  impacts	  
•  Facilitates	  impact	  mi3ga3on	  

LCA	  complies	  with	  relevant	  standards	  
(ISO	  14040/14044,	  ISO	  21929-‐2/21930)	  
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Goal	  and	  Scope	  Defini;on	  

Scope	  Defini;on:	  	  
•  Aligns	  with	  Project	  Descrip3on	  
•  Aligns	  with	  EN	  15978	  Modularity	  
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Life	  Cycle	  Inventory	  

Example	  data	  collec;on	  spreadsheet	  
Organized	  based	  on	  Keeyask	  GS	  EIS	  Project	  Descrip;on	  Volume	  	  
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Mix 1 Mix 2 Mix 3

m3 m3 m3
Powerhouse, service bay, and control 
building structure and envelope
Parking lot
Trash racks and gates
Hoists and cranes
Turbines
Generators
Transformers
Other mechanical equipment
Overflow structure
Vertical lift gates
Stoplogs
Hoists and monorail
Structural steel support
Road bridge
Downstream side bridge
Powerhouse intake channel
Tailrace channel 
Spillway channel 

2.3.4 Wing Walls 5 concrete gravity walls (A through E)

2.3.2 Spillway

 2.3.3 Powerhouse and 
Spillway Channels

EIS Project Description 
Section Scope of Assessment

Site-mixed Concrete

2.3.1 Powerhouse 
Complex



Life	  Cycle	  Inventory	  

•  Es;ma;on	  is	  OK	  at	  conceptual	  
design	  stage	  

•  Life	  Cycle	  Inventory	  should	  be	  
designed	  to	  allow	  refinement	  
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Life	  Cycle	  Impact	  Assessment	  

Full	  range	  of	  life	  cycle	  impacts	  

	  Global	  warming	  

	  Acidifica3on	  

	  Eutrophica3on	  

	  Ozone	  deple3on	  

	  Smog	  

	  Fossil	  fuel	  consump3on	  
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Life	  Cycle	  Impact	  Assessment	  

EN	  15978	  Environmental	  Indicator	   Methodology	   Unit	  
Environmental	  Impacts	   	  	   	  	  
Global	  warming	  poten3al,	  non-‐biogenic	   TRACI	  v2.1*	   kg	  CO2	  eq.	  
Global	  warming	  poten3al,	  biogenic	   TRACI	  v2.1*	   kg	  CO2	  eq.	  
Deple3on	  of	  the	  stratospheric	  ozone	  layer	   TRACI	  v2.1*	   kg	  CFC-‐11	  eq.	  
Acidifica3on	  poten3al	  of	  land	  and	  water	   TRACI	  v2.1*	   kg	  SO2	  eq.	  
Eutrophica3on	  poten3al	   TRACI	  v2.1*	   kg	  N	  eq.	  
Forma3on	  poten3al	  of	  troposheric	  ozone	  photochemical	  oxidants	   TRACI	  v2.1*	   kg	  O3	  	  eq.	  
Abio3c	  resource	  deple3on	  poten3al	  for	  elements	   CML	  2002*	   kg	  Sb	  eq.	  
Abio3c	  resource	  deple3on	  poten3al	  of	  fossil	  fuels	   TRACI	  v2.1*	   MJ	  surplus	  
Resource	  Use	   	  	   	  	  
Use	  of	  renewable	  primary	  energy	  excluding	  energy	  resources	  used	  as	  raw	  material	   CED*	   MJ	  
Use	  of	  renewable	  primary	  energy	  resources	  used	  as	  raw	  material	   CED*	   MJ	  
Use	  of	  non-‐renewable	  primary	  energy	  excluding	  resources	  used	  as	  raw	  material	   CED*	   MJ	  
Use	  of	  non-‐renewable	  primary	  energy	  resources	  used	  as	  raw	  material	   CED*	   MJ	  
Use	  of	  secondary	  material	   Sum	  of	  LCI	  flows	   kg	  
Use	  of	  renewable	  secondary	  fuels	   not	  recommended	  to	  be	  included	  
Use	  of	  non-‐renewable	  secondary	  fuels	   not	  recommended	  to	  be	  included	  
Net	  use	  of	  fresh	  water	   Sum	  of	  LCI	  flows	   m3	  
Waste	  Categories	   	  	   	  	  
Hazardous	  waste	  disposed	   Sum	  of	  LCI	  flows	   kg	  
Non-‐hazardous	  waste	  disposed	   Sum	  of	  LCI	  flows	   kg	  
Radioac3ve	  waste	  disposed	   not	  recommended	  to	  be	  included	  	  
Output	  Flows	  Leaving	  the	  System	   	  	   	  	  
Components	  for	  re-‐use	   Sum	  of	  LCI	  flows	   kg	  
Materials	  for	  recycling	   Sum	  of	  LCI	  flows	   kg	  
Materials	  for	  energy	  recovery	  (not	  being	  waste	  incinera3on)	   Sum	  of	  LCI	  flows	   kg	  
Exported	  energy	   Sum	  of	  LCI	  flows	   MJ	   45	  



Interpreta;on	  

•  Contribu;on	  analysis	  
•  Benchmarking	  

Calcula3on	  of	  impacts	  by	  
component	  to	  inform	  procurement	  

•  Dynamic	  carbon	  footprin;ng	  
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Thank	  You!	  

James	  Salazar	  
Director	  of	  Industry	  Services	  
james.salazar@coldstreamconsul3ng.com	  

Mam	  Bowick	  
Director	  of	  Building	  Services	  
mam.bowick@coldstreamconsul3ng.com	  
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