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1. Motivation

A Many current and future managers are
not exposed to life-cycle thinking

A Energy (and electricity) supply has a lot
of hidden dimensions
How to deal with them?

A How to integrate life-cycle thinking in
management?

This case study aims at familiarizing
managers with life-cycle thinking and at

providing tools to make it operational.
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1. Context of the Case Study

A An electricity distribution company has
two concerns related to life-cycle
thinking:

1. Assess different supply options

2. Implement features of LCA in current
business practices

A A manager is designated to study and
make recommendations on both issues
A Students take the n

perspective to analyze the situation
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2. Case Study Structure

A. Supply Options in the Electricity Sector:
Developing a Life-Cycle Strategy

A Context of the electricity sector
A LCA methodology
A Data on supply options

B. Using the Life-Cycle Strategy to Choose
Supply Projects

A Sustainable development criteria
A Multi-criteria trade-offs & decision making
A Sensitivity analysis

C. Implementing the Life-Cycle Strategy

Recommendation

A Stakeholder analysis (internal & external)
A Policy and institutional challenges
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3. Pedagogical Objectives (1)

Goal of the case study: to show how to integrate
N | -cy€lesthinkingointo the decision making
process, through an energy sector application.

Teaching objectives of Part A:

A Promote Life-Cycle thinking through a concrete and
long-term business choice (holistic and system
thinking).

A Raise awareness on energy technologies and the
context in which the choice has to be made (strategic
planning in a sustainable development framework).

A Develop knowledge on data sources, constraints and
limitations (applied research).
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3. Pedagogical Objectives (2)

Teaching objectives of Part B:

A Connecting life-cycle thinking to decision making
(multiple criteria decision making).

A Helping conceptualize difficult trade-offs (weight
elicitation).

A Increasing transparency in impacts information
(sensitivity analysis).
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3. Pedagogical Objectives (3)

Teaching objectives of Part C:

A Point towards better environmental policies (policy
discussion of the roles of companies and
governments).

A Point towards better social policies (effective corporate
communications, certifications and reporting
standards).

A Integrate business and ethics (market strategies and
principles).
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4. Detalls about the Case Study - Part A

Electricity &
Heat  25% Electricity 68%

Rest of Glohal
GHGs  75%

Other Energy
Industries

12%

Electricity share of worldwide GHG emissions (Baumert et
al., 2005)
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4. Details about the Case Study - Part A

Total electricity production by primary energy, Canada,
TWQ 001977-2006 (Statistics Canada, 2007)
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4. Detalls about the Case Study - Part A

Technical specifications of supply options

Intermittency Capacity Renewability Efficiency of Economic

factor® conversion lifetime

(years)®

Solar - Photovoltaic yes 30% yes - 25
wWind yes 30% yes - 20
Hydro (run-of-river) no 60% yes - 60
Hydro (reservoir) no 60% yes - 60
Biomass (wood residual) no 85% yes 20%" 40
Natural Gas (Advanced combined cycle) no 85% no 55%° 25
Nuclear no 85% no 35%" 40
Coal no 85% no 39%° 40

Sources: OPA (2005); "WEC (2007:336); “IEA (2005:29,30,35,54,57,59,72), rounded. Efficiency of

conversion for renewable resources is not relevant since the primary fuel is not purchased.
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4. Detalls about the Case Study - Part A

Economic specifications of supply options
Capacity  Fixed O&M  Variable O&M Fuel cost  Levelized unit cost

cost /MW cost /MW cost $/MWh $/MWh $/MWh
Solar - Photovoltaic 4,751,000 10,990 0 - 203.35
Wind 1,202,000 28,510 0 - 64.57
Hydro (run-of-river) 1,500,000 13,140 3.30 - 34.43
Hydro (reservoir) 1,500,000 13,140 3.30 - 34.43
Biomass (wood residual) 1,869,000 50,180 2.96 11.14 46.51
Natural Gas 594,000 11,010 1.88 46.42 58.56
Nuclear 2,081,000 63,880 0.47 4.13 41.76
Coal 1,290,000 25,910 4.32 4.97 30.49

Source: EIA (2007:77) except for levelized unit electricity costs (LUECs). LUECs are computed for the
economic lifetime shown in Table A1, 8,760 hours/year and a 10% discount rate. See Box A2 for more details.
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4. Detalls about the Case Study - Part A

Life-cycle environmental specifications of supply options

GHG emissions Stratospheric ozone Photochemical smog Acidification
(kg of CO,- depletion (grams of  (grams of NOx and (grams of
equivalent/MWh) CFC-11/MWh) volatile organic SO,/MWh)

compounds/MWh)
Solar 72.63 0.009090 156 179
wind 9.14 0.000652 20 33
Hydro (run-of-river) 3.03 0.000218 8 4
Hydro (reservoir) 4.10 0.000246 8 5
Biomass 1,097.55 0.000843 641 2,100
Natural Gas 478.55 0.018127 243 221
Nuclear 7.18 0.010700 19 35
Coal 1,035.41 0.008500 1,665 5,575
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4. Detalls about the Case Study - Part A

List of possible social impact indicators

Population displacements (for new projects)

Regional equity (location of generation supply versus energy
demand)

Inter-generational equity

Employment opportunities: Construction Jobs

Employment opportunities Permanent Jobs

Work-related injuries and fatalities

Natural and human heritage sites; cultural resources protection
Public health & safety

Safety: technological accident risks assessment and
management
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4. Details about the Case Study - Part A

Case Study Questions:

AHow to add 10 TWh of electricity

supply?
AHow to proceed in the choice if a
life-cycle strategy has to be

developped?
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4. Details about the Case Study - Part B

Multi-criteria decision making: choosing projects

Specifications of possible projects
Max Min. Max.

projects TWh TWh

Solar - 0 3
Wind - 0 3
Hydro (run-of-river) 3 0.5 TWh each
Hydro (reservoir) 2 3 TWh each
Biomass - 0 2
Natural Gas - 0 20
Nuclear 2 7.5 TWh each
Coal - 0 20
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4. Detalls about the Case Study - Part B

Economic, social and environmental indicators

Regional equity FTE Land
(O to 10 scale) per TWh km? per

TWh
Solar 5 50 0-36
wind 1 29.93 0.98-34
Hydro (r.-of-river) 1 82.20 1.93
Hydro (reservoir) 1 88.59 13.77
Biomass (wood) 7 191.08 0
Natural Gas 9 30.83 0.22
Nuclear 8 70 0.5
Coal 7 45.35 1.84
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4. Details about the Case Study - Part B

Standardi zing i1 ndicatorso val.
Worst Best value
value
wind Hydro_ Biomass

Examp|e 1 | g T (I'ESGFVOII’) .............................
Total FTE jobs
(high score e T 29.93 88.59  191.08
IS best) :
Sta”darg(':fﬁg 15.66 46.36 100
Hydro_ wind Biomass
Examp|e 2 q . Z(I'ESGFVOII’) .........................................................
Land area, km
(low score oer TWh 13.77 0.98 0

IS best) :

Sta”darggﬁg 0 92.89 100
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4. Detalls about the Case Study - Part B

Supply project global value
from weighted standardized impact values

GHG Regio Photoche Leveliz Total |Global

emissi nal mical edunit FTE | value
ons equity smog cost jobs
Weight (%) 30 10 10 40 10
Coal 5.66 77.78 0 85.10 23.73|45.73

Hydro

. 99.63 11.11 994 83.07 46.36 | 78.31
(reservoir)
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4. Detalls about the Case Study - Part B

Other dimensions:
ATransmission

A Aboriginal issues
AAncillary services
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4. Detalls about the Case Study - Part B

Case Study Questions:
A Specific recommendation for

10 TWh
A Sensitivity analysis
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4. Details about the Case Study -Part C

Implementing the Life-Cycle

Strategy Recommendation
A External environment:
A how to position the company in the energy
market?
A should Electro-Hydro try to influence public
policy?
A Stakeholder involvement
A Which group should be involved?
A Consumer: how to show value to consumer?
A Internal environment: how to convince
employees of the new approach?
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4. Detalls about the Case Study - Part C

Case Study Questions:
Almplementation

A Participation
A Communication
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