
Significance of Risk Quantification 
The Smart Decision-making Process

John Zhao
Manager, Risk Management
Major Projects, Suncor Energy Inc.

PALISADE @RISK USER CONFERENCE 2007

Disclaimer: This presentation material is 
Provided for general use purpose.  The author 
Shall not be held accountable for subsequent use.



PALISADE @RISK USER CONFERENCE 2007

Manager,
Risk Management
Suncor Energy Inc.

- 20 years Project
Mgmt Experience;

- Large Oil & Gas
Constr. Projects;

- Graduate Degree
From U.K. in Project
Management

J.Zhao Copyright



“Risks” in Mega Oil & Gas Projects

Risk Management Application – Essence of PRM
Project Selection to Execution – Process Mapping
Quantitative @RISK Applied - Execution Phases

FEL (front-end loading) Phase Challenges
Current Decision Theories (DSS)
Proposed Decision Method (RISCOR™)

Integration: Qualitative and Quantitative Methods
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Time Magazine – Alberta Oil Sands
“ Canada’s  greatest buried energy treasure” and “ could satisfy the 
world’s demand for petroleum for the next century”

140,800 sq. km in 3 major areas of Alberta involving oil giants;
34.8% of all crude oil and equivalent in Canada – sweet oil down;
$125 Billion allocated towards its developments in next decade;

However, over 
US$800 Billion will be 
invested to 920 new 
GCC Oil and Gas 

projects in the middle 
eastern region…

IQPC - 2007
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Industrial Construction
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What does Project Risk Management include?

• Implemented rigorous project risk management process

• Mandatory Project Risk Identification and Registry

• Qualitative Risk Assessment using pre-established Risk Matrix

• Quantitative Risk Analysis for Cost Estimates using @RISK

• Quantitative Project Schedule Evaluation using PertMaster

• Periodical Implementation Audits on Risk Tracking and Monitoring

• Active Management and controls of Level I / II High Severity Risks 
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Business 
Case Study

- Risk Adjusted NPV
- Decision Tree

- Force Field Analysis
- “PEST” Risk Identity 

Project Execution Phase

DBM Phase:
-- Risk Workshop
-- Qualitative Risk
-- Risk Response

EDS (AFE) Phase:
-- Risk Simulation

-- Risk Inputs
-- Risk Drivers

EPC Phase:
-- Risk Monitoring
-- Cost Simulation

-- Schedule Analysis

C&SU and Operations

C&SU Phase:
-- Inhere MC Risk
-- Start-up Risk
-- Risks to O&M

O&M Phase:
-- Risk Record

-- Reliability Eng.
-- R&R Decisions

Refining

Marketing

-- Sales Risk
-- Credit Risk

-- Hedging Risk 
J.Zhao Copyright
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Project Execution Phase
EDS (AFE) Phase:

-- Risk Simulation
-- Risk Inputs
-- Risk Drivers

Risk 
Register

Cost 
Estimate

Risk 
Experts

@RISK 
Monte Carlo
Simulation
“Black Box”

Mystified
Contingency

$$

Tornado Chart
Risk Drivers Project Mgr.

Great !

Application of Quantitative @RISK Simulation in Estimating
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Monte Carlo Simulation for Cost Estimate Demystified

D

B

A

C
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Business Case & Feasibility Study
- Risk Adjusted NPV

- Decision Tree
- Force Field Analysis
- “PEST” Risk Identity 

Front End Study requires a lot of data and reliable information
to make smart and right decisions, but the opposite is true.

• Little known facts – Too early and expensive to collect “facts”;
• Subjective Assumptions – Heuristics and experience based ;
• Adventurous in nature – Driven by survival, growth and competing; 
• Unknown locale or unproven new technology – Profit driven for IRR;

• Many Options and Choices make decisions complex and difficult;
• Risks and Uncertainties bubbled around each option are dense;
• Decision-makers are pressured to make “quick” business decisions;

J.Zhao Copyright
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Many scholars and researchers have 
Done Much studies on Decision-making

However, decisions often involve risks

• “Decision analysis is the discipline for helping decision-makers choose 
wisely under conditions of uncertainty.” (J. Schuyler, 2001)

• “Any decision making should attempt to account for the future” (D. Woods, 1975)

• “There is a lag between academic modeling and industry implementation. 
many models are now first developed in industry”.  (P. Fusaro, 1998)

• “With randomness in demand, the deterministic EOQ model seems pretty 
unpalatable…the Poisson distribution of demand…”.  (A. Manne, 1961)

• “Lacking skill guidance, decision makers may instinctively resort to ‘irrational’
but quite believable attitudes & modes of thought in making risky decisions”.

(A. Baker, 1981) 
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Decisions under Uncertainty
- Decision outcomes are controlled by forces of “state of nature”.

• Bayes/Laplace: The highest probability weighted average payoff

• Hurwicz: The highest of best and worst outcomes with attached probability

• Maximin / Minimax: Strategy with “best worst” cautious / pessimistic outcome

• Maximax: Strategy of “best best” payoff with reckless / optimistic outcome 

• Minimax Regret: The highest regret is lower than that of any other strategy

Decisions under Risk Conditions
- Decisions through utility function theory can be made numerically

• Decision makers generally estimate likelihoods for the various possible 
outcome of their actions.
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Decisions under 
Uncertainty

Decisions under 
Risk Conditions

Business Case & Feasibility Study

Economic NPV Model
- Unpredictable WTI Pricing

- Varied Production Volume

- Unreliable Capex / Opex

L.C.V.A Risk Log

Payoff Table Simulation

The Traditional NPV-based Scenario Approach
J.Zhao Copyright
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Models are built from necessity, and a decision model is any 
quantitative or logical abstraction of reality that is created and 
used to help somebody make a decision.

Samuel Bodily (1985)

Total uncertainty is the combination of uncertainty and variability. 
These two act together to erode our ability to predict what the future
holds.  There are techniques to quantitatively describe epistemic
uncertainty associated with the parameters of a model.

David Vose (2000)

Five decision-making strategy: (1) acquiring experience & expertise;
(2) Debiasing judgment; (3) Taking an outsider’s view; (4) Using linear
models based on expert judgment; (5) Adjusting intuitive predictins.

Max Bazerman (2002) 
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Proposed Risk Management Integration (RISCOR™)

* The Risk Core (the Core of Risk) is the quantification of identified
risks for their consequences and probability of occurrence.
* Re-score deterministic estimates or decisions with stochastic
values considering variables’ variability and uncertainty.
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Decision 
ObjectiveGrowth Sustainability

Option I Option IIIOption II Option IV

Strategic Business Case Option Selection Decisions

Force Field Analysis Table

Qualitative Assessment
- Identify key risk / opportunity

- Quantify Probability & Impact

Quantitative Analysis
- Monte Carlo NPV Simulation

- Quantify Probability & Impact

PrecisionTree @RISK Simulation

J.Zhao Copyright
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Understand 
4 Option 

Scenarios

Brainstorming PEST
Strategic 

Opportunities 

Rank 8 O/R 
Significance  
(Risk Matrix)

Brainstorming PEST
Strategic Risks 
( per option )

Estimate 8 O’s 
Enhancing & R’s 
Impact Values 

Complete 32 
O/R’s in   

Risk Register

Force Field
Analysis

Initial 
Decision

Decision 
Tree

Analysis

Validate
Decision

Risk-adjusted 
$Capex & 

$NPV

Probability Weighting

Each Option’s

EMV
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The Force Field Analysis objectively calculates each option’s net force
based on scores of each Risk and Opportunity identified.  Formulae:

Probability x Consequence + Reliability + Priority

J.Zhao Copyright
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Identified Risks and Opportunities must be quantified for its “P”
And “C” in order to calculate a “Score” for the comparison of 
Risk Severity, based on Risk Matrix.
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The Risk Matrix must be established using proper scales;
The Matrix must comply with company’s Risk Tolerability;
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Many business people are cognizant  with PrecisionTree;
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Monte Carlo Net Present Value (NPV)

* Only stochastic NPV model can truly reflect the practical reality;
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The Summary Table: Qualitative & Quantitative Results
J.Zhao Copyright
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It forms a balanced picture of the risks and rewards

Visually lay out all options that can be challenged 

Framework to quantify probability-based outcomes 

Make best decision from scientific & intuitive methods

It enhances and formalize the “common sense” method

Decision Key Points – An Integrated Approach
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Business Case Options must be studied against the 
following for a better decision making

LCVA (Life Cycle Value Assessment)
Life Cycle Opportunities and Risks
Economic Returns (IRR or ROCE, NPV)

Risk containment and Opportunity enhancement are the 
essence of  Risk Management

Risk Management increases chances to succeed!

Conclusion / Summary
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Questions

and

Answers !

Contact info: jzhao@suncor.com
(403) 920 8576
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• Which Functions you are doing in managing projects?
PM PC PE CM Other

• How many years of experiences working in risk-related businesses?
< 5 years 5 – 10 years >10 years >20 years

• What was your knowledge level in risk decisions before the session ?
High Medium Low Minimum

• How important is the risk concept in decision-making process? 
Very Some what not very negligible

• Are you ever involved in project selection decision-making process?
Yes Somewhat Not at all Not aware

• How much do you understand Monte Carlo simulation?
100% 75% - 50% 50% - 25% <25%

• How much you think decision quality is improved by using risk approach?
100% 75% - 50% 50% - 25% <25%

• Can the integrated stochastic model help decision-makers yield “smarter” decisions?
YES NO

Q
u
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n
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