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¼HE WHO PREDICTS THE FUTURE 
lies, even if he tells the 

TRUTH.½

Arab Proverb quoted by Sebestyén 1998
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òéno argument is improved by 
exaggeration because the reader / 

listener immediately becomes 
suspicious of what is to come.ó
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Forces Behind 

Construction

tc= 35 approx

6.5 B / 2005

Population Dynamics
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POPULATION

Global Trend: + 3 Billion

1 DU per 6 persons

1 Other per 6 persons

USA Trend: + 130 Million

1 DU per 4 persons

1 Other per 3 persons
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http://www.gapminder.org/
Tab: Gapminder world setting : tracking     speed: fast

ÅPopulation / time linear / linear

ÅIncome per person / time log / linear

ÅCO2 Emissions pp / time log / linear
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Forces Behind 

Construction

Population demographics moving from needs to 
wants

AFFLUENCE
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GDP levels ($,000 Billions)

A.D.     1   1000  1500 1600 1700 1820 1900 1950  2000 per capita GDP

1990 international 
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Trends

tc = doubling times

ÅExponential growth:

ïPopulation (tc = 35 yrs)

ïAffluence (tc = 10 ï15 yrs)

ÅAir passengers (Boeing, 07) triple by 2030

ÅContainer shipment (International, 06) double in 10 yrs.

ïConstruction in general (as of 2006)

ÅGlobal trends (tc = 15 yrs)

ÅUSA trends (tc = 25 yrs)

ïResource consumption (tc = 7 yrs)

ïTotal Emissions generation (tc = 1-2 yrs)

ÅGreen house Gases (GhG) ïGlobal Warming

ÅParticulates ïGlobal Dimming
© 2010 J. F. Solis 6
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Resource 

Consumption

Consumtion and Depletion of Crude Iron Ore
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Theoretical consumption and 
depletion of resources
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Commodities Average 

2008 Price Increase (NPV)

S No Commodities

FT 

Price 

increase 

High/ 4 yr 

ago %

High/ 

ave.% per 

year

Net Present Value

10/9/2004 7/12/2008

Corrected Price 

Increase High per 

year

Percentage Increase 

per year from the 

value of 10/09/2004

1 Aluminum HG 1664 3340 1676 101 445.87 20.37%

2 Copper GR A 2841 8290 5449 192 1449.62 32.96%

3 Lead 926 2000 1074 116 285.72 22.73%

4 Nickel 12278 21847 9569 78 2545.69 16.57%

5 Tin 8952 23152 14200 159 3777.70 28.76%

6 Zinc SGH 955 2035 1080 113 287.32 22.30%

Number of Days between 

10/09/2004 and 07/12/2008
1372.00

Or the difference is 3 

years 9 months and 3 

days

Percentage Increase per year = ((Future 

Value / Present Value) ^ (1/number of years)) 

- 1

Assuming 365 days in a year. 

Number of years is
3.7589

This is same formula for Present value of 

money we use in finance or the compound 

interest formula
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Trend Implications
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Trend implications:

Rate of Growth = EXPONENTIAL

Population

Affluence

Resource Consumption

Emissions Generation 

drivers resultants
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History

P4 ?
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P1 S1     P2 S2 P3é

P1 informal

S1 D-B-B

P2 Under-Bid Litigation

S2 DB / CMAR

P3 Under Cut Rates / Market Value

S3 Lean / Integrated Contract

Time

E
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Adapted from Rybkowski, Z. K. (2006). "Development of a Roadmap for Target Pricing of Medical Office Buildings in 

the AEC  Industry (Qualifier Proposal)." University of California, Berkeley, 41.

Design Bid Build
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SD DD CD Certificate of 

Occupancy

Design-Bid-Build 

(downward economic cycle)

Owner Pro-forma Budget

Change Orders

Optimistic

Realistic
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Lump Sum / GMP Bet 

Hedging or Shorting?
E

c
o

n
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y

Time
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2006

Hedging the LS/GMP bet

2010

Shorting the LS/GMP bet
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Shorting the bet? Private WorksD
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 Hedging the bet? Public Works
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Target Costing -

Business in 2010

Adapted from 2010 Zofia Rybkowski 

$90M Current

$45M Value or Target

ȹ$ = 50%

Target

Cost

Margin

Price

Options:
ÅV.E. Scope Change

ÅSqueeze Subs

ÅFind & Eliminate Waste
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2008 2010

D
e

fl
a

ti
o

n
 o

r 

In
fl
a

ti
o

n
?

 

14

Target

MarginSet

Price

http://www.agc.org/


Target Cost Design 

$556 M Base

Ballard, G., and Rybkowski, Z. K. (2009a). "Overcoming the hurdle of first cost: A case study in Target Value Design." In: 2009 Construction Research Congress, Seattle, WA.

Options:
ÅV.E. Scope Change

ÅSqueeze Subs

ÅReduce or eliminate margins

ÅFind & Eliminate Waste
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Tesmer Diagram

SD DD CD Certificate of 

Occupancy

Design-Bid-Build

Target Costing

Rybkowski, Z. K. (2006). "Development of a Roadmap for Target Pricing of Medical Office Buildings in the AEC  Industry (Qualifier Proposal)." University of 

California, Berkeley, 41.

Owner Pro-forma Budget

DBB vs. Target Cost 

Design

16

Realistic

Optimistic

Unknowns = 

Contingencies

Waste and Contingencies 

Reduction
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Target Cost Design

Design to Project Budget Distribution General Conditions

Site Work

Cast in Place Concrete

Thermal & Moisture

Brick and Masonry

Glazing

FF&E

Vertical Circulation

Fire Suppresion

Plumbing

HVAC

Electrical

Communications

$646M

$556M

$90M = 16% 

ȹWaste or 

ȹScope?
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ñMeeting the needs 

of the present 

without 

compromising the 

ability of future 

generations to 

meet their own 

needsò

Definition of

Sustainability

© 2010 J. F. Solis

ñTaming the 

exponential growth 

of resource 

consumption and 

emissions 

generation while 

maintaining an 

exponential growth 

in affluence growthò
19
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LEED, Green, etc.

Voluntary

Assessment

Prescriptive

Focus Groups

Structured Interviews

Qualitative Analysis

Voluntary to Mandatory 
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ICCE (future)

Mandatory

Rating Tools

Performance

Embodied Energy

Operational Energy

Quantitative Analysis
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ComparativeAnalysis

Embodied Energy

+ Operational Energy

Embodied Energy

+ Operational Energy

Visualization of 

Building Energy
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Organization related: Project Management, Partnering, 

Project Definition Rating Index, (PDRIÊ), Learning Organizations, 

Knowledge Management

Performance related: Total Building Commissioning, Lean 

Construction, Concurrent Engineering and Fast Tracking, Just in 

Time Production, Total Quality Management and Continuous 

Improvement Theories, Theories of Integration, Robotics

IS / IT related: nD CAD - parametric oriented web based real time 

multi-user platforms, Digital Building Process and As-built 

Documents

Codes and Standards related: Performance Base Building 

Codes, Performance Standards and Specifications, Smart Code, 

New Urbanism

Contract and Structure related: DBB, DB, DBOT, CMAR 

etc, Integrated Project Delivery Systems, Subcontractors and 

Vendors Alliances

Environmentally related: BREAMÊ, LEEDÈ, Energy StarÊ, 
GBToolÊ

Initiatives potential to 

tame exponentials?
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Value / Waste Relation
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VARIABILITY

PREDICTABILITY
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Waste Types: Discrete, 

Synergistic Systemic

 

Production: 

 Under 

 Over 

 Untimely 

 

Performance: 

 Non 

 Under 

 Over 

 Untimely 

 

Change: 

 Scope 

 Conditions 

 Errors 

 External 

 

Discrete Waste 

 

Systemic Waste 

 

Capital Facility 

Procurement and 

Production Systems 

 

 

Synergistic Waste 
(Affecting stockholders) 

 

Owner 

 

Designers 

 

Contractor 

 

Trade Partners 
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ÅPDS ïContracts

ÅSystemic nature of 

the industry

ÅProject Breakdown 

ÅLitigation (shift of 

value)

ÅDevalued Market

ÅNational Debt

Discrete Waste Synergistic Waste

(Affecting Stockholders)

Systemic Waste
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Stakeholders and Waste

Stakeholder

Type
Owner Designers Contractor

Trade 

Partners

Strategic

Logistic

Tactical

Design Experiment Execute Experiment
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SYSTEMIC WASTE

SYNERGISTIC WASTE
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Value / Waste

Type

Scale
VALUE WASTE ATTRIBUTES FUNCTION

DISCRETE
Material,

labor, O&P

Material, labor, cost, 

timeé

Quantity

Cost
Additive 

(+)

SYNERGISTIC

Responsive, 

Responsible 

and Timely

ÅNot Responsive 

ÅNot Responsible

ÅNot Timely 

Reputation, 

confidence, 

trust

Quality

Relational

Multiplication

(x)

SYSTEMIC

ÅContracts

ÅLocal, 
Regional, State, 

National and 

Global Economy 

Influences

ÅSafety Incident

ÅProject  Arbitration  

Dispute Resolution 

or Court

ÅTradition

ÅRisk Management

Contractual

Systemic 

Precedent Exponential

(xn)
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Waste

Copyright 2009 LCI

Reason Occurrence

ÅUnclear Information XXXXXXXXXXXX

ÅToo few operatives XXXXXXXXXX

ÅNo promise to deliver XXXXXXXX

ÅClient design change XXXXXX

ÅOverrated capacity XXXXXX

ÅLate request XXXXX

ÅUnclear requirement XXXX

ÅPrerequisite work XXX

ÅFailure to request XX

ÅCOS not made clear XX

ÅRework XX

ÅOther XX

ÅAbsent operative X

ÅUnplanned work X

28
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PDS / Initiatives Range of 

ñClaimedò Efficiency Gains

Project Delivery System Minimum Maximum

Design-bid-Build (DBB ïtraditional) 0% 0%

Design-Build (DB) or

Const. Management at Risk (CMAR)

5% 10%

Integrated 10% 15%

Process / Production Initiative Minimum Maximum

Lean Construction (Individual champions) 15% 20%

Lean Construction (Team multiple projects) 20% 35%

Lean Construction (Regional) 25% 40%

© 2010 J. F. Solis 29
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PPC Trend by Experience

(synergistic)
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ComparativeAnalysisDiscrete

Synergistic

Systemic

Visualization of 

Building Waste

Discrete

Synergistic

Systemic

WASTE WASTE
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Field Observations X X X X

Questionnaire Surveys X X X X X X X X X X

Interviews X

Other (analyzing 
existing databases)

X X X

Discrete Waste 
Literature Survey
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ωUp to 1.5 times more cement and up to 0.28 times more steel 
reinforcements were used on a multistory building project when 
compared to the designed quantities ςFormoso(2002)

ω 1-10% of the purchased material leaves the construction sites as 
waste ςBossink(1996)

ωCost of rectification is around 4% of the construction contract 
value ςMills et. al (2009)

ωCost savings could total 40% of the building price if appropriate 
waste management strategies are applied ςTreloar (2003)

ω9.4 CY of material waste was found in foundation work of a 3500 
SF, residential construction project ςGavilian et. al (1994)

Discrete Waste 
Findings
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Today

ÅMarketing

ÅEstimating

ÅScheduling

ÅWork Visualization

ÅClash Detection

BIM Today and 

Tomorrow

Tomorrow

ÅMake pro-forma work

ÅTarget Value Design

ÅTarget Value Costing

ÅWork Visualization

ÅClash Detection

ÅSafety Incident 

Prevention

ÅWaste Visualization
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