Publication of the Task Force on Value Engineering

Value Engineering for Savings in
Irrigation, Drainage and Flood
Management Projects
Compiled and Edited:

Dr. Kamran Emami

INTERNATIONAL COMMISSION ON IRRIGATION AND DRAINAGE (ICID)

International Commission on Irrigation and Drainage (ICID)
The International Commission on Irrigation and Drainage (ICID), established in 1950 is the leading
scientiﬁc, technical and not-for-proﬁt Non-Governmental Organization (NGO). ICID, through its

network of professionals spread across more than a hundred countries, has facilitated sharing of
experiences and transfer of water management technology for over half-a-century. ICID supports
capacity development, stimulates research and innovation and strives to promote policies and
programs to enhance sustainable development of irrigated agriculture through a comprehensive
water management framework.

ISBN No. 978-81-89610-28-9
ICID, 2021

September 2021

Disclaimer:
The presentation of material in ICID publications do not imply the expression of any opinion whatsoever on the
part of the International Commission on Irrigation and Drainage (ICID) concerning the legal or development
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. The mention of specific companies or products of manufacturers, whether or not
these have been patented, does not imply that these have been endorsed or recommended by ICID in
preference to others of a similar nature that are not mentioned.
Wherever the work involves specification of algorithms/ procedures in form of software or packages, the use
and derivation of the conclusion of the use therefrom shall remain sole responsibility of the user and ICID or
the author will, in no way, be held liable to the consequences arising out of such use or formulation of
conclusions. Users are advised to check themselves as to the numerical and procedural accuracies of these
products.
The designations employed and the presentation of material in the map(s) do not imply the expression of any
opinion whatsoever on the part of ICID concerning the legal or constitutional status of any country, territory or
sea area, or concerning the delimitation of frontiers.

Publication of the
Task Force on Value Engineering

Value Engineering for
Savings in Irrigation, Drainage and
Flood Management Projects

Compiled and Edited:

Dr. Kamran Emami

INTERNATIONAL COMMISSION ON IRRIGATION AND DRAINAGE (ICID)
48 Nyaya Marg, Chanakyapuri, New Delhi - 110021, India
E-mail: icid@icid.org; Website: http://www.icid.org
Tel: 91-11-26116837, 91-11-26115679; Fax: 91-11-26115962

Membership of Task Force on Value Engineering
(Now Working Group on Value Engineering (WG-VE))
Vice President Dr. Kamran Emami, Chairman (Iran)
Ir. Nor Hisham M. Ghazali, Secretary (Malaysia)
Dr. Toshihiko Kuno (Japan)
Vice President Hon. Mr. Francois Brelle (France)
Mr. Suman Sijapati (Nepal)
Mr. Abijit Joshi (Direct Member), Jain Irrigation Systems Ltd., India
Mr. Dilip Yewalekar (Direct Member), Jain Irrigation Systems Ltd., India
Secretary General, ICID

Dedication
This publication is dedicated to the people living in extreme poverty with passion, audacity, hope and
fortitude and to all engineers, scientists, researchers, teachers and artists who, by virtue of their
expertise, creativity and ethics, can take hold of the helm of the ship of the history and changing its
course for the benefit of all humanity.

Acknowledgements
The valuable contributions from following persons are duly acknowledged:
1. Members of WG-VE especially Dr. Kuno from Japan that provided the case studies of VE
application in irrigation projects in Japan.
2. Special thanks to Dr. Vijay K Labhsetwar (India) for his perpetual support and cooperation
and meticulous editing of the document
3. Staff of ICID Central Office for their support and cooperation. Members of Iranian National
Committee (IRNCID) especially Eng. Asadollahi, President Hon. Dr. Saeed Nairizi,
Eng. Ehsani, Eng. Akram, Eng. Nourozi and others.
4. Colleagues in KuritKara Consulting Engineers (Iran), especially Eng. Pourshahidi,
Eng. Kabiry, Ms. Aghaee, Ms. Gorji and others.
5. Special thanks to Ms. Tara Emami who played a key role in preparing this publication.

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

Table of Contents

PREFACE

........................................................................................................................................................1

FOREWORD

........................................................................................................................................................2

EXECUTIVE SUMMARY

........................................................................................................................................................3

CHAPTER 1:

THE GREAT WATER-RELATED CHALLENGES OF THE 21ST CENTURY ............................5

1.1

INTRODUCTION

.......................................................................................................................5

1.2

WATER-RELATED CHALLENGES IN THE 21ST CENTURY ....................................................................................6

1.3

ICID AND ITS VISION

1.4

1.5

1.6

.......................................................................................................................7

1.3.1

Water demand ..................................................................................................................................................7

1.3.2

Agriculture Water Management Issues ...........................................................................................................8

1.3.3

ICID Vision 2030 Goals and Strategy ..............................................................................................................8

1.3.4

Sustainable Development Goals (UN, 2015) ..................................................................................................9

1.3.5

Water-related Sustainable Development Goals - Progress......................................................................... 10

THE MEANING OF THE 21ST CENTURY.......................................................................................................14
1.4.1

The Transition Generation ............................................................................................................................ 14

1.4.2

The Earth’s Resources .................................................................................................................................. 15

1.4.3

The Canyon ................................................................................................................................................... 16

1.4.4

Eco-affluence ................................................................................................................................................. 16

1.4.5

Mega Problems.............................................................................................................................................. 17

1.4.6

Use of Creativity for Solving Problems in the Developing Worlds .............................................................. 19

CREATIVE SUSTAINABILITY ...................................................................................................................23
1.5.1

Flood Control ................................................................................................................................................. 23

1.5.2

The Advantages of the Present Alternative .................................................................................................. 25

SUMMARY

.....................................................................................................................28

CHAPTER 2: A BRIEF HISTORY OF EVOLUTION OF VALUE ENGINEERING .................................................................. 31
2.1

HISTORY AND APPLICATION ..................................................................................................................31

2.2

EXTENSION TO CONSTRUCTION SECTOR...................................................................................................32

2.3

SIGNIFICANT VALUE ENGINEERING MILESTONES .........................................................................................32

2.4

THE SUCCESS OF APPLICATION OF VALUE ENGINEERING IN TRANSPORTATION......................................................37

2.5

SUMMARY

.....................................................................................................................38

CHAPTER 3: INTRODUCTION TO VALUE ENGINEERING ................................................................................................... 39
3.1

INTRODUCTION

3.2

WHY DO PROJECTS HAVE “UNNECESSARY” COSTS? ....................................................................................39

.....................................................................................................................39

i

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

3.3

REASONS FOR POOR VALUE IN PROJECTS ................................................................................................40

3.4

THE VALUE METHODOLOGY .................................................................................................................41

3.5

3.6

3.4.1

Value Engineering Principles ....................................................................................................................... 42

3.4.2

The Five Components of an Effective Team ................................................................................................ 43

3.4.3

Effect of Team Size ....................................................................................................................................... 47

3.4.4

Applicability of Value Engineering ................................................................................................................ 49

3.4.5

VE Study Features ........................................................................................................................................ 50

3.4.6

Team Formation ............................................................................................................................................ 51

3.4.7

Implementation of Value Engineering........................................................................................................... 51

CREATIVITY AND DIVERGENT THINKING ....................................................................................................53
3.5.1

Left Brain vs. Right Brain and Creativity....................................................................................................... 53

3.5.2

Convergent Thinking and Divergent Thinking .............................................................................................. 54

3.5.4

What is Creative Inspiration? ........................................................................................................................ 56

3.5.5

‘Six Thinking Hats’ Method............................................................................................................................ 56

FAST METHOD

.....................................................................................................................59

3.6.1

History and Description ................................................................................................................................. 59

3.6.2

Benefits

3.6.3

How to Create a FAST Diagram ................................................................................................................... 60

3.6.4

Steps in Constructing the FAST Diagram .................................................................................................... 60

3.6.5

Example Fast Diagram: Mouse Trap ............................................................................................................ 61

..................................................................................................................................................... 60

3.7

VE JOB PLAN

3.8

STANDARD VALUE ENGINEERING ACTIVITIES ..............................................................................................64

.....................................................................................................................61

3.8.1

Pre-Workshop Activities ................................................................................................................................ 64

3.8.2

Workshop Activities ....................................................................................................................................... 65

3.8.3

Post-Workshop Activities .............................................................................................................................. 67

3.8.4

Value Study Follow-Up Activities .................................................................................................................. 67

3.9

THE MAIN PRINCIPLE OF VE CERTIFICATION PROGRAM: ................................................................................68

3.10

INHIBITORS AND ROADBLOCKS...............................................................................................................68

3.11

SUMMARY

.....................................................................................................................70

CHAPTER 4: VALUE ENGINEERING PROGRAMS ................................................................................................................ 73
4.1

VE PROGRAMS

4.2

KIMIAB VE PROGRAM IN KWPA .............................................................................................................76

4.3

U.S. ARMY CORPS OF ENGINEERS (USACE) VALUE MANAGEMENT / VALUE ENGINEERING (VM/VE) PROGRAM ..............79
4.3.1

.....................................................................................................................73

HISTORY, MISSION AND POLICY ..............................................................................................80

ii

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

4.4

4.3.2

TRAINING IN VALUE ENGINEERING ...........................................................................................80

4.3.3

CONTRACTOR PARTICIPATION ................................................................................................81

4.3.4

APPLICATION OF VE IN US CORPS’ PROJECTS: ...........................................................................81

SUMMARY

.....................................................................................................................86

CHAPTER 5: CASE STUDIES OF APPLICATIONS OF VE IN IRRIGATION, DRAINAGE AND FLOOD PROJECTS ...... 89
5.1

APPLICATION OF VE IN CANADA- RED RIVER FLOODWAY EXPANSION, WINNIPEG, CANADA .......................................89

5.2

APPLICATION OF VE IN IRAN .................................................................................................................91

5.2.1

RAMHORMOZ IRRIGATION AND DRAINAGE PROJECT, IRAN ..............................................................................91

5.3

5.2.2

Paveh Roud Irrigation Plan in Zanjan, Iran .................................................................................................. 93

5.2.3

Abshouran River, Iran ................................................................................................................................... 95

VE FOR JAPANESE PUBLIC WORKS IN IRRIGATION AND DRAINAGE SECTOR..........................................................96
5.3.1

Case No.1: VE Applied to National Reclamation and Construction Project in South Kimotuski Area ..... 96

5.3.2

Case No.2: VE applied to Rehabilitation Project of Miyagawa Irrigation Area ........................................... 98

5.3.3

Case No.3: VE applied to Rehabilitation Project of Ryoutiku Plain Irrigation Area ..................................... 99

5.3.4

Case No.4: VE applied to Rehabilitation Project of Yahagi-gawa Irrigation System in 2002 ................... 100

5.3.5

Case No.5: VE applied to Japanese National Irrigation and Drainage Project of
So-Hokubu Area in 2001 ............................................................................................................................. 101

5.4

APPLICATION OF VE IN USA- RIO DE FLAG FLOOD CONTROL PROJECT, CITY OF FLAGSTAFF, ARIZONA, USA ............... 103

5.5

SUMMARY

................................................................................................................... 104

CHAPTER 6: SUMMARY AND CONCLUSIONS.................................................................................................................... 107
6.1

VE, AN EFFECTIVE AND EFFICIENT TOOL FOR THE CHALLENGES OF 21ST CENTURY............................................... 107

6.2

CHALLENGES FOR SUCCESSFUL APPLICATIONS OF VE ................................................................................ 111

6.3

CONCLUDING REMARKS ................................................................................................................... 111

List of Figures and Tables
Figure 1.1.

World population from 1000 BC to 2300 BC. .................................................................................. 5

Table 1.1.

A Summary of UNICEF report on The State of the World’s Children, 2005 ..................................... 6

Figure 1.2.

Sustainable Development Goals (UN, 2015) ................................................................................ 10

Figure 1.3.

World Population Living in Extreme Poverty, from 1820 to 2015 ................................................... 11

Figure 1.4.

Share of population with access to basic infrastructure services in the world
from 1990 to 2015 ....................................................................................................................... 12

Figure 1.5.

Number of people using safely managed drinking water from 2000 to 2015 .................................. 12

Figure 1.6.

Region wise annual CO2 emissions, including USA, China and UK .............................................. 13

iii

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects
Figure 1.7.

The cover of “The Meaning of the 21st Century” book by James Martin (2007) ............................. 14

Figure 1.8.

The Earth’s temperature change over time ................................................................................... 15

Figure 1.9.

Mega problems at a glance in the 21st century............................................................................. 18

Figure 1.10. The challenges of the 21st century in the context of engineering perspective................................ 18
Figure 1.11. The all-terrain wheelchair invented by Amos Winter ..................................................................... 19
Figure 1.12. A baby blanket designed to keep premature babies warm without any use of electricity ................ 20
Figure 1.13. The lifesaving bottle for purifying filthy water ................................................................................ 21
Figure 1.14. The SMART Tunnel ..................................................................................................................... 21
Figure 1.15. How the SMART tunnel works ..................................................................................................... 22
Figure 1.16. Construction of the dam on a brick arch to manage floods during construction ............................. 23
Figure 1.17. 25 m high Abbasi flood-retarding dam .......................................................................................... 24
Figure 1.18. Flood Attenuation in Abbasi retarding dam ................................................................................... 25
Figure 1.19. A view of the arch of Abbasi dam from underneath....................................................................... 26
Figure 1.20. Modification of flood control dam (A: Planned dam by Hyogo Prefecture, B: Modified one) ........... 27

Figure 2.1.

An early Value Analysis team working on a GE project ................................................................. 31

Figure 2.2.

A before-and-after example used by Larry Miles. The wire form represented
identical function at a 63% savings .............................................................................................. 32

Figure 2.3.

A classic example of Value Analysis results showing a first analysis followed by a
second analysis with a resultant 90% cost savings ....................................................................... 33

Figure 2.4

Larry Miles looking at turbo-supercharger for the B-24 (VE was used to solve
shortages of strategic materials) .................................................................................................. 33

Figure 2.5.

A book by Charles Bytheway on FAST method ............................................................................ 34

Figure 2.6.

Presidential Citation Awarded to Larry Miles ................................................................................ 35

Figure 2.7.

The Imperial Medal was awarded to Larry Miles posthumously in 1985. ....................................... 35

Figure 2.8.

The Timeline for Evolution of VE .................................................................................................. 36

Figure 2.9.

DOD VE Savings and Cost Avoidance ......................................................................................... 37

Figure 2.10. Summary of Past VE Saving Federal-Aid Highway Projects (1997-2019) in USA .......................... 37

Figure 3.1.

Cumulative Value Engineering Cost Prevention and Savings. ...................................................... 39

Figure 3.2.

Creativity and action-orientation distribution in a society ............................................................... 43

Figure 3.3.

Teamwork, common people and uncommon results ..................................................................... 43

Figure 3.4.

An effective team is united, cohesive and works towards a common goal ..................................... 44

Figure 3.5.

The Five components of an effective team are integrated and together they
create what we call as “synergy” .................................................................................................. 44

Figure 3.6.

Shared Values put the team members on the same page............................................................. 45

iv

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects
Figure 3.7.

The team leader has a key role in the success (VE study of Taleghan Water
Tunnel, May 2018)....................................................................................................................... 45

Figure 3.8.

Without good communication, VE workshops would be boring and the
probability of success would decrease considerably ..................................................................... 47

Figure 3.9.

The effect of team size on productivity ......................................................................................... 48

Figure 3.10. Benefits of Using Value Engineering ............................................................................................ 49
Figure 3.11. Life Cycle Cost Distribution .......................................................................................................... 51
Figure 3.12. Impacts on Costs ......................................................................................................................... 51
Figure 3.13. Pareto’s Law of Distribution in total costs ..................................................................................... 52
Figure 3.14. When to use VE........................................................................................................................... 53
Figure 3.15. Left Brain vs. Right Brain People.................................................................................................. 54
Figure 3.16. An example of a Semantic Network in the brain ........................................................................... 55
Figure 3.17. An example of linear thinking ....................................................................................................... 56
Figure 3.18. Edward de Bono .......................................................................................................................... 57
Figure 3.19. The cover of the book ‘Six Thinking Hats’..................................................................................... 57
Figure 3.20. Description of the Six Thinking Hats ............................................................................................. 58
Figure 3.21. Directions in a simple FAST diagram ........................................................................................... 61
Figure 3.22. A FAST diagram example: Mouse trap. ........................................................................................ 62
Figure 3.23. The FAST diagram of Shatoot project. ......................................................................................... 62
Figure 3.24. Phases of VE Job Plan at one glance .......................................................................................... 63
Figure 3.25. Value Study Process Flow Diagram ............................................................................................. 64
Figure 3.26. Value Engineering Process Diagram ............................................................................................ 68
Figure 3.27. Knowledge Iceberg Theory .......................................................................................................... 69
Figure 3.28. The main strength of Value Engineering for removing unnecessary costs ..................................... 69

Figure 4.1.

A typical VE program ................................................................................................................... 74

Figure 4.2.

Enthusiasm for VE during ICID Congress in Mexico City (2017) ................................................... 75

Figure 4.3.

VE Training workshop for MS. Students of Berlin and Bonn Universities in
Tehran (March 2018) ................................................................................................................... 75

Figure 4.4.

The evaluation of VE training workshop for German students (2018) ............................................ 75

Figure 4.5.

Kimiab VE Programs ................................................................................................................... 76

Figure 4.6.

Overview of Kimiab VE program .................................................................................................. 77

Figure 4.7.

The evaluation poll of 20 Level 1 training workshops by some 400 trainees .................................. 77

Figure 4.8.

Passion for VE during training workshops .................................................................................... 78

Figure 4.9.

The design proposed by the consultants for South-east water transfer (base case) ...................... 79

Figure 4.10. The VE alternative for South-east water transfer proposed by the multi-disciplinary team ............. 79

v

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects
Figure 4.11. Command & General Staff College Project................................................................................... 82
Figure 4.12. Little Goose Temporary Spillway Weir Project .............................................................................. 82
Figure 4.13. Los Angeles County Drainage Area Project.................................................................................. 83
Figure 4.14. Portuguese Dam Project .............................................................................................................. 84
Figure 4.15. Southeast Louisiana Flood Control (SELA) Project....................................................................... 84
Figure 4.16. Tuttle Creek Dam VE Project ....................................................................................................... 85
Figure 4.17. Riverbank Stabilization at Moccasin Bend Project ........................................................................ 85
Figure 4.18. Rio de Grande Arecibo Flood Damage Reduction Project ............................................................ 86

Figure 5.1.

Local Study Area for Red River Floodway project ......................................................................... 89

Figure 5.2.

Red River downstream of the Floodway. ...................................................................................... 90

Figure 5.3.

The location of Ramhormoz Project ............................................................................................. 91

Figure 5.4.

The general layout of Ramhormoz Project (third development block) ............................................ 92

Figure 5.5.

The VE Team of Ramhormoz Project ........................................................................................... 92

Figure 5.6.

FAST diagram of the Ramhormoz Project .................................................................................... 93

Figure 5.7.

Paveh Roud Irrigation Project ...................................................................................................... 94

Figure 5.8.

The Paveh Roud Value Engineering team.................................................................................... 94

Figure 5.9.

Basic Design of Paveh Roud Irrigation Project ............................................................................. 95

Figure 5.10. Abshouran Basic design .............................................................................................................. 95
Figure 5.11. VE suggestions for Abshouran project ......................................................................................... 96
Table 5.1.

Summary of costs and savings of above projects: ...................................................................... 103

Figure 6.1.

NASA Project Management Success Model. .............................................................................. 107

Figure 6.2.

The components of organizational learning in NASA .................................................................. 109

Figure 6.3.

The Pillars of Positive Peace ..................................................................................................... 109

Figure 6.4.

Top 10 Job Skills in 2020 vs. 2015 ............................................................................................. 110



vi

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

PREFACE
This publication on “Value Engineering for Savings in Irrigation, Drainage and
Flood Projects”, as an output of the Task Force on ‘Value Engineering’, aims
to promote the application of Value Methodology, VM (Value Engineering,
Value Analysis, Value Planning, Value Management and Value Engineering
Change Proposal (VECP)) in irrigation, drainage and flood management
projects to increase benefits, reduce cost and ensure sustainable irrigated
agriculture.
VM has been very effective in transportation, building and other Projects. In
this context, it is envisioned that VM would be an effective and efficient tool
for identifying and removing unnecessary cost in Irrigation and Drainage
Projects and ensuring sustainable irrigation projects.
Accordingly, the members of the task force contributed their case studies from Canada, Iran, Japan and
USA to enrich the contents of this publication. This benchmark publication of its kind is expected to
enlighten the professionals engaged in Irrigation and drainage sector in huge cost savings and thereby
enhancing the benefits from the irrigation/drainage projects worldwide.
The Chairman of the Task Force on Value Engineering Dr. Kamran Emami (Iran) was pivotal in bringing
the concept of ‘Value Engineering’ in ICID, establishing the Task Force, organizing numerous seminars
and workshops during ICID Annual Events (2012-16) and eventually providing the leadership in bringing
out this publication. My special thanks are due to Vice President Dr. Kamran Emami. My special
appreciation is also due to Er. Harish K Varma (Executive Director) and Er B.A. Chivate (Director –
Technical) for reviewing the manuscript. Thanks, are also due to the ICID Central Office team consisting
of Mr. Madhu Mohanan (Communication Officer), Mr. Mukesh Kumar Barthwal (Assistant Program
Officer-Technical) and Mr. Keshav Dev Tanwar (Assistant IT Officer) and others for their dedication in
bringing out this publication to you. My profound thanks are also due to Dr. Vijay K Labhsetwar, the then
Director at ICID, for providing a formative role at the inception of the Task Force, providing support in
organizing the seminars/workshops and lastly meticulous editing of the final manuscript and brining this
publication to its final shape.
We hope that this ICID publication finds a place in your library.

Er. A. B. Pandya
Secretary General, ICID
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FOREWORD
The United Nations Sustainable Development Goals (SDGs), adopted in
September 2015, are targets set to be achieved by 2030. Most countries
of the world have agreed to work together towards achieving these goals.
Water, as the main input for food production, has played the most
significant role in the societal evolution over much of the recorded human
history. Numerous civilizations flourished and vanished over a period of
time because of the way they managed their agricultural water. By being,
a direct or indirect, part of 7 out of 17 SDGs, water assumes inclusive
dimension both as a natural resource for rural development and an
essential input for industrial and human (life-style) consumption. In this
context, ICID Vision 2030 of “A water secure World free of poverty and
hunger through sustainable rural development” has been defined and a relevant roadmap has been
developed in 2017.
The SDG #1 clearly states that "By 2030, eradicate extreme poverty for all people everywhere". The
share of the world population in extreme poverty declined from almost 99% two centuries ago to below
10% in 2015.
More than 700 million humans (some 10 percent of world population) are living in conditions of extreme
poverty in 2021. Projections by Crespo Cuaresma et al. published in 'Nature' in 2108 showed that the
number of people in extreme poverty may fall to about 450 million people by 2030. To fully eradicate
extreme poverty for all people everywhere may require equivalent to savings of approximately $250
billion annually which is less than 0.3% of world GDP. Based on worldwide experience, Value
Methodology can facilitate average savings of about 20% to 30% of total project costs in developing
countries. In this context, ICID formed a Task Force on ‘Value Engineering (VE)’ which prepared this
document for promoting VE in water sectors. The “Transition Generation” is most important part of the
humanity that has to cope with the mega challenges of the 21st century. The “Transition Generation”
must be inspired and empowered to adopt Value Methodology resulting in enhanced costs savings. In
this context, it is envisioned that Value Methodology may prove to be an effective and efficient tool.
This publication provides the readers with a glimpse of challenges and the meaning of the 21 st Century
along with the way forward for financial savings in water projects through application of the principles of
‘Value Engineering’.

Dr. Kamran Emami
Vice President, ICID
Chairman, TF-VE / WG-VE
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EXECUTIVE SUMMARY
The 20th century was the century of explosive population growth, resulting in unprecedented impacts.
At the start of the 21st century, humankind finds himself on a non-sustainable course – a course that,
unless changed, will lead to catastrophes of terrible consequences. We are at an extraordinary
crossroad of human history. Our actions or failures to act during the next decades will determine the
fate of the human civilization for centuries to come. This is a MAKE-or-BREAK century!
According to a 2020 World Economic Forum (WEF) article, COVID-19 offers an opportunity to "reset
and reshape" the world in a way that is more aligned with the United Nations 2030 Sustainable
Development Goals (SDG), which necessitated urgent action in respect of climate change, inequality
and poverty. Another post-COVID concern raised by the WEF is food security.
In June 2020, Klaus Schwab, who founded the WEF in 1971 and is currently its CEO, described the
three core components of the ‘Great Reset’. The third component of the ‘Great Reset’ agenda is to
"harness the innovations of the Fourth Industrial Revolution" for the public good. Schwab used the
phrase "Fourth Industrial Revolution" in his 2015 article and said that the first industrial revolution was
powered by "Water and Steam" to mechanize production processes. Through electrical power, the
second industrial mass production was introduced. Electronics and information technologies automated
the production processes in the third industrial revolution. In the fourth industrial revolution, the lines
between "physical, digital and biological spheres" have become blurred and this current revolution,
which began with the digital revolution in the mid-1900s, is "characterized by a fusion of technologies".
This fusion of technologies included fields such as artificial intelligence, robotics, the internet of things,
autonomous vehicles, 3-D printing, nanotechnology, biotechnology, materials science, energy storage
and quantum computing.
The vision for 2030 of the International Commission on Irrigation and Drainage (ICID) is “A water-secure
world free of poverty and hunger through sustainable rural development”. In order to feed the 9 Billion
people in 2050, under current market, institutional and economic systems, the world must produce 40%
more food in developed countries and 100% more in developing countries. These challenges have to
be met with limited land and water resources, using less energy, fertilizer and pesticides and under
climate change uncertainties while coping with rapid developments in many other related spheres. In
short, we must do MORE with LESS. In this context, Value Methodology (VM) can be an effective and
efficient tool for improving water projects by “fusion of technologies”. VM can be defined as the
systematic application of recognized techniques by an independent and multi-disciplined team for
improving the value of projects, processes and products by decreasing costs (Life Cycle Costs),
increasing profits, improving quality and performance.
The main theme of this publication is effectiveness and efficiency of Value Engineering as one of the
proven productivity techniques for improving water projects. This is supported by the following
arguments:
(a)
(b)
(c)
(d)

(e)

VM or VE can be considered as a Rigorous Review of the projects (as recommended by
NASA);
VE is a proven technique (as average savings of 5% to 15% equivalent to hundreds of Billions
of dollars as demonstrated by application of VE in the transportation projects of US);
VM has extensive applications in all disciplines for projects, processes and products.
VM can result in unbelievable returns on investment (ROI). The ROI of VE studies can be in
the range of 100 to 1000 times in developing countries and is about 150 times in highway
projects of U.S.;
The top job skills developed by WEF are closely associated with VE and consequently VE can
result in improved job skills:
▪
▪
▪

Complex Problem Solving
Critical Thinking
Creativity
3
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▪
▪
▪
▪
(a)

People Management
Coordinating with others
Emotional Intelligence
Judgement and decision making

The independent and external perspective of the VE teams can reduce the bias in the design
and consequently the chance of creating win-all scenarios;
VE can play a key role in ensuring sustainable irrigated agriculture;
VE can be used to inspire and empower the transition generation;
VE can enhance organizational learnings;
VE methodology matches with the results of research conducted on creativity;
VE can promote IT schemes and non-structural approaches;
VE can be used to buttress peace by developing win–win scenarios especially on disputes on
trans-border water;
Novel ideas of a VE study can be converted to standard practices in time;
VE can be used to devise win–win scenarios (especially when there is competition for water);
Most people are passionate about creativity, innovation and VE;
If savings from a VE study are properly invested (i.e. for capacity building), more savings could
be expected in future VE studies;
VE has proven to be effective and efficient for coping with uncertainties in water engineering.

(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
(j)
(k)
(l)

On the other hand, successful applications of VE are challenging, especially in developing countries
with limited resources and experiences. The most important prerequisites for implementation of VM/VE
are as follows:
•

Appropriate laws and regulations;

•

Strong belief of senior managers in VE and their support;

•

To understand that relatively long time needed for VE implementation;

•

Required human and financial resources;

•

Enthusiasm for VE among managers and engineers;

•

Benefits to all sectors and users-win–win scenarios.

According to the United Nations world water development report 2021: “Valuing Water”, achieving
universal access to safe drinking water and sanitation in 140 low- and middle-income countries would
cost approximately US$ 1.7 Trillion from 2016 to 2030, or US$ 114 Billion per year. The benefit–cost
ratio of such investments has been shown to provide a significant positive return in most regions.
Returns on hygiene are even higher, as they can greatly improve health outcomes in many cases with
little need for additional expensive infrastructure. In this context, it should be pointed out that US$114
Billion per year is roughly 0.001 (or 0.1%) of the world GDP. Consequently, SAVINGS in water projects
can be equivalent to saving LIVES. In context of saving lives, the quick development of the COVID19 vaccines is unprecedented and serves as a vivid and illustrating example of the potentials of the
mankind. This great achievement can inspire all who are taking on the great challenges of 21 st century.



4

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

CHAPTER 1:

The Great Water-related Challenges of the
21st Century

1.1 Introduction
The 21st century would be very distinct from the other centuries in the history of mankind. According to
Dr. James Martin (2007), an entrepreneur and founder of the 21st Century School at the University of
Oxford, “We are at an extraordinary crossroad of human history. Our actions, or failure to act, during the
next decades will determine the fate of the Earth and human civilization for centuries to come. This is a
make-or-break century”.
The 20th century was the century of explosive population growth resulting in unprecedented impacts. In
contrast, for the first time in human history, the 21st century is likely to see the stable world population
growth (Figure 1.1). With the current trend of sophistication of technologies, it may be envisioned that
by the end of the 21st century, even the poorest human beings would enjoy the basic needs of life.
Nonetheless, reaching this status may encompass unimaginable human sufferings. Based on a report
of UNICEF (2004), entitled The State of the World’s Children 2005: Childhood under Threat, it is said
that, for nearly half of the two billion children in the real world, childhood is starkly and brutally different
from the ideal we all aspire to. Poverty denies children their dignity, endangers their lives and limits their
potential. Conflict and violence rob them of a secure family life; betray their trust and hopes. HIV/AIDS
may kill them, their parents, their teachers, their doctors and nurses. A summary of these horrible
statistics given in the report is presented in Table 1.1. If the current trend of resources and demands
continues in coming years, we could face unprecedented disasters like floods and droughts. The
challenges are immense but the eventual potentials of humans to overcome these challenges are
unimaginable at the same time.

Figure 1.1. World population from 1000 BC to 2300 BC.
(‘Mrd.’ = 1000 Million = 1 Billion)

Moreover, based on UNICEF Report (2016), The State of the World's Children 2016: A fair chance for
every child, unless the world tackles inequity today, the following may happen by 2030:
•

167 million children may l live in extreme poverty;

•

69 million children under age 5 may die between now and 2030;

•
•

60 million children of primary school age may be out of school;
And 9 out of 10 of the world’s children living in extreme poverty may live in sub-Saharan Africa.
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1.2 Water-related Challenges in the 21st Century
Based on IPCC WGII Fourth Assessment Report on climate change in 2007, climate change would be
one of the key challenges of mankind in the coming decades. Key findings of the report show that:
•

75-250 million people across Africa could face water shortages by 2020;

•

More heavy rain events are very likely and more areas are likely to be hit by floods;

•

Crop yields could increase by 20% in East and Southeast Asia, but decrease by up to 30% in
Central and South Asia;
Yields in rain fed agriculture could drop by 50% in some African countries by 2020;

•
•
•

20-30% of all plant and animal species could be at increased risk of extinction if temperatures
rise between 1.5-2.5˚C;
Glaciers and snow cover are expected to decline, reducing water availability in countries
supplied by melting water.

The report states that the observed increase in the global average temperature was “very likely” due to
man-made greenhouse gas emissions. The scientific work reviewed by IPCC scientists includes more
than 29,000 pieces of data on observed changes in physical and biological aspects of the natural world.
89% of these, it believes, are consistent with a warming world. People living in poverty would be worst
affected by the effects of climate change. The findings of the report underline how important it is for
every country to adapt to the climate change that is already under way.
Table 1.1. A Summary of UNICEF report on The State of the World’s Children, 2005
Number of children in the world:

2.2 billion

Number of children living in poverty:

1 billion

Number of children in developing countries who live without adequate shelter:
Number of children who have no access to safe water:

640 million
400 million (1
in 5 children)

Number of children who have no access to health services:

270 million

Number of children who are out of school:

121 million

Total number of children younger than five living in France, Germany, Greece and Italy:

10.6 million

Total number of children worldwide who died in 2003 before they were five:

10.6 million

Daily toll of children in the world who die before their fifth birthday:

29,200

The number of children who die each day because they lack access to safe drinking water
and adequate sanitation:

3,900

Water-related extreme events, floods and droughts, are natural phenomena, which will continue to
happen. The risk is likely to grow in the 21st century, heralded as the age of water scarcity, while flood
losses also show a rising tendency. Recent climate variability and change seems to have adversely
affected flood and drought hazard in several areas and this tendency is likely to increase.
Less developed countries do not have adequate financial and qualified human resources and cannot
cope with hydrological extremes without foreign and international assistance. Increase of effective
assistance to the less developed countries is extremely desirable.
While flood and drought protection is necessary to the present generation to attain a fair degree of
freedom from extreme water-related events, it must be done in such a way that future generations are
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not adversely affected. According to the UK Environment Agency, sustainable defence schemes should
be executed such that future generations do not have to face inappropriate options for defence.
There is no single universal remedy against water-related extremes and it is necessary to use a sitespecific mix of measures, including structural and non-structural ones. This fact calls for more
emphasize on creativity and innovations. A process to open the mind to new ideas by breaking down
existing constraints is needed. This book is trying to demonstrate that coping with the water related
challenges in the 21st century requires major technical shift with innovations. In this context based on
worldwide experiences, Value Engineering - a systematic management technique, encourages creativity
and synergy by an independent, multi-disciplinary team - can play a key role.

1.3 ICID and its Vision
The International Commission on Irrigation and Drainage (ICID), established in 1950, is perhaps the
only global professional irrigation and drainage network, which strives to bring together various
stakeholders of the irrigation and drainage sector to promote sustainable management of water for
agriculture worldwide. ICID provides a unique platform for exchange of knowledge and information
related to agricultural water management - irrigation, drainage, drought and flood management. It
promotes its objectives through a network of professionals associated with National Committees (NC)
in member and non-member countries, like-minded international organizations, private companies, and
institutional and individual members.
The ICID vision for 2030 is “A water-secure world free of poverty and hunger through sustainable rural
development”. Ban Ki Moon, UN Secretary General described sustainability as:



At its essence, sustainability means ensuring prosperity and environmental protection without compromising the ability of

future generations to meet their needs. A sustainable world is one where people can escape poverty and enjoy decent work
without harming the Earth’s essential ecosystems and resources; where people can stay healthy and get the food and water they
need; where everyone can access clean energy that doesn’t contribute to climate change; where women and girls are afforded
equal rights and equal opportunities.
The ICID is vigorously contributing to this vision through activities of its numerous working groups and task forces.
- Ban Ki Moon, UN Secretary General

1.3.1

Water demand

Water, as the main input for food production, has played the most significant role in population growth
and societal evolution over much of the recorded human history. It, as the key natural resource, is
fundamental to all economic, social and environmental development processes. Thus, efficient water
resources management is essential for achieving poverty reduction through inclusive growth;
maintaining public health and food security; providing livelihoods with dignity for all; and nourishing longlasting harmony with the Earth’s essential ecosystems. Numerous civilizations flourished and vanished
in due course of time because of the way they managed their agricultural water. By being a direct or
indirect part of 7 Sustainable Development Goals out of 17 Goals (explained further in the text), water
assumes inclusive dimension both as a natural resource for rural development and an essential input
for industrial and human (life-style) consumption.
Freshwater is essential for all life in general and production of food in particular. It also plays vital roles
in achieving progress in all aspects of development. As it plays a vital role in all the developmental
processes, demands for freshwater, food and energy will continue to increase over the coming decades
to meet the needs of growing populations and economies, changing lifestyles and evolving consumption
behaviors. These trends will greatly amplify existing pressures on finite natural resources and on
ecosystems and the life-sustaining services they provide. As countries commit themselves to reduce
their carbon footprints under National Climate Change Action Plans, increasing energy demand has put
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further stress on agricultural production for bio-energy, and in turn on the land and water resources
needed for it.
Ironically, agricultural water seems to be a victim of its own success as it supports the human life, and
enables better living conditions, only to be eventually challenged by increasing demand on its share of
the pie, i.e., available freshwater. Due to increasing industrial prosperity over the last several decades
and demographic changes taking place around the world, urban oriented socio-economic considerations
have started attracting greater attention of policy makers and investors at the direct cost of rural water
issues.
1.3.2

Agriculture Water Management Issues

In order to feed the 9 billion people in 2050, under current market, institutional and economic systems,
the world must produce 40% more food by 2050 and 100% more in developing countries. These
challenges have to be met with limited land and water resources, using less energy, fertilizer and
pesticides and under climate change uncertainties while coping with rapid developments in many other
related spheres. Increasing food production through sustainable use of water will, among others, require
large investments in infrastructure, and research and development that are compatible with the
preservation of ecosystems and resilient to climate change. Globally, the current growth rates of
agricultural water withdrawals are unsustainable to begin with. Therefore, the sector must work
efficiently to increase water and crop productivity. Agricultural water pollution, which can worsen with
increased intensification of agriculture, will also need to be managed well.
Climate change is expected to result in increased frequency of droughts, while some will experience
increasing incidences of floods and other extreme events due to increasing trends in precipitation
intensity and variability. This increasing variability of climate exacerbates risk and unpredictability for
farmers, particularly those who mainly depend on the rain-fed agriculture and are the most economically
vulnerable and the least capable to adapt. In order to make agriculture sector sustainable as well as
profitable, it is imperative to increase the climate resilience of agriculture by expanding irrigated area,
among others, without any further increase in water withdrawals.
The challenges at the interface of water and sustainable development vary from one region to another.
Increasing resource use efficiency, reducing waste and pollution, influencing consumption patterns and
choosing appropriate technologies were the main challenges faced in Europe and North America.
Maintenance of old drainage systems in the reclaimed agricultural lands is presenting new challenges
in some of the countries. Although the region does not suffer from large precipitation variability, incidents
of droughts are increasing. Reconciling different water uses at the basin level and improving policy
coherence nationally and across the borders will be priorities for many years to come.
Sustainability of irrigation and drainage services in some regions of the world are as below:
•

In the Asia and the Pacific region: To support high density of population, it is essential to meet
the basic need for access to food and safe drinking water.

•

In the Arab region: Options to enhance water supplies include water harvesting, wastewater
reuse and solar energy-based desalination combined with micro-irrigation technologies that
make efficient use of expensive water and improve financial viability of agriculture.

•

In Latin America and the Caribbean region: Possible solutions lie in making agriculture
systems resilient against droughts and modernizing existing large irrigation systems.

•

In Africa: Unlike the Asian region, the aim should be to make agriculture a sustainable and
vibrant driver of national economies. Currently only 5% of the Africa’s potential water resources
are developed and average per capita storage is 200 m3 as compared to 6,000 m3 in North
America. Only 5% of Africa’s cultivated land is irrigated with less than 10% of hydropower
potential having been utilized for electricity generation. There is a need for development of both
infrastructure as well as human capacity.

1.3.3

ICID Vision 2030 Goals and Strategy
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ICID Vision for 2030 sets out six organizational goals:
•

Goal A:

Enable Higher Crop Productivity with Less Water and Energy

•
•

Goal B:
Goal C:

Be a Catalyst for a Change in Policies and Practices
Facilitate Exchange of Information, Knowledge and Technology

•

Goal D:

Enable Cross-Disciplinary and Inter-Sectorial Engagement

•

Goal E:

•

Goal F:

Encourage Research and Support Development of Tools to Extend Innovation into
Field Practices
Facilitate Capacity Development

An example of ICID strategy for achieving these goals is described as below for Goal A:
ICID network would advocate with the national governments and funding agencies to make strategic
choices that favour higher crop production using less energy and water, thereby contributing to
sustainable agricultural water management and net increase in farmers’ income and profits. This is
proposed to be achieved by implementing the following strategies:
•

Strategy 1.1:

Modernizing Irrigation Systems

•

Strategy 1.2:

Improving O&M of Irrigation Systems

•

Strategy 1.3:

Implementing Water Saving Techniques and Technologies

•

Strategy 1.4:

Promoting Institutional Reforms

•

Strategy 1.5:

Supporting Water Productivity Enhancement

•

Strategy 1.6:

Improving Performance of Irrigation Systems

•
•

Strategy 1.7:
Strategy 1.8:

Using Wastewater or Poor-Quality Water for Irrigation
Encouraging Participatory Management of Irrigation Systems

NCs will be the key players in working towards this goal through their national stakeholders. ICID
technical Working Groups will provide the key inputs crystalized through shared experiences to achieve
this goal.
As far other goals and strategies of ICID Vision 2013 are concerned, they can be viewed at:
https://www.icid.org/icid_vision2030.pdf
1.3.4

Sustainable Development Goals (UN, 2015)

Sustainable development goals are described in the following:
•

Goal 1.

End poverty in all its forms everywhere.

•

Goal 2.

End hunger, achieve food security and improved nutrition and promote sustainable
agriculture.

•

Goal 3.

Ensure healthy lives and promote well-being for all at all ages.

•

Goal 4.

Ensure inclusive and equitable quality education and promote lifelong learning
opportunities for all.

•

Goal 5.

Achieve gender equality and empower all women and girls.

•
•

Goal 6.
Goal 7.

Ensure availability and sustainable management of water and sanitation for all.
Ensure access to affordable, reliable, sustainable and modern energy for all.

•

Goal 8.

Promote inclusive and sustainable economic growth, full and productive employment
and decent work for all.

•

Goal 9.

Build resilient infrastructure, promote inclusive and sustainable industrialization and
foster innovation.
9

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

•

Goal 10.

Reduce inequality within and among countries.

•

Goal 11.

Make cities and human settlements inclusive, safe, resilient and sustainable.

•

Goal 12.

Ensure sustainable consumption and production patterns.

•

Goal 13.

Take urgent action to combat climate change and its impacts.

•

Goal 14.

•

Goal 15.

Conserve and sustainably use the oceans, seas and marine resources for
sustainable development.
Protect, restore and promote sustainable use of terrestrial ecosystems, sustainably
manage forests, combat desertification, and halt and reverse land degradation and
halt biodiversity loss.

•

Goal 16.

Promote peaceful and inclusive societies for sustainable development, provide
access to justice for all and build effective, accountable and inclusive institutions at
all levels.

•

Goal 17.

Strengthen the means of implementation and revitalize the Global Partnership for
Sustainable Development.

Figure 1.2. Sustainable Development Goals (UN, 2015)

1.3.5

Water-related Sustainable Development Goals - Progress

The 7 water-related sustainable development goals and their progress can be summarized as below:
•

Extreme poverty rates have fallen by more than half since 1990. While
this is a remarkable achievement, one-in-five people in developing
regions still live on less than $1.90 a day. In terms of statistics, the
share of the population living in extreme poverty has decreased from
about 60.0% in 1990 to about 10.0% in 2015 (Figure 1.3).
Furthermore, the share of population with access to basic
infrastructure services in the world can be seen in Figure 1.4.
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•

From 1991 to 2015, the population percentage that is undernourished
has dropped from 18.6% to 10.8%. Moreover, the percentage of
children younger than 5 that suffer from stunting has decreased from
39.5% in 1990 to 22.9% in 2016. This data shows that we are making
a good progress towards eliminating hunger and malnutrition in the
world. On the other hand, the percentage of children under 5 who are
considered overweight by WHO’s child growth standards has
increased from 4.9% in 1990 to 6% in 2016. This indicates that in
addition to malnutrition and undernourishment, we must also pay
attention to the contrary side, which is obesity, and maintain a balance between these two in
order to have a healthier world community.

•

Share of the total population using a safely managed drinking water
service; that is, one located on premises, available when needed and
free from contamination, has grown from 61.4% in 2000 to 71.6% in
2015, globally. Additionally, the number of people using safely
managed drinking water has jumped from 3.7 billion in 2000 to more
than 5.2 billion in 2015 (Figure 1.5). Another great achievement is that
the number of people with access to at least basic drinking water
(within 30 minutes round trip) has risen from 5 billion people in 2000 to
6.5 billion in 2015.
It has been estimated that achieving universal access to safe drinking water and sanitation
(SDG Targets 6.1 and 6.2) in 140 low- and middle-income countries would cost approximately
US$1.7 trillion from 2016 to 2030, or US$114 billion per year which is roughly 0.001 of the GDP
of the world. The benefit–cost ratio of such investments has been shown to provide a significant
positive return in most regions. Returns on hygiene are even higher, as they can greatly improve
health outcomes in many cases with little need for additional expensive infrastructure

Figure 1.3. World Population Living in Extreme Poverty, from 1820 to 2015
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Figure 1.4. Share of population with access to basic infrastructure services
in the world from 1990 to 2015

Figure 1.5. Number of people using safely managed drinking water from 2000 to 2015
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•

The number of people with and without access to electricity was 3.9
and 1.4 billion in 1990 and 6.2 and 1.1 billion in 2015, respectively.
Furthermore, access to clean fuels and technologies for cooking has
increased from 50.4% in 2000 to 57.4% in 2014. However, the
renewable energy consumption percentage has not significantly
increased, with an amount of 17.1% of the total energy consumption in
1990 to 18.9% in 2014.

•

An index of resilience and adaptive capability to climate related hazards
in countries is death rates from natural disasters per 100,000 individuals.
This index has dropped from 0.96 in 1990 to 0.1 in 2016. Also, the CO 2
emission is the main reason of the global warming, so the reduction in
this emission must be considered for determining the progress of world
towards taking the proper climate action (Figure 1.6). Unfortunately, the
amount of CO2 emission is still on the rise, increasing from an annual of
8,991 million tons in 1959 to 36,182 million tons in 2016.

Figure 1.6. Region wise annual CO2 emissions, including USA, China and UK

•

The percentage of the marine protected areas has risen from 5.1% in
territorial waters in 1990 to 12.2% in 2014. Also, the proportion of fish
stocks within biologically sustainable levels, which measures the
sustainability of the world's marine capture fisheries by their abundance,
is as follows:
o
o

In 1983: 16.67% overexploited, 52.66% fully exploited, and
30.67% underexploited.
In 2013: 31.36% overexploited, 58.11% fully exploited, and 10.53% underexploited.
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•

The Forest area in the world has not significantly changed from 1990 to
2015, changing slightly from 31.6% to 30.6%. Yet, the red list index,
which defines the conservation status of major species groups, and
measures trends in the proportion of species expected to remain extant
in the near future without additional conservation action, has decreased
from 0.82 in 1993 to 0.74 in 2017 in the world.

1.4 The Meaning of the 21st Century
Dr. James Martin, IT entrepreneur and founder of the 21st Century School at the University of Oxford,
published his book entitled “The Meaning of the 21st Century” in 2007 (Figure 1.7).

Figure 1.7. The cover of “The Meaning of the 21st Century” book by James Martin (2007)

A summary of the book on mega problems of humanity is as follows:
1.4.1

The Transition Generation

At the start of the 21st century, humankind finds himself on a non-sustainable course - a course that,
unless changed, will lead to catastrophes of terrible consequences. At the same time, we are unlocking
new capabilities that could lead to much more exciting lives and glorious civilizations.
Given the current trends of environmental deterioration, this could be the last century of humanity, or it
could be the century in which civilization sets itself to sail towards a far more spectacular and better
future. Decisions that will lead to these widely different results have to be made soon. They depend
upon our being able to understand the options of the 21st century, think logically about our future, and
collectively take rational actions.
We live on a small, beautiful and totally secluded planet, but its population is becoming too large and is
growing rapidly in its yearning to consume products that need resources beyond what the earth can
provide. Technology is becoming negatively powerful enough to wreck the planet. We are traveling at a
swift speed into an age of extremes - extremes in wealth and poverty, extremes of environment
(droughts and floods) extreme forces of globalism, weapons of mass destruction and extreme terrorism
(suicide attacks) . If we are to survive as humanity, we have to learn to manage this situation and focus
on SDGs as discussed earlier.
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We have reached a situation where grand-scale decisions have to be made. Collectively, humankind
needs to be taught about the future so that they can understand these decisions. Rules of the road need
to be put into place along with the road-map as the 21st century is a very critical century.
1.4.2

The Earth’s Resources

Humankind has been able to thrive for thousands of years because nature provided it with resources
like topsoil, surface and underground water, fish in the oceans, rivers and lakes, minerals and oil - but
these resources are limited, like cookies in a jar. We are using up these cookies and some don't have
substitutes. Nature also provided us with an ozone layer and a delicately regulated atmosphere, with
forests that remove carbon dioxide from the atmosphere and yet every year we destroy 44 million acres
of forest. Carbon dioxide is being pumped into the atmosphere at a rate greater than the Earth's forests
can absorb it. Every year, we lose 100 million acres of farmland and 24 billion tons of topsoil, and we
create 15 million acres of new desert around the world. An inch of good topsoil can take a thousand
years to form, but when people destroy windbreaks by cutting down trees, it can be washed or blown
away in months. In nutshell, we are rapidly destroying the ecosystems of the earth.
Water is vital for our survival and for producing food. It takes about a thousand tons of water to produce
one ton of grains which when fed to cows, may produce only 18 pounds of meat. Today mankind is
using about 160 billion tons more water each year than is being replenished by rain. If this water were
carried in water trucks, it would require a 300,000-mile-long convoy of trucks every day - a convoy length
37 times the diameter of the Earth. This is how much water we are using and not replenishing.
During the lifetime of today's teenagers, fresh water will run out in many parts of the world, making food
production difficult. Many fish species may fail to replenish themselves. Global warming will bring
hurricanes far more severe than Katrina in USA (2005), and may cause natural climate control
mechanisms to go wrong. Rising temperatures may eventually the lower crop yields around the world
putting global food security as risk. The immense tensions brought about by such situations may occur
in a time of radicalism, religious belligerence and suicidal terrorism and this may coincide with terrible
weapons becoming more widely and easily available (Figure 1.8).

Figure 1.8. The Earth’s temperature change over time

This interconnected set of problems has an interconnected set of solutions. If humans implement these
solutions, we can gradually achieve a sustainable and highly affluent set of civilizations. Working
towards sustainability requires many different types of actions in different subject areas. We need to be
able to control the diverse forces of extremes that are going to be a part of our future.
Today's young people will be the generation to bring about this great transition. They are, therefore, the
Transition Generation. It is therefore vital that they - all of them - understand the 21st century roadmap
and the critical role they will be playing in bringing about this great transition. This will, in turn, give
meaning to their own lives.
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This massive change in course is unavoidable in this century. It needs to happen sooner rather than
later. The longer we delay, the more traumatic it will become. The transition is the sum of many changes,
each of which is easy to understand. These changes need to be taught to young people. They will need
good research, and leadership on a massive scale to be successful. However, today there are major
roadblocks preventing the actions that are needed. The roadblocks have to be removed by the current
generation. Above all, there is widespread ignorance of the problems that we described. The most
powerful people today have little understanding of the solutions and little incentives to apply them.
Politicians in democratic countries are obsessed on finding votes. The next election dominates their
current thinking. Powerful business executives are eager to achieve short-term profits. It is their job to
please shareholders who will judge them by this quarter's results. For the powerful people who control
events, the desire for short-term benefits overwhelms the desire to solve long-term problems, such as
climate change. If these roadblocks are not removed, we will steadily head down the paths that lead to
catastrophe - famines, violence, wars over water, pollution, global pandemics, and runaway climate
changes. What can the young generation of today do, if we leave the planet with roadblocks as above.
1.4.3

The Canyon

Think of the 21st century as a deep river canyon with a narrow holdup at its center. Think of humanity
as river rafters heading downstream. As we head into the canyon, we'll have to cope with a rate of flow
that becomes much more intense - a white-water raft trip with the currents becoming much faster and
bumpier - a time when technology support will have to accelerate at a phenomenal rate.
As the world's population grows, global ecosystems are at stack, global social tensions rise, effects of
climate change (extreme events) become intense and environment (water and air) gets polluted, leading
to global food insecurity. The population of the world is expected to rise, probably until it reaches about
9 billion by 2050 (a figure from the latest computer models). The ability to feed such a population will
steadily decrease as water-tables drop, farms in poor countries disappear and the huge new consumer
classes in at least 20 countries change their eating habits so that they eat more meat (which needs
much more grain and, thus, much more scarce water).
The job of the ‘Transition Generation’ is to get humanity through the canyon with as little mayhem as
possible into what we hope will be smoother waters beyond. Solutions exist to most of these serious
problems. The bad news is that as we are heading toward the canyon, our leaders are not preparing to
make the passage smoother for the mankind.
Today's young people will collectively determine the outcome of this make-or-break century. If they
understand the potential, this ‘Transition Generation’ can open up a highway to by far the most creative
era in history.
When we look at the long-term trends emerging from the past, it is clear that we are in deep trouble.
Every six weeks, the planet's population has a net increase equal to the population of New York.
Extreme differences between rich and poor nations widen even more dramatically, with the wealthiest
lifestyles being flaunted in the face of the poorest via television and the forces of globalization. The age
of terrorism reflects new types of tensions. Much of the water, essential for growing food, comes from
large underground aquifers which may dates back to many ice ages ago. When this ancient resource is
used up, we'll have to live mainly on rainwater and given the extreme events, there may be wars over
water in coming decades, if not earlier In 1994, during a drought, Africa's two most densely populated
countries, Rwanda and Burundi, suffered an explosion of genocidal murder and atrocities that killed
nearly a million people.
1.4.4

Eco-affluence

Sooner or later, we must realize that we have to live within the finite resources of the planet. We can't
use more water than the Earth is capable of providing. A globally sustainable civilization doesn't mean
that it is poor or without joy. On the contrary, we can have spectacularly affluent civilizations where we
don't use more resources than the environment can provide. This may be called “eco-affluence”. There
can be new lifestyles of the grandest quality that heal rather than harm our global ecosystem.
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A quality of life that doesn't damage the environment doesn't mean “back-to-nature”. You don't have to
live like Thoreau (unless you want to). It could mean living in a superbly sophisticated city, near family,
with the excitement of creative work, cultural diversity, elegant parks and superlative entertainment.
Cities can be both beautiful and ecologically correct. A good lifestyle may mean developing a connection
to religion, beauty and community. Future civilizations will be anything but simple, and they will have a
wide variety of lifestyles.
There are many ways to be affluent without harming the environment. Around the world a vast new
buying class is growing that wants to consume like citizens of developed world.. One finds shopping
malls, promoting consumerism, everywhere. Soon this new consumer class will grow to 4 billion people
and before it is too late, there needs to be a transition that limits the amount of carbon dioxide pumped
into the atmosphere. There should be clean energy sources, new types of cars, and efficient use of
water. To avoid playing havoc with the planet, we need eco-affluence to become highly fashionable,
worldwide.
The future will be characterized by a rapid growth in knowledge and new techniques for putting
knowledge to work. Routine work will continue to be done by machines, leaving humans to focus
increasingly on jobs that demand human feeling and creativity. The 21st century will bring extraordinary
levels of eco-affluent creativity. There will be a near-infinite number of eco-affluent professions and
hobbies.
1.4.5

Mega Problems

The problem most talked about at the moment is global warming, and its effects on the Earth's climate.
It's important to understand that there are other large-scale problems (Figure 1.9):
•
•
•

Excessive Population Growth: World population may grow to 9 billion people, with a growing
demand for consumer goods and carbon-based energy, far exceeding the capacity of the planet.
Water Shortages: Rivers and aquifers are drying up. Many farmers may not have the water
essential for crop production.
Destruction of Life in the Oceans: Only 10% of edible fish remain in the oceans, and this
percentage is rapidly declining.

•

Mass Famine in un-Organized Countries: Farm productivity is declining. Grain will rise in
cost. This will harm the poorest countries.

•

The Spread of Deserts: Soil is being eroded. Deserts are spreading in areas that used to have
good soil and grass cover.
Pandemics: As an example, AIDS continues to spread. Infectious pandemics could spread at
unstoppable rates, as they have in the past, but now with the ability to kill large number of
people.

•

•

Extreme Poverty: 2 to 3 billion people live in conditions of extreme poverty, with lack of
sanitation. The difference between rich and poor continues to rise.

•

Growth of Shanty Cities: Shanty towns (shanty cities) with extreme violence and poverty are
growing in many parts of the world. Youth there have no hope.
Unstoppable Global Migrations: Large numbers of people are leaving the poorest countries
and shanty cities, wanting to find a life in countries with opportunity.
A New Dark Age: A global cocktail of all above might plunge humanity into a worldwide pattern
of unending hatred and violence - A new Dark Age.

•
•
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Figure 1.9. Mega problems at a glance in the 21st century

All of these mega-problems are multinational. None could be solved by one country alone. All countries
participated, directly or indirectly to different degrees, in triggering most of the problems, so they should
naturally participate in finding the solutions (Figure 1.10).
These mega-problems are interconnected, and therefore, the solutions are likely to be interconnected
to a large extent. Most of the solutions are not technically very difficult; they're not “rocket science”.

Figure 1.10. The challenges of the 21st century in the context of engineering perspective
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1.4.6

Use of Creativity for Solving Problems in the Developing Worlds

In this section, you will see some examples of how creativity and innovation led to invention of a product
that has helped many people in the developing worlds. Some of such creations like an all-terrain
wheelchair, a baby blanket, a lifesaving bottle and a dual-function tunnel are discussed below:
•

An All-Terrain Wheelchair
Sometimes, implementing wide-reaching social change takes surprisingly few resources. With
just a handful of bike gears, MIT Professor Amos Winter is hoping to change the developing
world forever.
Prof. Winter is the inventor of the Leveraged Freedom Chair (LFC). It is a low-cost wheelchair
(Figure 1.11) powered by two hand levers that function in a similar manner to gears on a bike.
The higher you grab it, the more leverage you get when traversing over rough terrain like sand,
mud, or unpaved road.

Figure 1.11. The all-terrain wheelchair invented by Amos Winter

Grab down lower, and the machine can cruise along tarmac at five miles-an-hour. It is one of
the most versatile wheelchairs in the market, and for the time being, it is aimed solely for
disabled communities in the developing world.
If you are a wheelchair user who lives in a rural area, there's not really a good mobility that
allows you to travel a long distance on different types of terrains, this wheelchair is useful. This
wheelchair is small and manoeuvrable to use indoors as well.
“As this technology has been developed and become a product, it's been very fulfilling to see
that not only can people ride off-road, but having that capability also lets them have a job, or go
to school or fully participate in their community”, says Winter.
What makes the LFC a truly invaluable tool in low income communities is its sheer value for
money. Traditionally, wheelchairs with the capability costs somewhere between $ 4,500 and
$ 6,500, making them prohibitively expensive to the rural communities that need them the most.
The LFC, by comparison, costs $200 only.
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•

A Revolutionary Baby Blanket
Could you save a life for less than $1 a day?
That’s exactly what Jane Chen, a student at the Stanford Graduate School of Business has set
out to do. Chen and her team were given the challenge of creating a baby incubator to help
save the lives of over 15 million premature babies born around the world every year. The World
Health Organization estimates that over three-quarters of the million babies who die as a result
of complications from being born too early could be saved with low-cost interventions.
And one of those interventions involves something pretty simple: keeping the babies warm.
One of the biggest challenges that premature babies face is to stay warm. Their little bodies
don’t have the ability to regulate their own temperatures correctly, and without a lot of weight or
fat yet, they are in constant danger from a low body temperature. In addition, they burn a
tremendous amount of energy simply trying to stay warm, which takes energy away from other
necessary functions they need to grow and develop. In many parts of the world, without access
to equipment, babies are placed in unsafe and ineffective conditions to stay warm, such as in
front of outdated, open space heaters or even just in front of a light bulb.
After hearing the story of one Indian mother whose baby, born two months premature, died as
a result of being four hours away from a hospital, without access to any electricity whatsoever,
Chen realized that they needed to offer an incubator that worked without electricity. And so,
the Embrace Warmer was born.
The warmer, which doesn’t need electricity, uses a wax-like substance in an internal, removable
pouch that melts at human temperature and retains the warmth for up to eight hours. And the
best part is that it only costs about $200, which is 10,000 times lower than most neonatal
incubators (Figure 1.12).

Figure 1.12. A baby blanket designed to keep premature babies warm without any use of electricity

•

A Life Saving Bottle
Inspired after watching the coverage of the aftermath of Hurricane Katrina in 2005 and the 2004
tsunami that devastated parts of Southeast Asia, Michael Pritchard - a businessman who runs
a water treatment plant in Ipswich, U.K. - invented a highly effective water purifying bottle. The
“Life Saver”, which can purify 4,000 - 6,000 litres with one filter, could potentially revolutionize
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the way fresh water is distributed to disaster areas and has already become a hot seller amongst
military chiefs eager to provide better drinking water to their soldiers.
Unlike most typical filters, which can eliminate bacteria but not viruses (which measure about
25 nanometres in length), Pritchard's bottle cuts them, thanks to a filter that takes out anything
above 15 nanometres. Earlier this summer, a prototype of the "Life Saver" was awarded the
"Best Technological Development" at a Soldier Technology conference (Figure 1.13).

Figure 1.13. The lifesaving bottle for purifying filthy water

•

The SMART Tunnel
Malaysia’s capital of Kuala Lumpur is regularly subjected to flash floods after heavy rains that
remain for three to six hours, flooding the city centre. After a series of devastating flash floods
washed the heart of Kuala Lumpur city centre and accumulated losses rose to billions of
ringgits, the government approved a never-before-attempted concept to tackle the crippling
floods and snarling traffic jams that plaque the Southern Gateway of the city – a SMART tunnel
(Figure 1.14).
SMART stands for ‘Storm water Management and Road Tunnel’. The 13.2 m diameter tunnel
consists of a 9.7 km storm water bypass tunnel, with a 4 km dual-deck motorway within the
storm water tunnel. The main purpose of the SMART tunnel is to solve the problem of flash
flooding in Kuala Lumpur from the Sungai Klang and Kerayong rivers and also to reduce traffic
jams during the daily rush hour.

Figure 1.14. The SMART Tunnel
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The dual-purpose SMART tunnel begins at Kampung Berembang Lake and ends at Taman Desa Lake,
diverting floodwaters away from the confluence of the two major rivers that run through the center of
Kuala Lumpur. The 4 km motorway tunnel incorporated into SMART acts as an efficient alternative route
from the Southern Gateway of KL-Seremban Highway, Federal Highway, Besraya and East-West Link
from entering and exiting the city centre. For motorists, the tunnel greatly reduces the travel time
between the Jalan Istana Interchange and Kampung Pandan – from around 15 minutes down to just
four minutes.

Figure 1.15. How the SMART tunnel works

The SMART tunnel consists of three sections. The upper two sections are roadways that cater to traffic.
Each section allows traffic to travel in one direction only. The third section at the bottom is a storm water
tunnel. Under normal condition, when there is low rainfall and no storm, the motorway section is open
to motorists and the storm water tunnel is closed. During moderate storm, the SMART system is
activated and floodwater is diverted into the bypass tunnel in the lower channel of the motorway tunnel.
The upper channel is still open to motorists. During an impending flood, the upper two roadways are
closed to traffic and evacuated. Then the entire three sections of the SMART tunnel are ready to carry
flood waters (Figure 1.15).
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SMART opened to traffic on 14 May 2007, after four years of construction. The cost of the project was
around 1,887 million MYR (approximately $514m). The tunnel handles 30,000 cars per day and has
been used 44 times to divert floodwater

1.5 Creative Sustainability
As stated before, creativity is the means to advance civilization into the future. Throughout history,
creativity has played a key role in development and management of water resources. A 600 years old
historical dam which can be regarded as vivid example of creative sustainability is presented in this
section. This dam, which symbolizes creativity, sustainability and intuitive Value Engineering, is
presented as a success story of creativity.
The Abbasi flood-retarding dam is an amazing and illustrating example of creativity and water wisdom
of the builders (Figure 1.16 and Figure 1.17). The dam has protected the city of Tabas in Iran from floods
of Nahrain River for 600 years. To avert construction of diversion tunnel, Iranians used to construct the
dams on a brick arch in narrow canyons. The lower part of the dam would be constructed during a dry
season. This creative scheme has been used in many historical dams in Iran. At Abbasi dam site, the
lower part was not constructed, so the outflow from the dam was automatically regulated during floods.
The deep understanding of dam and flood hydraulics by the builders at that time is very surprising, but
it should be remembered that their survival depended on efficient water resources and flood
management. Another important aspect of Abbasi dam is the sustainability of the structure. There has
been no sedimentation in the reservoir due to hydraulic configuration of the dam and it can be used for
flood management for many centuries to come.

Figure 1.16. Construction of the dam on a brick arch to manage floods during construction

1.5.1

Flood Control

There are two basic types of flood-mitigation reservoirs - storage reservoirs and retarding basins differing only in the type of outlet works provided. The discharge from a storage reservoir is regulated
by gates and valves operated on the basis of the judgment of the project engineer. Storage reservoirs
for flood mitigation differ from conservation reservoirs only in the need for a large sluiceway capacity to
permit rapid drawdown in advance of or after a flood.
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A retarding basin is provided with fixed, ungated outlets that automatically regulate the outflow in
accordance with the volume of water in storage. The outlet usually consists of a large spillway or one or
more ungated sluiceways. The Pinay retarding basin in France consists of two wing dams partially
closing the river, but with a gap between them for discharge, the type of outlet selected depends on the
storage characteristics of the reservoir and the nature of the flood problem. Generally, the ungated
𝐶𝑑 𝐴 (𝑟𝑔ℎ)𝑙
sluiceway functioning as an orifice is preferable because its discharge equation [Q =
] results
2
in relatively greater throttling of flow when the reservoir is nearly full than would a spillway operating as
a weir. A simple spillway is normally undesirable because storage below the crest of the spillway cannot
be used. However, a spillway for emergency discharge of a flood exceeding the design magnitude of
the outlets is necessary in any case.

Figure 1.17. 25 m high Abbasi flood-retarding dam

As a flood occurs, reservoir fills and the discharge increases until the flood has passed and the inflow
has become equal to the outflow. After this time, water is automatically withdrawn from the reservoir
until the stored water is completely discharged (Figure 1.18).
An outstanding example of the use of retarding basins in the United States is the reservoir of the Miami
Conservancy District in Ohio. Retarding basins were selected for this project because of the small
streams rise so rapidly that it would be difficult to operate storage reservoirs effectively. Moreover, the
retarding basin assures the drawdown of the reservoir after a flood and prevents use of the reservoir for
conservation purposes at the expense of flood control.
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The planning of a system of retarding basins must assure that the basins will not make a flood worse by
synchronizing the increased flow during drawdown with flood peaks from tributaries. When the entire
drainage area is small, such an event is unlikely. However, separate tributaries within a large basin may
be subjected to independent storms and the probability of synchronizing is greater. Hence, retarding
basins are preferred for relatively small streams and storage reservoirs are preferred for large streams.

Figure 1.18. Flood Attenuation in Abbasi retarding dam

1.5.2

The Advantages of the Present Alternative

To control the floods of the river, there are other alternatives involving storage structure at Abbasi dam
site. One of the alternatives is a dam with overflow outlet (overflow alternative). Undoubtedly, the
alternative of creative builders (bottom outlet alternative) has some great advantages in comparison
with the overflow alternative as follows:
(a) Initial reservoir Elevation
In overflow alternative, reservoir may be partially full at the beginning of the flood. Consequently,
the routing of the peak of incoming flood in this alternative would be less than the bottom outlet
alternative. In a similar way, retarding of the flood peak would be less in this case. Surprisingly,
the alternative constructed matches closely with modern criteria for retarding dams as
mentioned above.
(b) Sedimentation
The bottom outlet alternative enjoys considerable advantage in terms of sustainability and
sedimentation. A survey of the reservoir clearly indicates that there is virtually no sedimentation
in the reservoir after 600 years of operation. As the Abbasi dam has been stable in many
extreme events such as the Great earthquake of 1978 with a maximum horizontal acceleration
of 0.75g, it is virtually a sustainable dam. Very few dams in the world enjoy such an advantage.
On the other hand, the maximum useful life of the overflow alternative would have been between
50 to 100 years. Fortunately, Abbasi dam is the only historical dam in Iran that has not been
threatened by construction of a modern dam. It is hoped that many generations would have the
privilege of visiting this outstanding human heritage that would be a source of inspiration for
many engineers for centuries to come.
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(c) Risk to the downstream
As mentioned before, the city of Tabas is located downstream of the dam near the river.
Accordingly, the failure of the dam would have had disastrous consequences for the city. In the
overflow alternative, the total time that dam is full or nearly full is much more than the other
alternative. As a result, the total risk to the downstream is much less in the bottom outlet
alternative. A historical document indicates that they did not construct the lower part of the dam
in view of probable failure of the structures.
(d) Overtopping Frequency
Evidently the frequency of overtopping is much lower for the bottom outlet alternative.
Figure 1.19 clearly indicates that the dam structure is still intact after 600 years. With increased
overtopping frequency and duration, the probable damages to dam would have been more
severe.

Figure 1.19. A view of the arch of Abbasi dam from underneath

(a) Passage of people
In the overflow alternative, the passage of villagers is blocked because there is virtually no other
way in the gorge. Still, the bottom outlet alternative has allowed the passage of villagers.
(b) Throttling of flood peak
For retarding dams, the ungated sluiceway functioning as an orifice is preferable, because its
discharge equation results in a relatively greater throttling of flow when the reservoir is nearly
full than would a spillway operating as a weir.
In addition to the above discussion, the overtopping resistance of the masonry arch dam and
application of arch, which is a superior structural element, should not be overlooked.
1.5.3

A Similar Creative Scheme for Harmony with Floodwaters in Japan

The concept of flood-retarding scheme of Abbasi dam has been used for solving flood control and
environmental conflicts in Muko River, Japan. One of the biggest issues in the discussion on dams is
the interception of biological continuity by a dam. On the other hand, it is necessary to keep the
discharge less than the flow capacity of downstream. To satisfy the both conditions, the following
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measures could be suggested. The Muko River in the Hyogo prefecture runs through the highly
developed urban areas and also crosses the Japanese main road and railway, and flows into the Seto
Inland Sea.
The river authority of Hyogo prefecture planned in 1983 to construct flood control dam in the valley at
the middle stream to protect this important urban area. However, as the place is famous for the beauty
of the valley and is known as a scenic area, people who love the place have been against the plan for
more than 20 years. The re-examination of the river plan including the design flood from the Zero Base
has started by the Muko River Basin Committee. The Prefecture River Authority proposes a type of dam
with orifices like a retarding basin, without control gates at the outlets, as shown in Figure 1.20 (A).

(A)

Surcharge Elv.
Outlets
Outlets

(B)

Outlet

Figure 1.20. Modification of flood control dam (A: Planned dam by Hyogo Prefecture, B: Modified one)

The objective of these flood control dams is to decrease the discharge rate less than the flow capacity
of the downstream. On the other hand, the main problem of a dam is the interception of biological
continuity as mentioned above. Therefore, a solution of this problem will be to enlarge and open the
outlet of a dam along the riverbed, and preserve the continuity of the river flow (Figure 1.20(B)). If the
orifice is enlarged to the size that maximum discharge rate becomes the flow capacity of the
downstream, it will make it possible to keep the continuity of sediment and the migration of fishes through
the dam. The structure may be similar to the historical Abbasi dam in Iran. It is important to keep the
continuity of flow especially for the dam aimed for flood control. It might also be necessary for a newly
planned small-scale dam for irrigation, to make it empty once a year, like sometimes making the
irrigation pond empty. Though it is not an effective water use of a dam, it will make more nature-oriented
water use of the river.
As the stored water by the dam is quickly discharged after controlling the discharge rate, the damage to
the plants will not be great. By designing the shape of the orifice, the dam may harmonize with the
surroundings as a well-designed bridge that fits the landscape. It might be important to design a large
aperture of orifice and the shape of it according to the calculated discharge, in order to conserve
ecological and sediment continuity and to also decrease the damage to the landscape. The delay of
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runoff by the storage in the dam gives the time of warning and evacuation, even in the case of exceeding
the design flood when overflow of the dam crest happens, and the danger of overtopping the
downstream levee is impending.

1.6 Summary
The 21st century would be very distinct from the other centuries in the thousand years’ history of
mankind. According to Dr. James Martin, IT entrepreneur and founder of the 21st Century School at the
University of Oxford, “We are at an extraordinary crossroad of human history. Our actions, or failure to
act, during the next decades will determine the fate of the Earth and human civilization for centuries to
come. This is a make-or-break century”.
The key to global sustainability is solving mega water-related problems of 21st century:
•
•
•
•

Ensuring food security
Managing the climate change
Providing safe water for all
Mitigation of natural disasters

This book is trying to demonstrate that the creativity is the key to coping with the water-related
challenges in the 21st century and major technical initiatives and innovations are essential. A historical
dam which symbolizes creative sustainability has been presented as a success story. Many similar
schemes can inspire many water engineers who are faced with the most important challenges of the
mankind in the 21st century.
A drastic decrease of world population living in extreme poverty from 2.2 billion in 1970 to 0.7 billion in
2015 (60% to 10% of the world population) can be very encouraging for the “Transition Generation” It is
vital that they - all of them - understand the 21st century roadmap and the critical role they are likely to
play. For many, understanding the meaning of the 21st century will give a different meaning to their own
lives.
However, today there are major roadblocks preventing the actions that are needed. Above all, there is
widespread ignorance of the problems that were described. The most powerful people today have little
understanding of the solutions and little incentive to apply them. Politicians in democratic countries are
obsessed on finding votes. The next election dominates their thinking. Powerful business executives
are eager to achieve short-term profits. For the powerful people who control events, the desire for shortterm benefits overpowers the desire to solve long-term problems. If these roadblocks are not removed,
we will steadily head down the paths that lead to catastrophe - famines, violence, wars over water,
pollution, global pandemics, and runaway climate changes.
Think of the 21st century as a deep river canyon with a narrow holdup at its center. Think of humanity
as river rafters heading downstream. As we head into the canyon, we'll have to cope with a rate of
change that becomes much more intense - a white-water raft trip with the currents becoming much faster
and bumpier - a time when technology will accelerate at a phenomenal rate. The job of the ‘Transition
Generation’ is to get humanity through the canyon with as little mayhem as possible into what we hope
will be smoother waters beyond. Solutions exist to most of these serious problems but the bad news is
that as we are heading toward the canyon, our leaders are not preparing to make the passage smoother
for us.
Today's young people will collectively determine the outcome of this make-or-break century. If they
understand what is possible, this ‘Transition Generation’ can open up a highway to, by far, the most
creative era in history.
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CHAPTER 2:

A Brief History of Evolution of Value
Engineering

2.1 History and Application
The vital importance of creativity in solving the great challenges of humanity in 21st century was
discussed in chapter 1. In this context, this book presents ‘Value Engineering’ as an effective, efficient
and proven technique for promoting much needed approaches for “collective creativity and innovations”.
The roots of ‘Value Engineering’ go back almost more than 50 years ago. World War II was the time
when seeds of ‘Value Engineering’ were sown. It was a period of survival that required innovations to
overcome shortages of critical resources. Many substitutions were needed and were frequently
accompanied by cost improvement.
The Value Engineering (VE) technique emerged from the industrial community. Industrialists from period
1938 to 1945 may recall that every manufacturing facility was fully scheduled with priorities for
successful execution of the work plan. Industrial materials like Steel of all types was totally scheduled,
as were copper, bronze, tin, nickel, ball bearings, roller bearings, electrical resistors and capacitors, and
all vital products and materials.
Mr. Lawrence Miles was the purchasing engineer at the headquarters of the General Electric (GE)
Company in USA back then. Miles was assigned the task of purchasing i.e. locating the material,
negotiating the costs and eventually getting the material, a number of vital materials, such as materials
to expand production of turbo-superchargers (B-24s) from 50 per week to 1,000 , and armament parts
for expanding production of B-29's. In this situation, it was not possible to slow down or stop short of
achieving the essential results.
Frequently, suppliers, who were already over-stretched, said “No” to increased demand of necessary
material. In this desperate situation, Miles was forced to follow basics. “Even if I can't get the material,
the industrial processes have to continue. How can you continue the processes, may be by using some
other material that you can get?” Time and again there were ways to continue the processes.
Engineering tests and approvals were expedited to meet the schedules. Thus, “processes” grew in
vitality and were later developed into VE techniques.
During these war years, Miles found that many of the substitutes used provided equal or better
performance at reasonable cost. The function approach was so effective that he never abandoned it.
Many of the techniques used were in use elsewhere, but a focus on “function” made the methodology
unique. What started out as an accident of necessity was turned into a systematic process of ‘Value
Engineering’.

Figure 2.1. An early Value Analysis team working on a GE project
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In 1947, Miles requested to establish a research unit in GE's Central Purchasing Department to study
the new approach. Miles received the active support and endorsement of Mr. William A. Sredenschek,
GE's Vice President of Purchasing to develop, refine and utilize what was first called Value Analysis
(VA). Based upon the success achieved by General Electric, the concept spread throughout private
industry because of its ability to yield a large return for a relatively modest investment.
The first Government organization to implement a formal program on VA was the Bureau of Ships in
Department of defence (now the Navy Ships System Command). They called the program “Value
Engineering” to reflect the emphasis on their type of organization which was engineering. This name is
now the most commonly used and accepted since the 1959 chartering of the Society of American Value
Engineers (SAVE), now named ‘SAVE International’. However, it was not until late 1961 that the
program was formally implemented throughout the Department of defence.

2.2 Extension to Construction Sector
Before 1961, most of the experience relating to VE dealt primarily with manufactured hardware, yet the
methodology of VE was applicable to the design process in general establishment of a formal program
by the Department of defence and construction agencies.
Between 1963 and 1965, the three military services instituted programs by staffing full time ‘Value
Engineers’ and by introducing VE incentive provisions into their construction contracts, permitting
contractors to propose VE changes and share the resultant savings. Successes achieved with these
programs led to the milestones outside of the Department of defence.

2.3 Significant Value Engineering Milestones
World War II: At General Electric, substitutions for critical materials dictated by shortages resulted in
products that accomplished their function at reduced cost.
1947: Lawrence D. Miles, General Electric Staff Engineer, was assigned to the purchasing division to
study a new exclusive concept where he succeeded in developing an amazing new package of
techniques he named “Value Analysis” (VA), to make the cost savings coincident with WWII. In Practice,
Miles evolved the step-by-step methodology, relating product function and cost.

Figure 2.2. A before-and-after example used by Larry Miles. The wire form represented
identical function at a 63% savings

1952:

Mr. Miles conducted the first VA workshop.

1954:

U.S. Navy Bureau of Ships applied VA to cost evasion during design, calling it ‘Value
Engineering’ (First government organization to use this new technique).
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1956:

Watervliet Arsenal, under the former U.S. Army Ordinance Corps, initiated a VE program.
Results proved so rewarding within the first year that the program was rapidly expanded.

1958:

Lawrence D. Miles was awarded the U.S. Navy's highest civilian honor, the Navy Distinguished
Public Service Award for his assistance to the Bureau of Ships in VE.

Figure 2.3. A classic example of Value Analysis results showing a first analysis
followed by a second analysis with a resultant 90% cost savings

Figure 2.4. Larry Miles looking at turbo-supercharger for the B-24 (VE was used to
solve shortages of strategic materials)

1959:

Society of American Value Engineers (SAVE) was founded in Washington, D.C. to unite all
practitioners and promote the growth of the profession.

1960:

Charles by the way developed a tool used during VE analysis called the function analysis
technique (FAST) diagramming which can identify, classify, and denote functions that should
be focused on by the team. This diagramming technique is useful for building teamwork and
getting consensus from the team on the problem and identification of potential areas for
improvement.

1961:

‘Value Engineering’ contract clauses established in Armed Forces Procurement Regulations
permitting contractor sharing in VE cost reductions.
33

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

1962:

In December, the Department of defence announced that it was making VE a pre-requisite for
all D.O.D. contracts over $100,000.

1963:

U.S. Navy Bureau of Yards and Docks began applying VE to their construction programs,
being the first military construction agency to write a VE incentive clause into an awarded
contract. Two other military branches followed their lead.

1964:

U.S. Army Corps of Engineers VE program started.

1965:

A Japanese delegation visits SAVE for assistance with problems, marking the start of VE
programs in Japan.

Figure 2.5. A book by Charles Bytheway on FAST method

1966:

U.S. Bureau of Reclamation began placing a VE incentive clause in their construction
contracts.

1967:

The US Senate, Committee on Works held hearings concerning the use of VE in Government.
Five Agencies testified. Post Office Department (now the U.S. Postal Service) instituted a
formal VE program by creating a full-time VE staff.

1969:

U.S. National Aeronautics and Space Administration, office of Facilities, began conducting
formal VE studies and training. The National Academy of Sciences, Federal Construction
Council, Building Research Advisory Board, convened a Symposium to search the application
of VE in construction. Symposium Report No. 4, dated May 27th, 1969 summarized the
proceedings of the Symposium. Seven agencies testified.

1970:

U.S. Congress endorsed VE by recommending its use in Federal-Aid highway projects.
General Services Administration (GSA) began its building-contractor VE program and started
use of incentive clauses.

1971:

US Department of Health, Education, and welfare (HEW) adopted the use of VE on its
construction project.

1972:

The Veterans Administration joined the VE group.

1973:

SAVE established a program for certification of value specialists. In March, the General
Services Administration, Public Building Service published the first VE service contract
provisions for use in design and construction manager contracts. The U.S. Senate,
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Subcommittee on Buildings and Grounds and Committee on Public Works held hearings on
June 18 and 19, 1973 concerning the use of VE in construction. Six agencies and four
professional societies testified.
1974:

In April, the use of certified Value Specialists for Value work in GSA construction became a
requirement. Federal Highway Administration (FHA) established an office to administer the VE
program on federal aid projects. The General Accounting Office published a report (May 6, B163762) on the “Need for increased Use of Value Engineering, a Proven Cost Saving
Technique”, in Federal Construction.

1975:

U.S. Department of Transportation, Federal Highway Administration awarded a contract to a
private firm to conduct its national training program on “Value Engineering for Highways”.

1976:

Florida Department of Transportation established a VE Program, realizing the benefits of VE.
Other States established programs which can be found by contacting individual state VE
coordinators listed in the American Association for State and Highway Transportation officials
(AASHTO) Value web page. The Environmental Protection Agency, Water Program
Operations, published a VE Workbook for Construction Grant Projects (MCD29), making VE
mandatory on large projects (over $10 million).

1977:

The Lawrence D. Miles Foundation was incorporated.

1980:

Miles was awarded the Presidential Citation by the Society of Japanese Value Engineers.

1982:

The Department of defence established its honorary VE award programs.

1985:

Larry D. Miles, the father of Value Engineering passed away on August 1.

Figure 2.6. Presidential Citation Awarded to Larry Miles

Figure 2.7. The Imperial Medal was awarded to Larry Miles posthumously in 1985.
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1986:

The Water Resources Development Act required VE on all federally funded water and waste
water treatment projects with a total cost in excess of $10 million.

1987:

The governor of Minnesota declared the week of May 23rd, the “Value Engineering Week”.
The AASHTO published the “Guidelines for VE”.

1988:

The governor of Indiana declared the week of June 11th, the “Value Engineering Week”.

1990:

State of Virginia, House Bill 423, amended the code of Virginia to require VE to be employed
on any highway system project costing more than $2 million.

1993:

The Office of Management and Budget issued a circular calling for government wide use of
Value Engineering.

1994:

State of Virginia, House Bill 18 amended the code of Virginia to require employment of VE for
any capital project costing more than $1 million.

1995:

The National Highway System Designation Act required states to carry out a VE analysis for
all federal aid highway funded projects that have an estimated total cost of $25 million or more.

1996:

defence Authorization Act contained a special section of procurement reform for the entire
Federal government. Section 4306 - Value Engineering for Federal Agencies required each
executive agency to establish and maintain cost-effective Value Engineering procedures and
processes. Public law 104-106 required each government executive agency to establish and
maintain cost-effective VE procedures and processes.

1997:

FHWA expanded the rule by publishing the 23 CFR Part 627 requiring VE analysis on all
federal aid highway projects on the national highway system with an estimated cost of more
than $25 million.

1998:

The Canadian Value Analysis Society (CVAS) presented an award to recognize the
Department of Mechanical Engineering at McGill University for teaching Value Engineering for
25 years.

2008:

SAVE (Society of American Value Engineers) gave the 2007-2008 Presidential Citation Award
to Mechanical Engineering at McGill University for their pioneering and sustaining work in
teaching Value Engineering. Also, the Canadian Society for Value Analysis recognized McGill
with the 2008 CSVA Award of Merit for Education.

The most important milestones of evolution of VE are illustrated in Figure 2.8.

Figure 2.8. The Timeline for Evolution of VE
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Figure 2.9. DOD VE Savings and Cost Avoidance

2.4 The Success of Application of Value Engineering in Transportation
As mentioned, in 1995, the National Highway System Designation Act required states to carry out a VE
analysis for all federal aid highway funded projects that have an estimated total cost of $25 million or
more. This act has resulted in total benefits and cost avoidance of more than 32 Billion USDs in FederalAid Highway Projects from 1997 to 2019 as shown in Figure 2.10.
The results of application of VE in 7211 highway projects in U.S. are also shown in Figure 2.10. The
total estimated cost of studied projects is very close to 522 Billion USD. Consequently, the saving of
$32.4 Billion which is equal to 6.29% of the total cost clearly indicates that all projects have unnecessary
costs and can be curtailed. It should be noted that return on investment of Value Studies mentioned was
1:144. This ratio can be more than 1:1000 in some projects in developing countries where there is more
room for improvement in large projects. Furthermore, it can be noted that the percentage of projects’
costs saved has a declining trend after 2005. This may be the result of improved function of VE team
members (clients, consultants, contractors etc) in the projects.

Figure 2.10. Summary of Past VE Saving Federal-Aid Highway Projects (1997-2019) in USA
https://www.fhwa.dot.gov/ve/
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The characteristics for VE success in U.S. Highways are as follows:
•

More than 50 years of experience;

•

VE is regarded as a proven technique;

•

Expertise in Leading and facilitating VE studies;

•

Solid trust in effectiveness and efficiency of VE;

•

Legal obligations for conducting VE in large projects;

•
•

Good understanding of VE at all levels especially senior managers;
Thousands of trained managers and engineers;

•

Appropriate laws and regulations; and

•

The means and the willingness to spend on VE.

2.5 Summary
It has been observed that the evolution of VE from GE to present state in USA has taken more than 50
years. In this context, it can be concluded that introduction of VE in an organization is not easy and
requires a long period. Accordingly, organizations that are interested in utilizing VE for improving the
value of their projects, must initiate a VE program, which is elaborated in Chapter 4.
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CHAPTER 3:

Introduction to Value Engineering

3.1 Introduction
Large and medium scale irrigation systems worldwide account for about 60 percent of the irrigated
areas, but they also present the most severe gap between expected/potential and actual irrigated areas.
Efforts to improve the performance of these systems have been mixed because of a number of
problems’ and misconceptions. In this context, Value Engineering (VE) has proved to be an effective
and efficient methodology for recognizing and removing unnecessary costs in large projects.
All designs are biased due to the experiences and orientations of the designers and clients. Value
Engineering is a proven technique for improving the Value of the projects, products and services. The
Value Engineering methodology is based on the synergy and creativity of an independent team. This
independence and external perspective of the team would reduce the bias in the design, and
consequently would result in costs savings and enhanced benefits for the projects.
Value Engineering is another way of making sure that the required necessary resources for the success
of a construction project are available. The uniqueness of Value Engineering is that it does not stop at
ensuring that the required resources are going to be available, but it goes a step further to determine if
the specified materials would give the best value to the client at the optimum cost. Value Engineering
helps to do away with materials that are unnecessarily expensive and where other material can perform
the same function at lower costs, and at the same time it tries not to compromise on functionality and
quality. The only constraining factor has been the lack of knowledge and awareness of VE methodology
and benefits by many clients of the industry and sometimes, surprisingly, by professionals in the
industry. Cumulative Value Engineering cost prevention and savings are shown in Figure 3.1.

Figure 3.1. Cumulative Value Engineering Cost Prevention and Savings.

3.2 Why do Projects Have “Unnecessary” Costs?
The design process requires a group of skilled technical professionals to consider many variables and
alternatives within a defined scope contemplated in the ‘Terms of Reference’, as set out by the owner
and discussed with the consultants. Since there is usually a limit placed on time and budget, there is a
high probability that most designs will contain some costs difficult to eliminate without further
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examination. VE is this examination. But it should be recognized that the optimal design may, in fact,
have been identified in the original design proposed.
Other reasons include strict adherence to the ‘Terms of Reference’ without challenging their necessity,
reuse of design features that have worked previously but may be out-of-date, unnecessary or
inappropriate; lack of a key creative idea, technological changes in processes, products or materials;
and temporary decisions that become permanent when time, budget or other constraints or factors do
not present opportunity for reassessment.
The reasons for unnecessary costs in projects are explained in the next section and can be summarized
as follows:
•

Shortage of time

•

Misleading information

•

Ambiguous goals, objectives, scope etc.

•

Hasty decisions based on false assumptions

•

Lack of ideas

•

Lack of funds

•

Resistance to change

•

Unrealistic temporary circumstances

•

Politics

•

Bad habits, attitudes, and beliefs

•

Overdesigning & unrealistic safety factors

•

Continuous altering the owner requirements

•
•

Lack of communication and coordination
Using unsuitable standards & specifications

•

An unrealistic schedule dictated by the Owner

•

No Life Cycle Costs (LCC) estimates

3.3 Reasons for Poor Value in Projects
No designer deliberately introduces poor values. Some of the reasons causing poor values are listed
below:
1.

Lack of information, is caused by unknown requirements, misunderstanding the full
requirements of the job, or not to have enough time to investigate it thoroughly.

2.

Decisions based on wrong assumptions, occurs when one, without having first-hand
knowledge, makes decisions based on assumed user needs. For example, a designer on a
project tried using plastic, but it cracked. Because of that unsatisfactory experience, she will
probably never use plastic in her future designs again.

3.

Habitual thinking, is thinking and doing things in the same way each time a problem occurs,
and is a frequent cause of poor value. Most people tend to re-use what worked the last time,
or copy the standards set by others. This is a defensive measure used to minimize the risk
of insecurity. This habit-forming process is promoted by management through rigid use of
standard designs, codes, procedures, customs and traditions, without careful consideration
of changing function, technology, and/or value.

4.

Negative attitudes or resistance to change, involves people reluctant to make a change
of any kind, regardless of the merits of the proposal. Many lack the positive attitude that a
design or service can somehow be produced or performed differently at lower cost. Some
feel that they always do Value Engineering work every day on their job. Even more, others
think that their situation is unique and that VE is applicable for everybody but themselves.
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5.

Reluctance to seek advice - Designers are often reluctant to seek advice from others. They
feel disgraced if they admit that they do not know about something. This fear does not prevail
as much in the medical profession as evidenced by the general practitioner calling in a
specialist, when required. Ignorance not admitted, can be costly.

6.

Shortage of time - During the design process, there is always pressure to get the product
manufactured or constructed quickly due to constant competition or pressure from the
management. Frequently, time pressure is so great that it is impossible to properly consider
the value of the item being developed. People, working on these projects, usually find it
necessary to accept the first workable solution to a problem in order to complete the task on
time. Seldom is there time to contemplate ideas or to design for value. Items, developed
under these conditions are excellent candidates for Value study work.

7.

Changing technology – Constant rapid strides in the development of manufacturing
processes, products, and materials lower the costs of manufacturing and also enables usage
of better methods for performing necessary functions. Therefore, every past design or
product can be thought of as advancing toward obsolescence.

8.

Lack of a yardstick for measuring ‘Value’ - Performance characteristics of an item can be
accurately evaluated through various physical tests and measurements. No such test or
measurement exists for determining the precise ‘Value’ content of an item. Coupled with this,
since most designers receive no formal training in cost estimating, they do not know what
goes into cost estimating for to manufacturing or construction.

9.

Old specifications – Most specifications used today, on average, more than 10 years old.
Guide specifications, testing specifications, codes, material specifications and specifications
from previous projects are used obediently as gospel by designers. Custom designs with
custom specifications are becoming a thing of the past.

10. Poor human relations - Lack of good communication, misunderstanding, jealousy, and
normal friction between human beings is a frequent source of unnecessary costs. Friction
impedes the free flow of information that is necessary to create the best work. The alternative
to working together is to work independently, which can waste time and money.
11. Lack of funds – Lack or shortages of funds will result in poor design in many projects. The
design process accounts for less than 5 percent of the total costs of the project, but it is the
most important factor in removing the unnecessary costs. In addition, lack of funds also
impedes the review processes.
12. Lack of ideas – The design process and the reasons as above may impede creativity and
innovation.
13. Politics – The agenda, perspective and timing of politicians are quite different from those of
engineers and designers. Thus, the pressure from the politicians for short-term benefits are
likely to reduce effectiveness and efficiency of the projects.
14. Overdesigning & unrealistic safety factors – The designers tend to be rather conservative
in view of uncertainties inherent to the design process. In some cases, these safety factors
can be very unrealistic and unnecessary, especially in very large projects with considerable
risks to the society.
15. No LCC estimate – Many clients and designers focus mainly on construction costs. In
context of practice, they should try to optimize the Life Cycle Costs (LCC) which includes the
construction, operation and maintenance costs.

3.4

The Value Methodology

Value Methodology (VM) is an organized system of investigation using trained multi-disciplinary teams
to analyze the requirements of a project for the purpose of achieving its essential functions at the lowest
possible total cost (capital, operation, and maintenance) over the life of the project.
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Virtually all projects have opportunities for improved value, and the VE process has the objective of
identifying those opportunities. Value is achieved by (1) improving function and maintaining cost; (2) by
maintaining function while reducing cost; or (3) by improving function while reducing cost. VE can be
defined as an analysis of a project’s functions directed at improving performance, reliability, quality,
safety, and life-cycle costs.
Therefore, Value is defined as the ratio of function over cost, where a project’s function is defined as
what it is expected to do.
Value =

𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛
𝐶𝑜𝑠𝑡

Alternatively, Value Index can be defined as follows:
𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛∗𝑄𝑢𝑎𝑙𝑖𝑡𝑦
Value Index=
𝐿𝑖𝑓𝑒 𝐶𝑦𝑐𝑙𝑒 𝐶𝑜𝑠𝑡𝑠
Value Engineering may be defined in other ways, as long as, the definition contains the following three
basic principles:
•
•
•

An organized review to improve Value by using multi-disciplinary teams of specialists knowing
various aspects of the problem being studied.
A function-oriented approach to identify the essential functions of the system, product, or
services being studied, and the cost associated with those functions.
Creative thinking using recognized techniques to explore alternative ways of performing the
functions at a lower cost, or to otherwise improve the design.

Value Engineering is not just “good engineering”. It is not a suggestive program and it is not a routine
project or a planned review. It is not a typical cost reduction leading to cheaper products or services,
nor does it “cut corners”. Value Engineering simply answers the question “what else will accomplish the
purpose, the product, service, or process under study?”. It stands to reason as to why such a useful
technique is not applied to every product, and at each stage of the normal day-to-day development
process of a product. The practice of VE requires a certain amount of expenditure, that must be justified
by potential cost savings.
Accordingly, there must be a recognized need for change and a distinct opportunity for financial benefits
to warrant the added cost of a VE effort.
3.4.1

Value Engineering Principles

Value Engineering principles consist of key questions, techniques, and procedural tasks used in
pursuing the objective of the VE Job Plan. The objective is to achieve excellence in design. These
principles are explained in subsequent sections, where each phase of the Job Plan is discussed.
Certain VE techniques are applicable throughout the formal VE study. They are significantly important
in the area of decision-making and problem-solving.
•

Use Teamwork. A fundamental principal of VE is to organize teamwork. In a complex design
processes, with many different functions and people contributing to project costs, costeffectiveness is enhanced when the team blends their talents toward that common objective.
Although Value Engineering can be accomplished, minimally, through concentrated individual
effort, the results can be magnified several times when teamwork is deployed.

•

Overcome Roadblocks. Roadblocks are obstacles in the path of progress, often occurring
whenever a change is proposed. Some roadblocks are real (those of others), and some are
imaginary (those of your own). Roadblocks are an expression of resistance to change. Value
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Engineering techniques are designed to help “overcome roadblocks” and therefore, existence
of roadblocks should be recognized. Be prepared to refute roadblocks when encountered.
•

Use Good Human Relations. Because VE is concerned with creating change, it is concerned
with human relations. In VE, there is a high degree of dependence on cooperation with other
people. Therefore, good or poor human relations can relate directly to success or failure of the
project. The effectiveness of a VE project may depend upon the amount of cooperation the
engineer is able to obtain from managers, designers and others. If engineers are sensitive in
their approaches and diplomatic when resolving opposing viewpoints, and tactful in questioning
a design requirement or specification, they will minimize the problem of obtaining the
cooperation needed to perform effectively. Convince the people with whom you work that you
are asking, not demanding; suggesting, not criticizing; helping, not hindering; and interested,
not bored with them.

In the context of teamwork, it is worth presenting the results of a survey conducted in the United States
(Figure 3.2):
•

75 percent of the people are neither eager to present new ideas nor they can develop a new
idea.

•

12 percent can present new idea but they do develop them;

•

12 percent can develop a new idea if they are given one;

•

1 percent can present new ideas and develop them.

According to the results of the survey, we cannot rely on a tiny part of the population (1%) for creativity
and innovation. We should try to achieve the synergy of creative and action-oriented people in effective
teams (Figure 3.3).

Figure 3.2. Creativity and action-orientation distribution in a
society

3.4.2

Figure 3.3. Teamwork, common
people and uncommon results

The Five Components of an Effective Team

An effective team is cohesive and works towards a common goal (Figure 3.4). The Five components of
an effective team are integrated and together they create what we call as “synergy”. These five
components (Figure 3.5) emerge from research undertaken largely by the US Military. Only when all
five components are present in a team, it will be united, cohesive and will be able to deliver.
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Figure 3.4. An effective team is united, cohesive and works towards a common goal

Figure 3.5. The Five components of an effective team are integrated and
together they create what we call as “synergy”

3.4.2.1

Shared Values

Shared values (Figure 3.6) define the team. Without common values, everyone on the team has a
different opinion about an issue. Values put people on the same page. Just as personal values influence
and guide an individual’s behavior, organizational values set the standards for a team’s performance.
The leader, who neglects the real shared values of the team, may find that the team:
•

Deteriorates or fails to grow

•

Avoids obstacles

•

Misplaces achievement-oriented members
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•

Encourages team members to focus on their own careers and individual goals

•

Is easily distracted

Figure 3.6. Shared Values put the team members on the same page

3.4.2.2

Clear Command Instructions

Clear command instructions give team members a direction and confidence. The Team Leader is
responsible for identifying a worthy and convincing vision and articulating it with the team (Figure 3.7).
People frequently need to be shown the team’s scope clearly and creatively so that their actions align
with the goal and they stay motivated by captivating the picture of the future.
Leaders who are unable to articulate clarity of command instructions often find that the team fails to bind
and:
•

This creates ambiguity among the team about direction and priorities,

•

Team member’s watch for window of opportunity to close due to excessive analysis and
unnecessary delay,

•
•

It also breeds lack of confidence and fear of failure,
The team revisits discussions and decisions again and again.

Figure 3.7. The team leader has a key role in the success
(VE study of Taleghan Water Tunnel, May 2018)
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3.4.2.3

Shared Experience

Having clarity of direction, that will satisfy shared values, is only the beginning of the effective functioning
of the team. Experience sharing can be done by asking questions such as ‘How the team will do this?’.
What skills and knowledge are needed to achieve this?
Teams are composed of individuals. And each individual brings in his own set of skills, knowledge and
abilities. And all individuals in a team have a place where they add the most value. Winning teams
require more than the right people. You may have a group of talented individuals, but if each person is
out of place, then the team won’t reach its potential value. Leading a successful team involves putting
people in places where they can excel.
The leader can think of team members as resources and fill the spots like playing checkers, or the leader
can recognize the particular strengths and abilities of each individual and use their strengths to work
together as a team – like a chess player.
When the leader fails to use the right strengths and abilities, it:
•

Creates resentment among team members who have different standards of performance;

•

Encourages mediocrity;

•

Misses deadlines and key deliverables;

•

Places an undue burden on the team leader as the sole source of discipline.

3.4.2.4

Shared Situational Awareness

The most neglected component of developing effective teams is Shared Situational Awareness. Shared
Situational Awareness is achieved when the perception of all team members’ is continuous shared in
relation to the dynamic environment of business, competition, goals and the ability to predict, and then
execute the solutions based on shared perception.
This is often neglected because it is so difficult to pin down the shared perception. And the moment you
pin down the shared perception of the current situation, the situation has already changed. Further, at
times when an individual’s situational awareness is well developed, much of the processing is
unconscious. Take, for example, driving a vehicle.
When you first learned to drive, you were highly aware of many things that required your attention. All
of which had an impact or potential impact on your response. You have to steer, change gears,
accelerate, break, and watch what is behind you, besides you and in front of you. You have to predict
the behavior of every other road user and make decisions based on a common set of rules, all on the
basis of trust. Trust that the other road users will obey the rules, trust that the brake pedal will work, and
trust that each other road user will behave as per your judgment. Now imagine attempting to instruct
another person remotely as to how to do all that in real time. You would need to know that person’s
knowledge and experience, what vehicle they were driving and all the other information which is next to
impossible!
To enable this to work, the leader and each team member needs to be sure that every team member
will perform their role effectively and how each will respond to a given known ( or unknown) situation
following the commanding instructions based on known shared values using their known abilities and
experience. It also means that team members look out for each other in the interest of the team.
When Shared Situational Awareness is poor, teams:
•

Conceal their weaknesses and mistakes from one another;

•

Hesitate to ask for help or provide constructive feedback;

•

Hesitate to offer help outside their own areas of responsibility;
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•

Jump to conclusions about the intentions and aptitudes of others without attempting to clarify
them;

•
•

Fail to recognize and tap into one another’s skills and experiences;
Waste time and energy in managing their behaviors for effective functioing;

•

Hold grudges; and

•

fear the meetings and find reasons to avoid spending time together.

3.4.2.5

Communication

The fifth component of an effective team is their communications (Figure 3.8). Communication brings to
light the disagreements so that teammates can hammer out their differences and move forward in
unison. Communications also spreads information, which eliminates redundancies and prevents
teammates from working at cross‐purposes.

Figure 3.8. Without good communication, VE workshops would be boring and the
probability of success would decrease considerably

Communication within the team must continuously reinforce and support each of the other four
components (openly and candidly).
If a team member does not understand what his/her teammates are saying, the teammates are
responsible for getting their message across.
The Teams that have poor communications invariably:
•

Have boring meetings,

•

Create environments where back-channel politics and personal attacks thrive,

•

Ignore controversial topics that are critical to team success,

•

Fail to tap into all the opinions and perspectives of team members, and

•

Waste time and energy with posturing and interpersonal risk management.

3.4.3

Effect of Team Size

The number of members in a team is an important issue. Optimum team size has been a heated topic
of debate not only in the workplaces, but also in after-hours social gatherings as well. In the same spirit
that one defends his inheritance, some practitioners advocate a precise number of members on a project
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team. Albeit that the preferences may range from a low of three, to anywhere up to a battalion! It’s an
ongoing argument!
The reality is that the job/task to be achieved is important and the situation will determine how many
members will be needed in a specific case. In retrospect, the number of members is surely less important
than the collective grey matter, skills, initiative, and assembled attitudes to get the job/task done.
Perhaps a good rule of thumb is that the team should only be as large as necessary to do the job within
the scope of parameters. With respect to deciding on a number of members, experience suggests that
a team size of 5-7 permanent members may handle ninety percent of projects encountered.
As different inputs are needed during the project life, experts can be brought in and taken out of teams
on Ad Hoc basis.
Group size has a direct effect on potential productivity. Given equal parameters, potential productivity
of teams would increase in direct proportion to members added: two members having twice the potential
then one, three having three times the potential, and so on.
But this is hardly the case. Not all members will possess the same level of intellect, expertise, skills, and
experience. Nor will all functions represented have equal impact on the subject being worked. As
members are added, there will be more redundancy of already accumulated knowledge and less new
insight and thoughts (Figure 3.9).

Figure 3.9. The effect of team size on productivity

Rather than an absolute number, the recommended size may be stated as a range. That range, for
ordinary manageable projects or sub-projects, would normally be five to seven members, with ad hoc
members added as needed to supplement the group dynamic processes. We call it the “5-7 Rule”.
However, nothing is entirely sacrosanct about the size. Size is determined by the situation, and violating
the “5-7 Rule” becomes a necessity at times. For example, an industrial project, scope was extensive
and was carried through four phases over a five-year planning and implementation period. The four
phases were required due to timing of capital availability and practical limitations on the organization’s
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ability to manage mega-processes. Several committees, teams, and sub-teams were involved in the
processes. Some of the action teams exceeded a dozen members, one or two approaching even twenty
members.
3.4.4

Applicability of Value Engineering

Owners who derive benefit from a VE evaluation of their projects include both public and private sector
entities. Project types can include any facility or structure, such as bridges, highways, buildings,
hospitals, schools, court facilities, mass transit facilities, water treatment plants, and marine facilities.
VE is currently used by the U.S. Military and by many agencies at all levels of government, including
federal, state, and local (Figure 3.10).

Figure 3.10. Benefits of Using Value Engineering

Value methodologies can be applied during any stage of a project’s development cycle, although the
greatest benefit and resource savings are typically achieved when value methodologies are applied
during the conceptual stages itself. At this point, the basic information of the project is established, but
major design and development resources have not yet been deployed. The reason this is the best time
to apply a Value methodology is because at this stage the basic functioning of the project has not been
established yet and alternative ways could be identified and considered.
Examples of such applications could be:
•

Construction projects could benefit by identifying improvements in various phases of the project:
concept development, preliminary design, final design, procurement and thereafter
construction.

•

Manufactured products, whether consumer, industrial, or defence, may be studied with a focus
on either the design or manufacturing processes of that product. A product may be the subject
of a Value study at any time during the product’s life. A Value study can be applied at the onset
of the product development to better understand the customer’s needs, identify the functions
necessary to satisfy those needs, and develop the initial concept. Throughout the design
development, Value methodology can be used to refine and enhance the concept, based on the
latest facts. Even after a product has been introduced and is in production phase, a Value study
can be used to further enhance the product and respond to changing customer and economic
situations. A Value methodology can be used to either develop new ways to manufacture a
product or change an existing process.

•

Business systems and processes may also be the subject of Value studies. Many elements of
a business or an organization may be improved through the application of a Value study. This
may be from the development of business plans and organizational studies to improving existing
business processes.

•

Service organizations can also benefit from the use of Value methodologies. In the past, Value
methodologies have been used to improve processes and procedures in the medical industry
(operating rooms, emergency rooms, etc.) and the legal system (police systems).
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Value methodologies may be applied more than once during the life of the project. Early application of
a Value methodology helps to get the project started in the right direction, and repeated applications
help to refine the project’s direction based on new or changing information. A delayed Value study of a
project may result in cost increases.
A Value methodology may be applied as a quick response study to address a problem or as an integral
part of an overall organizational effort to stimulate innovation and improve performance characteristics.
Value methodologies may be used to enhance an organization’s quality programs, new product
development activities, manufacturing processes, and architectural and engineering designs.
3.4.5

VE Study Features

The basic phases of a VE study include:
•

Information Phase: Gather information about the project.

•

Function Analysis Phase: Identify basic project functions and goals.

•

Creative Phase: Formulate project alternatives.

•

Analysis Phase: Evaluate project alternatives.

•

Evaluation Phase: Develop best alternatives.

•

Presentation Phase: Present recommendations.

•

Implementation Phase: Incorporate suggestions into the project.

VE studies identify project issues and provide opportunities to optimize the design in progress while
validating project scope, budget, and costs. Activities undertaken during VE studies include:
•

Understanding project criteria;

•

Identifying appropriate project scope;

•

Validating project initial cost and budget;

•

Ascertaining best value alternatives;

•

Evaluating life cycle costs;

•
•

Identifying and evaluating risk;
Assessing the schedule;

•

Reviewing constructability;

•

Evaluating contract/procurement options; and

•

Minimizing change orders during construction.

Cost reduction as a standalone issue is not a part of the VE process. Reduction in cost is often an
outcome of the process, although it is never achieved by sacrificing functions essential to project
success.
A Value study generally encompasses three stages:
1. Pre-Workshop (Preparation)
2. Workshop (Execution of the six-phase Job Plan)
3. Post-Workshop (Documentation and Implementation)
The duration for executing the Job Plan in a Value study depends on several factors: the size and
complexity of the project, the stage of project development, the estimated cost of the project, etc. A
typical duration for the Workshop Stage is four-days, which does not include the Pre-Workshop and
Post-Workshop efforts. Projects with a concise scope or a low level of complexity may be performed in
less time. Sufficient time should be allotted to adequately apply the Value methodology processes and
document the team’s findings. Shortening the time needed to execute the Job Plan may result in a less50
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than optimal result. Projects of very large scope or complexity may require 10-15 days or more to
achieve the study’s objectives. Consideration of these factors is important to ensure that the proper time
is allocated and needs to be addressed as part of the upfront planning for a Value study.
3.4.6

Team Formation

Formal VE studies should be led by a trained facilitator (e.g., Certified Value Specialist - CVS). Studies
are most successful when qualified individuals from a range of disciplines and backgrounds are included
in the team to achieve an optimum combination of perspectives, owner requirements, project goals and
constraints, and independent technical input.
Collaboration between owner and independent team members will encourage diversity and
independence of thoughts. An advantage of the integrated team is that the potential for organizational
constraints can be overcome. Teams totally or mostly composed of owner representatives are generally
more constrained by policy, politics, guidelines, standard practices, and/or regulations.
3.4.7

Implementation of Value Engineering

As shown in Figure 3.11, the design effort (costs) versus the total project costs as expected over the life
cycle of a typical project are the smallest expenditure. Usually, all of the initial costs of a project add up
to less than 50% of the total life cycle cost.

Figure 3.11. Life Cycle Cost Distribution

Influences on Costs (Figure 3.12) shows, which decision-makers have the most influence over the total
cost of ownership during the life cycle of the project. Operations and maintenance personnel, although
often responsible for the majority of the project’s total costs, have very little influence on decisions that
add to life cycle costs. Two things can be observed here: 1) the earlier VE is performed, the greater is
costs savings; and 2) the design process should take life cycle costs into account.

Figure 3.12. Impacts on Costs

All phases of VE involve the search for answers to the question, “what else may accomplish the function
of a system, process, product, or component at a reduced cost?” Obviously, cost savings diminish as
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time progresses from inception to completion of a project, leaving few, if any, identifiable cost savings
for operation and maintenance without compromise.
What makes VE effective is the use of creative techniques at the proper stage. Value Engineering is not
just good engineering, it is not a suggested program, and it is not a routine plan review, but it is an
independent approach to the project. Therefore, the user must also recognize that VE entails a certain
amount of expense that must be justified by savings in potential costs. Accordingly, the need for change
in standards, concepts or plans must be recognized and a distinct opportunity for financial rewards in
terms of life cycle cost savings must warrant the added project engineering cost of a VE efforts.
Typically, a VE study may generate recommendations to eliminate ten to thirty percent of the project's
construction costs. The designer usually accepts about half of these recommendations, providing
savings of at least five percent. The cost of the VE efforts (including any redesign) is usually less than
ten percent of the implemented savings.
The VE processes do not change with the project delivery methods. In the standard design scenario,
the VE study (or studies) can be performed at any time during the project delivery processes, starting
with scoping/planning and continuing through various stages of design completion. Pareto’s Law of
Distribution presented in the graph below (Figure.3.13) shows that a limited number of project elements
correlate to a majority of project cost. The VE study will generally focus on major project components
as it determines best value.

Figure 3.13. Pareto’s Law of Distribution in total costs

As the design and project schedule advances, each successive study performed offers a slightly
different focus. Typically, the earlier the study occurs, the greater the potential benefits are. Owners may
elect for only one study or to have multiple studies performed in response to project complexity and/or
costs.
•

VE at Planning/Scoping: Define project budget and key parameters.

•

VE at 0% Design: Identify project requirements and issues.

•

VE at 15 % Design (Schematic): Validate and refine project concepts and costs.

•

VE at 30% Design: Evaluate major systems and refine costs.

•

VE at 60% Design: Refine systems, costs, and constructability.

The life-cycle cost, or total project cost over the operational life of a facility, equates to the initial capital
costs plus future operation and maintenance costs. The owner should not underestimate future costs
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during project scoping and design; VE can be a useful tool in specifically addressing and estimating total
project costs.
Projects that forego the VE process rely upon the designer’s estimate of the total project costs. Lifecycle cost is usually addressed by an owner obligation to design a facility for a specified operational life
(Figure 3.14). Designers rarely perform a formal life-cycle cost analysis, and instead use their
experience and best judgment to estimate total costs. VE studies during the early stages of design prior
to issuance of the RFP will help identify structure types, materials, and equipment or systems that
require future costs to maintain the function.

Figure 3.14. When to use VE

As long as the project requirements presented within the terms of the RFP are not violated (minimum
conditions met), the design-builder is generally not concerned with life-cycle costs. VE within designbuild procurement provides another opportunity to address these issues. When the design-builder
participates in a VE study with the owner and designer, the issues associated with life-cycle cost and
best value can be revisited to assure that the owner’s interest in long-term viability and cost control are
adequately addressed by the design solutions.

3.4 Creativity and Divergent Thinking
As mentioned before, creativity is an essential tool for solving the great problems of the 21 st century and
it plays a key role in the success of Value Engineering studies. In this section, we will briefly discuss
creativity, divergent thinking and ‘Six Thinking Hats’ method.
3.5.1

Left Brain vs. Right Brain and Creativity

Usually, people tend to be more of a right-brain or left-brain thinker (Figure 3.15). Left brain people are
said to be more rational, analytic, and controlling, while right brain people are said to be more intuitive,
creative, emotionally expressive and spontaneous.
While there is little evidence that a more dominant ‘half brain’ (left or right) determines a person’s
personality or not, there is good evidence that regions of the right hemisphere have a key role in what
is called divergent thinking and the creative problem solving that depends on it.
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3.5.2

Convergent Thinking and Divergent Thinking

The psychologist J.P. Guilford first invented the terms convergent thinking and divergent thinking back
in 1967. Lateral thinking which is closely associated with divergent thinking is a term coined by the
thinking guru Edward De Bono – author of ‘Six Thinking Hats’.

Figure 3.15. Left Brain vs. Right Brain People

Divergent thinking is the process of generating multiple related ideas for a given topic or solutions to a
problem. Divergent thinking occurs in a spontaneous, free-flowing, ‘non-linear’ manner. Convergent
thinking, on the other hand, is the ability to apply rules to arrive at a single ‘correct’ solution to a problem
such as the answer to an IQ test problem. This process is systematic and linear. In addition, Lateral
Thinking is solving problems through an indirect and creative approach, using reasoning that is not
immediately obvious and involving ideas that may not be obtainable by using only traditional step-bystep logic. It uses both convergent and divergent thinking. A few examples of divergent thinking are as
follows:
1.

Complete the following series.
1

2

3

4

5

6

7

8

9

?

?

?

?

?

?

94

46

18

2.

What is the next shape in the following series?

3.

What are the two next letters?
O

T

T

F

F
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S

-

-
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3.5.3

Free Association Theory of Creativity

Divergent thinking tasks have been widely used because traditionally creativity has been understood in
terms of the accessibility of concepts in our long-term memory systems. Concepts are connected in our
brains in ‘semantic networks’. Here is a schematic of a semantic network (Figure 3.16), with each
concept ‘node’ of the network accessible from the concept ‘street’ via other nodes.
Psychologists have proposed that individual differences in creativity are due to differences in whether
these kinds of associative networks were ‘steep’ or ‘flat’ – those with ‘flat’ networks have numerous
loose conceptual connections, enabling them to be more creative. Those with ‘steep’ networks tend to
have more logical, linear associations between nodes. In Figure 3.17, someone with a flat network
quickly and creatively hops – node to node – from peacock to Rolls Royce – something someone ‘linear’
in their thinking would struggle with.

Figure 3.16. An example of a Semantic Network in the brain

The cognitive neuroscientist Mark Beeman has brought together in one package the ‘left brain’ vs. ‘right
brain’ idea, and the steep vs. flat semantic network idea. Steep, linear, logical and focused semantic
network is a specialization of the left hemisphere, while flat, diffuse, unfocused semantic network,
connecting distantly related concepts, is a specialization of the right hemisphere.
On his account, the left brain is specialized for convergent thinking, while the right brain is specialized
for divergent thinking. Robert Ornstein, Professor of cognitive neuroscience at Dartmouth College in
New Hampshire has studied left and right-brain dominance and has concluded the, if for example, leftbrain person can improve her or his right brain, the resulted synergy can improve the performance of
the person by 5 to 10 times!
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Figure 3.17. An example of linear thinking

3.5.4

What is Creative Inspiration?

Creative breakthroughs are often reported to emerge spontaneously, when the mind is distracted and
not focusing on the problem at hand.
Many major breakthroughs happen in the unlikeliest of places, like Archimedes in the bathtub. It reveals
the wisdom of Google putting Ping-Pong tables in the lobby and confirms the practical benefits of
daydreaming. As Einstein once declared, “Creativity is the residue of time wasted”.
Scientists have begun studying the problems with incubation and flashes of insight. For a quick-andready demonstration of the idea of creative insight is as below:
“A man has married 20 women in a small town. All of the women are still alive, and none of them
is divorced. The man has broken no laws. Who is the man?”
If you solved the question, the solution probably came to you in a flash. The man is a priest or vicar.
3.5.5

‘Six Thinking Hats’ Method

Edward de Bono (Figure 3.18) is a Maltese-born entrepreneur, writer, consultant and an individual who
holds college degrees in medicine and psychology. He was born on 19 May 1933, in Malta. St. Edward’s
College in Malta granted him a medical degree, and he obtained an MA in psychology as a Rhodes
Scholar. After receiving many honors, he got opportunities to teach in prestigious universities such as
Oxford, Harvard, and Cambridge. Edward authored more than forty books; among them, “I am Right,
you are Wrong”; “The Happiness Purpose” and “Teach Your Child How to Think” were the masterpieces.
Six Thinking Hats is a method for generating ideas which he proposed in his book “Six Thinking Hats”
(Figure 3.19).
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Figure 3.18. Edward de Bono

Figure 3.19. The cover of the book ‘Six Thinking Hats’

People are familiar with two types of challenges: (1) when they strive to resolve some problem or (2) to
overcome an unpleasant situation. You probably know the first obstacle already – The Ego. The Ego is
not considered as something wrong; but as to understand how your personality affects your decisionmaking. It is composed of an ambition to succeed, to oppose someone or something, and to underline
the mistakes made by other people out of confusion and misunderstanding.
The Ego is a mix of emotions and phenomena which regularly judge other people based on their opinion,
appearance, education, creativity, intelligence, etc.
Sometimes for a person, it is better to disregard emotions like logic, hope, and creativity to cope with
the difficulties of today. The “Six Thinking Hats” (Figure 3.20) will help you carry out meaningful analyses
that will aid you in the managerial processes by focusing only on the most important issue of all. The
hats are reckoned as visualization tools that associate with each of our brain functions.
According to Edward de Bono, people from all races, nationalities, cultures, and outlooks are invited to
use his Thinking Hats method: “It grants each person access to all sorts of information quickly and
conveniently”. De Bono’s visualization tools are not only helpful to deemphasize vanity but also, they
point out to one sporadic non-judgmental decision-making approach.
You have probably heard that rationality confronts the creative hemisphere of human mind. Creativity is
something profound which destroys the idea of a concept. Thinking is also a changeable concept; occurs
even in sleep mode. Edward de Bono educates individuals of the variable nature and at their variable
developmental phases.
All of the six hats represent a unique self-developed mindset. Attitudes are a dangerous phenomenon;
they can be your best friend or your worst enemy. The shape of your world defines them and indicates
the amount of collective opinion that dwells in you. As de Bono says: “The need to be right all the time
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is the biggest bar to new ideas. It is better to have enough ideas for some of them to be wrong than to
be always right by having no ideas at all”. To improve the performance of a team, it is recommended
that all the members have the same thinking mode or “Thinking Hat” at a given time. For example, during
information phase of a VE workshop, all the team members should use “white thinking that”.

Figure 3.20. Description of the Six Thinking Hats

The main benefits of the ‘Six Thinking Hats’ method are the following:
•

allows you to say things without risk;

•
•

generates understanding that there are multiple perspectives on an issue;
is a convenient mechanism for “switching gears”;

•

focuses on thinking;

•

leads to more creative thinking;

•

improves communications; and

•

improves decision making.

This technique is especially practical in brainstorming, as it enhances creativity and then enables
criticizing the ideas and selecting the best (Green and Black thinking hats, respectively).
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3.6 FAST Method
3.6.1

History and Description

“A problem well stated is a problem half solved.” These words were uttered by Charles F. Kettering 1
nearly 75 years ago and are still just as true today as before. Often, individuals and teams jump into
problem solving activities without fully or properly defining what it is at stack or what really needs to
solved or what factors or interactions within the problem may create complications?
Function Analysis System Technique (FAST) is a tool that has been the mainstay of the Value
Management profession since its introduction in 1965. FAST diagrams provide a graphical
representation of how functions are linked or work together in a system (product, or process) to deliver
the intended goods or services. By focusing on functions, teams and individuals can focus on what is
truly important and not be constrained by physical features of products or processes, leading to a better
definition of the problem and a clearer path to a solution. In short, FAST is a technique to develop a
graphical representation showing the logical relationships among the functions of the project, product,
process or service based on the questions “How” and “Why”.
Developed by Charles W. Bytheway in 1964 and first presented as a paper in the conference of the
Society of American Value Engineers, FAST contributed significantly to perhaps the most important
phase of Value Engineering – function analysis. The Value Engineering discipline of describing a
function by using a verb and a noun is still intact. Distinguishing between basic and secondary functions
and their subsets is also incorporated into the FAST process. The most dramatic differences are in the
use of intuitive logic to “test” the functions and graphically display them in a diagram or model form.
Function Analysis is a common language, crossing all domains and technologies. It allows multidisciplinary team members to contribute equally and communicate with each other while addressing the
problem objectively without bias or preconceived conclusions.
FAST can also shift the VE team from left-brain to right-brain thinking. In this context, conceptual thinking
and creativity would be enhanced. In addition, the team can focus on the strategic details rather than
technical details.
As an effective management tool, FAST can be used in any situation that can be described functionally.
However, FAST is not a panacea; it is a tool that has limitations which must be understood if it is to be
properly and effectively used.
FAST is a system without dimensions – that is, it will display functions in a logical sequence, prioritize
them and test the dependency, but it will not tell you how well a function should be performed
(specification), when (not time oriented) and by whom, or for how much. However, these dimensions
can be added to the model based on the objectives of the project.
There is no “correct” FAST model for comparing it with some text solution, but there is a “valid” FAST
model. Its degree of validity is directly dependent on the talents of the participating team members. The
single most important output of the multi-disciplinary team engaged in a FAST exercise is consensus.
There can be no minority report. FAST is not complete until the model has the consensus of the
participating team members and adequately reflects their inputs.

2

Charles Franklin Kettering (1876 –1958) was an American inventor, engineer, businessman, and the holder of 186 patents. He
was the founder of Delco, and was head of research at General Motors from 1920 to 1947. Among his most widely used
automotive developments were the electrical starting motor and leaded gasoline.
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3.6.2

Benefits

The development of a FAST diagram helps the teams to:
•

Develop a shared understanding of the project.

•

Stimulate creativity (by enhancing conceptual thinking).

•

Help the team focus on the main aspects in creativity phase.

•

Provide the input for the next phase (creativity and brainstorming).

•

Identify the missing functions.

•
•

Define, simplify and clarify the problem.
Organize and understand the relationships between functions.

•

Identify the basic function of the project, process or product.

•

Improve communications and arriving at consensus.

3.6.3

How to Create a FAST Diagram

A function is described by using a verb-noun form. For example, the basic function of a pencil is to
“create marks”, or the basic function of a chair is to “support weight”. Three key questions are addressed
in a FAST Diagram:
•

How do you achieve this function?

•

Why do you need this function?

•

When to do this function and what other functions are required?

The following diagram illustrates as to how a function is expanded in "How" and "Why" directions in a
FAST diagram:
3.6.4

Steps in Constructing the FAST Diagram

Start with the Functions as identified using Function Analysis:
•

Expand the functions in the “How” and “Why” directions.

•

Build along the “How” path by asking ‘how is the function achieved’. Place the answer to the
right in terms of an active verb and measurable noun.
Test the logic in the direction of the “Why” path (right to left) by asking ‘why is this function
undertaken?’

•
•
•

When the logic does not work, identify any missing or redundant functions or adjust the order.
To identify functions that happen at the same time, ask ‘when this function is done, what else is
done or caused by the function?’

•

The higher order functions (functions towards the left on the FAST Diagram) describe what is
being accomplished and lower order functions (functions towards the right on the FAST
Diagram) describe how they are being accomplished (Figure 3.21).

•

“When” does not refer to time as measured by a clock, but functions that occur together with or
as a result of each other.
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Figure 3.21. Directions in a simple FAST diagram

3.6.5

Example Fast Diagram: Mouse Trap

Consider the following FAST diagram for a mouse trap using the ‘How and Why’ logic as described
above:
As an engineering example, the Shatoot project is planned to be constructed on the Maidan River for
supplying part of Kabul domestic water. The project consists of 131 m high Shatoot dam, a water transfer
system and a treatment plant. A VE study was conducted on the project in 2014. The FAST diagram
prepared by the team is presented in Figure 3.22 and Figure 3.23.

3.7 VE Job Plan
Value methodology is a systematic process that follows a Job Plan. The Job Plan consists of the
following sequential steps:
•

Information (gathering of information)

•

Function Analysis (analyzing functions, worth, cost, performance and quality)

•
•

Creative (speculating using creative techniques to identify alternatives that can provide the
required functions)
Evaluation (evaluating the best and lowest life-cycle cost alternatives)

•

Development (developing alternatives into fully supported recommendations)

•

Presentation (presenting VE recommendations for review, approval, reporting and
implementation)

•

Implementation (Implementing
recommendations)

and

evaluating
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Figure 3.22. A FAST diagram example: Mouse trap.

Figure 3.23. The FAST diagram of Shatoot project.

To apply the VE Job Plan, two important factors must be recognized:
•

•

An effective VE effort must consider all phases of the Job Plan. Omission of any one of the
phases will hamper accomplishment of the objectives. The amount of attention given to each
phase, however, may differ from one project to another.
Execution of the plan requires a team effort. The cooperation and active participation of several
people produces the most effective results. Group dynamics play an important role, and
illustrate that the results of a team of professionals is greater than the sum of efforts by individual
team members.
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All phases of the VE Job Plan can be observed in Figure 3.24. These phases are briefly explained as
follows:

Figure 3.24. Phases of VE Job Plan at one glance
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Value Engineering process diagram is illustrated in Figure 3.25.

Figure 3.25. Value Study Process Flow Diagram

3.8 Standard Value Engineering Activities
The standard Three-Stages of Pre-Workshop, Workshop and Post-Workshop; and Six-Phase Workshop
Job Plan Activities; are described on the following pages with related activities and suggested tools and
techniques:
3.8.1

Pre-Workshop Activities

The purpose in this phase is to plan and organize the Value Study.
Common Activities
•

Obtain senior management concurrence and support to the job plan, roles, and responsibilities

•

Develop the scope and objectives for the Value Study

•

Obtain project data and information

•
•

Obtain key documents such as scope of work definition, drawings, specifications, reports, and
project estimate
Identify and prioritize strategic issues of concern

•

Determine the scope and objectives of the study

•

Develop the study schedule

•

Undertake competitive benchmarking analyses
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•

Identify Value team members

•

Obtain commitment from the selected team members to achieve the project objectives

•

Review the project costs

•

Gather appropriate customer/user information about the project as appropriate; invite suppliers,
customers, or stakeholders to participate in the Value study

•

Share information with team members for review

•

Develop informational models and diagrams about the project

•

Determine the study dates, times, location and other logical needs

•

Clearly define, with senior management, the requirements for a successful Value study results

The desired outcome is a clear understanding of what senior management needs to have addressed,
what the strategic priorities are, and how improvement will increase organizational value. It is during this
phase that a view is formed as to whether subsequent phases are likely to yield sufficient value to justify
the cost of the study within the terms set. It may be appropriate to increase or decrease study parameters
at this time. The team members are knowledgeable and committed to achieve the project objectives.
3.8.2

Workshop Activities

Information Phase
The purpose of this phase is to understand the current state of the project and constraints that may
influence the project.
Common Activities
Collect the project data and information and key documents such as scope of the work, drawings,
specifications, reports, detailed project cost information, marketing information, process flow charts, etc.
This phase brings all team members to a common platform with basic level of understanding of the
project, including strategic and operational parameters. The functional understanding among the
members establishes the basics to identify and benchmark alternatives and mismatches, if any, and set
the agenda for innovation.
Function Analysis Phase
The purpose of this phase is to understand the project from a functional perspective; what the project
must do, rather than how the project is currently conceived.
Common Activities
Identify the project functions (team formation strongly encouraged).
This phase focuses on validation that the project satisfies the need and objectives of the customer. It
provides a more comprehensive understanding of the project by focusing on what the project does or
must do rather than what it is. The team identifies value-mismatched function(s) on which to focus in
order to improve the project.
Creative Phase
The purpose of this phase is to generate a number of alternative ideas to perform the same functions.
Common Activities
•

Conduct creative warm-up exercises

•

Establish rules that protect the creative environment being developed
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The team develops a broad array of ideas that provide a wide variety of possible alternative ways to
perform the function(s) to improve the value of the project.
Evaluation Phase
The purpose of this phase is to reduce the number of ideas that have been identified to a short list of
ideas with the greatest potential to improve the project.
Common Activities
•

Clarify and categorize each idea to develop a shared understanding

•

Discuss how ideas affect project costs, and performance parameters

The team produces a focused list of concepts that warrant quality time to develop into value-based
solutions that can be implemented into a project or a project feature.
Development Phase
The purpose of this phase is to further analyze and develop the short list of ideas and develop those
with merit into Value alternatives.
Common Activities
•

Compare the conclusions to the requirements established during the Information and Function
Analysis Phases

•

Prepare a written value alternative for each idea selected for further development

•
•

Assess and allocate risk judgments and costs, where appropriate
Conduct cost-benefit analysis

•

Generate sketches and information needed to convey the concept

•

Confirm that an alternative should be further developed

•

Finish initial alternative development

•

Develop an action plan to define implementation steps, dates, and responsibilities for each value
alternative

The Value study team creates alternatives and low-, medium-, and high-risk scenarios and offers these
alternatives to senior management as options to address the Pre-Workshop strategic objectives.
Presentation Phase
The purpose of this phase is to present value alternatives to management team and other project
stakeholder's or decision makers.
Common Activities
•
•

Prepare presentation and supporting documentation
Compare the conclusions to the requirements established during the Information and Function
Analysis Phases

•

Offer “risk-reward” innovative scenarios to select value alternatives for implementation

•

Exchange information with the project team

•

Ensure that the management has full and objective information upon which they can make
decisions

•

Outline an anticipated implementation plan
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•

3.8.3

Ensure that management and other key stakeholders understand the rationale of the value
alternatives. Also generate interest to sanction implementation.
Post-Workshop Activities

Implementation Activities
The purpose of this phase is to ensure accepted value alternatives are implemented and that the
benefits projected by the Value study have been realized.
Common Activities
•
•

Review the preliminary report
Conduct an implementation meeting to determine the disposition of each value alternative.

•

Establish action plans for those alternatives accepted and document the rationale for the
rejected alternatives

•

Obtain commitments for implementation

•
•

Set a timeframe for review and implementation of each value alternative
Track value achievement resulting from implemented alternatives

•

Sign off deliverables

•

Validate benefits of implemented changes

•

Ensure that the new practices become embedded by establishing and managing an
implementation plan

The project stakeholders will determine the changes in the project as a result of the Value study. These
may be changes to the original concept or basics of the study, resulting from the value alternatives that
the project development may incorporate in future design or product development activities.
3.8.4

Value Study Follow-Up Activities

The purpose of this phase is to follow up on implementation of the Value study results and improve the
application of a Value methodology for future studies.
Common Activities
•

Prepare a report of the results of the study, lessons learned, or other items to be recorded and/or
tracked through implementation

•

Identify where opportunities were missed

•
•

Identify roadblocks to innovation and understand why they existed
Debrief and record lessons learned

•

Integrate Value study results into organization’s lessons learned or program reporting

•

Reflect on the Value study and consider how the experience has developed new capabilities

Individuals become better value creators by reflecting on theories they held before the Value study,
comparing the way things turned out, and ascertaining how that knowledge affected the way they
believed in their own theories in the first place. This is a key step in learning what will help the
organization become better at managing innovation.
The Value Engineering process diagram is shown in Figure 3.26.
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Value Engineering Process Diagram
Pre-Workshop Activities
• Prepare for Workshop
• Plan the Value Study
• Review Documents

• Prepare Models
• Organize Team Member

Workshop Activities

Information Phase

Function Analysis
Phase

Creative Phase

Evaluation Phase

Development
Phase

Presentation
Phase

Understand
Project & Issues

Understand
Purpose of Project
Parts

Generate Ideas To
Improve Value

Select the Best
Ideas

Provide
Additional
Information

Explain Ideas and
Rationale

Post-Workshop Activities
•
•
•
•

Enhance Recommendations
Select Alternatives
Document the Results
Ensure Accepted Alternatives are Implemented

Figure 3.26. Value Engineering Process Diagram

3.9 The Main Principle of VE Certification Program:
Based on ‘Knowledge Iceberg’ theory illustrated in Figure 3.27, about 70 percent of knowledge is
acquired through experience. In fact, this corresponds closely with the certification of VE team leaders
and facilitators. Leading a VE study is similar to piloting an aircraft. The VE team leader should acquire
most the capabilities required through experience by participating in VE workshops led by experienced
leaders. In fact, SAVE International certification program is based on this principle.

3.10 Inhibitors and Roadblocks
A roadblock is a decision, attitude, or situation that inhibits progress on a VE idea. It has also been
defined as “a negative response based on an irrelevant assumption supported by unrelated facts”. Both
the Value Engineer and the management must be capable of determining the difference between
objective criticism and a roadblock. However, before pointing to "roadblocks", we should ask ourselves
and the rest of the team, “what did we say or do to elicit this kind of response? Are we being selfrighteous? Are we packing our listener into a corner?”
There are literally thousands of possible roadblocks. Here are just a few:
•

It needs higher approval.

•
•

The people will think we are crazy.
They will never go for it.

•

We did it this way the last time.

•

It doesn't agree with the guide specs.

•

Our company is different.

•

The owner says it can't be done.
68

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

•

Cost doesn't matter in this case.

•

We're not ready for it yet.

•

It will make other procedures obsolete.

•

It will set a precedence.

•

Architects are difficult to deal with.

•
•

We can't ask him that.
The design team won't like it.

One should keep in mind that these roadblocks are the best reasons in the world to stop the process
and do not require further development. Roadblocks have existed for years before VE was introduced.
Many of the reasons presented are the results of biased thinking and design. All designs are biased due
to the expertise, experiences and orientations of the designers and clients.

Figure 3.27. Knowledge Iceberg Theory

The Value Engineering methodology is based on the synergy and creativity of an independent team.
The independence and outside perspective of the team would reduce the bias in the design and
consequently would result in savings and enhanced benefits for the projects. The main strengths of VE
are shown in Figure 3.28.

Figure 3.28. The main strength of Value Engineering for removing unnecessary costs
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In Bulletin 144 of ICOLD (2011) on Cost Savings in dams, the biased design and the role of VE to the
address it has been discussed:



There can be a tendency to copy previous designs or arrangements. From the perspective of
the designer and owner, this can give the comfort of previous acceptable behaviour. However,
given the variety of such standardized arrangement, it is highly unlikely that they are at present
the most economical solutions in each case. In some cases, designs may have been developed
to fulfil a particular set of needs, some of which may not apply elsewhere. Similarly, a new
requirement may be needed in a particular case when it is not addressed to previous design. VE
is a useful technique to address such issues.”
Consequently, agencies adopted VE to:
•

Save money and ensure cost-effectiveness,

•

Improve quality,

•
•

Eliminate unnecessary design elements, and
Foster innovation and improve productivity.

3.11 Summary
Value Methodology (VM) is an organized system of investigation using trained multi-disciplinary teams
to analyze the requirements of a project for the purpose of achieving its essential functions at the lowest
total cost (capital, operation, and maintenance) over the life of the project.
Value Engineering can eliminate unnecessary costs, which are caused by:
•

shortage of time,

•

misleading information,

•

ambiguous goals,

•

hasty decisions,

•

lack of ideas,

•
•

lack of funds,
resistance to change,

•

unrealistic temporary circumstances,

•

politics,

•

lack of appropriate standards

•

Overdesigning, and many more.

Furthermore, Value Engineering can improve poor Values in projects. Some reasons for poor Values
are lack of information, decisions based on wrong assumptions, habitual thinking, negative attitudes,
and reluctance to seek advice, shortage of time, poor human relations, and so on. VE is a proven
technique for improving the Values of any projects especially larger ones. VE can have many benefits
in large projects, such as:
•

to shorten schedules significantly;

•

to provide quality projects with reduced budgets;

•

to ensure full project coordination with all stakeholders;

•

to assist in preparing project scopes, negotiating environmental contracts, planning
optimization, and project review;
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•

to provide planning assistance to states/communities;

•

And to assist in project reviews.
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CHAPTER 4:

Value Engineering Programs

4.1 VE programs
As discussed in chapter 2, it may take a long time to have functional VE in large organizations, sectors
and ministries. Effective applications of VE need long-term successful experiences, strong beliefs and
resources. If the main principles of VE are not well understood and implemented, the pilot VE studies
may not accomplish the expected benefits. In this context, based on worldwide experiences, VE
programs are used to facilitate acceptance of VE in large organizations, sectors and ministries.
Based on NCHRP synthesis 353 (Application of Value Engineering in transportation), the prerequisites
for successful application of VE are as follows:
1. The VE processes and procedures are well-defined and generally well-understood at most
levels including senior management.
2. VE is recognized as an effective way to improve the performance of a project and/or reduce
unnecessary capital and operating costs.
3. A key ingredient to the success of the VE program is the quality (qualifications and experience)
of the team leader, members and specialists.
4. VE is more effective and influential, on the performance, quality, and cost of a project, when
performed relatively early in the development of the project schedule.
5. Training is necessary to maintain VE programs and the corporate enthusiasm to allocate
resources to VE.
6. VE can effectively be integrated with or into other technical or management improvement
approaches, such as asset management, road safety audits, context-sensitive design, and
accelerated construction technology teams.
In fact, the prerequisites for application of VE phenomenon in U.S. Highway are as follows:
•

More than 50 years of experience

•

VE is regarded as a proven technique

•

Expertise in leading and facilitating VE studies

•
•

Solid trust in effectiveness and efficiency of VE
Legal obligations for conducting VE in large projects

•

Good understanding of VE at all levels especially senior managers

•

Thousands of trained managers and engineers

•

Appropriate laws and regulations

•

The means and the willingness to spend on VE

Accordingly, VE programs are initiated to achieve the mentioned prerequisites in a relatively short time.
The synergy of 5 components of VE program (Figure 4.1) should not be overlooked. In this context,
initiating a VE program would ensure implementation of all 5 components in a pre-defined period
(typically 6 to 24 months).
Training is the first step in any VE program. Everyone from all walks of life should take some decisions
based on the “Value” of the items. In this context, the first impression of many participants in VE training
workshops, invariably, its’ve is about saving and we have been doing it intuitively all the times”!. This
was first observed by late Larry Miles, the father of VE. Miles called it “VE Vaccination” which impedes
learning the complete set of VE techniques and subsequently pilot studies in the organization may not
achieve expected results.
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Figure 4.1. A typical VE program

The first author has conducted some 400 VE training workshops during the last 15 years. The training
experiences could be summarized as follows:
•
•

The emphasis on creativity and team work during the training workshop can enhance the
effectiveness of the workshop considerably.
The presentation of the worldwide successful experiences and VE timeline can help trainees
understand the challenges of successful applications of VE.

•
•

More than 97% of the trainees showed enthusiasm for VE with desire to learn more.
More than 98% of the participants believed that VE is an effective tool for large cost savings
and enhancing benefits from large projects.

•

The teamwork and synergy can help trainees achieve first hand VE experiences.

•

After the workshop, the trainees advise other engineers and managers to participate in VE
training workshops. In fact, the trainees’ enthusiasm is contagious.

In reference to the contagious nature of VE, let’s consider a half-day training workshop for young
professionals during ICID Congress in Mexico City in 2017 (Figure 4.2). The trainees were so
enthusiastic about VE that they advised a group of MS Students and Professors to visit Iran in early
2018 to attend a similar workshop. Figure 4.3 presents the team picture of Training workshop in Tehran
for the MS students of Berlin and Bonn Universities.
The evaluation of VE training workshop for German students (2018) see Figure 4.4.
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Figure 4.2. Enthusiasm for VE during ICID Congress in Mexico City (2017)

Figure 4.3. VE Training workshop for MS. Students of Berlin and Bonn Universities in
Tehran (March 2018)

Figure 4.4. The evaluation of VE training workshop for German students (2018)
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4.2 Kimiab VE program in KWPA
VE was introduced in Iran by Management and Planning Organization in 2000. Ever since, a number of
VE programs have been initiated in some ministries and organizations (such as Mavara VE program in
Roads and Urban Development Ministry). Still, the only VE program which incorporated all the 5
components initiated was KWPA (Khuzestan Water and Power Authority). KWPA is the largest water
and power authority in Iran.
Kimiab (which means a combination of Elixir and Water in Persian language) refers to phenomenon of
RoIs (Return of Investment) for VE studies which can exceed 100:1 and 1000:1 in developed countries
and developing countries, respectively. The Vision and Mission of Kimiab VE program is shown in
Figure 4.5.

Figure 4.5. Kimiab VE Programs
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An overview of Kimiab VE program is shown in Figure 4.6.

Figure 4.6. Overview of Kimiab VE program

The main components of Kimiab VE program were:
Training in VE
•

20 Level-1 training workshops (6 hours each) for 400 managers and engineers

•

Level-2 training workshops (16 hours each) for 100 selected managers and engineers

•

Level-3 training workshops (24 hours each) for 100 selected managers and engineers

•

training workshops for 100 senior managers (2 hours each).

The evaluation poll of 20 level-1 training workshops by some 400 trainees is illustrated in Figure 4.7.
The passion of trainees for VE is shown in Figure 4.8.

Figure 4.7. The evaluation poll of 20 Level 1 training workshops by some 400 trainees
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Figure 4.8. Passion for VE during training workshops

Institutionalizing VE
•

VE Regulation in KWPA

•

Organizational Chart

•

Selection of VE studies

•

Code of Conducting VE studies

•

VE reports

•
•

VE documentation
Selection of VE consultants

•

The procedures for VECP

•

VE guidebook

Promoting VE
•
•

A book on application of VE in water and power projects
VE website

•

Newsletters

•

Posters and Brochures on VE

•

Seminars

Conducting pilot VE studies
•

South-east water transfer project

•

North-east water transfer project

•

Ghadir Filtration Plants (24 CMS)

The Value study of South-east water transfer project was conducted in 2015. The base case and VE
alternatives are shown in Figures 4.9 and 4.10. Minimum savings from the VE study is estimated to be
$35 m with the RoI (Return of Investment) of 1300:1.
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Figure 4.9. The design proposed by the consultants for South-east water transfer (base case)

Figure 4.10. The VE alternative for South-east water transfer proposed by the multi-disciplinary team

4.3 U.S. Army Corps of Engineers (USACE) Value Management / Value
Engineering (VM/VE) program
The USACE VM/VE Program has been a leader in applying the Value Engineering methodology to
construction projects since 1964, solidly demonstrating Corps cost effectiveness. The program has
resulted in construction of additional facilities worth over $5.3 billion without additional funds. It has also
assured added quality within available resources. Corps of Engineers sponsored workshops have
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documented cost savings and avoidance over recent years from $140 million to almost $500 million per
year.
The Corps has recently used Value Management/ Value Engineering programs to create and implement
transformations such as how the Corps executes the workloads of all Military Programs; to shorten
schedules significantly, and provide quality projects with reduced budgets and full project coordination
with all stakeholders; to assist in studying opportunities in the project, negotiating environmental
contracts, planning optimization, and project review; to provide planning assistance to states/
communities; and to assist in program reviews.
4.3.1

History, Mission and Policy

(a) History
As mentioned in the previous chapters, the concept of Value Engineering (VE) was first developed by
Mr. Lawrence D. Miles, an engineer for General Electric Company in USA. He created this technique in
response to critical material shortages during World War II. Mr. Miles recognized that proper analysis of
a product’s function often led to improved performance and cost savings as alternative materials or
manufacturing methods were discovered and employed. This formal, organized study of functions to
satisfy the user’s needs at the lowest life cycle costs through applied creativity has saved money and/or
improved quality for companies and governments ever since.
The U.S. Army Corps of Engineers (Corps) has been actively applying Value Engineering to its work
since 1964. The Corps’ program includes VE studies, Value Engineering Change Proposals (VECP) by
contractor, and formal training programs. All ‘Corps’ designs and construction have seen dramatic
improvements in quality and cost effectiveness as a result of VE.
(b) Mission
The ‘Corps’ is responsible for billions of dollars’ worth of annual design and construction, and has a
deep commitment to assure that the public receives maximum value for these funds. VE documents the
Corps’ cost effectiveness and helps ensure optimum expenditure.
(c) Policy
The ‘Corps’ policy is to perform VE on all design and construction programs, and is based on the Federal
Procurement Policy Act, the Water Resources Development Act of 1986, the Office of Management and
Budget Circular A-131 and Department of Defence strategic plans.
4.3.2

Training in Value Engineering

The ‘Corps’ of Engineers makes a concentrated effort to provide its employees the knowledge and
experience of VE methodology. To that end, the ‘Corps’ developed a 40-hour construction-oriented VE
workshop in 1968. Since that time, over 7,000 Corps employees have received this VE training, along
with many employees from other Federal agencies.
The workshop has been revised many times over the years to keep it current and relevant. Several
different government agencies, including the Department of Energy, the Environmental Protection
Agency, the Defence Nuclear Agency, the Coast Guard and the Navy have utilized the Corps’ workshop
to train their employees. Private contractors and designers have also attended the workshops.
The workshop format covers requirements, policies and procedures necessary to enable the participants
to perform effectively as a VE study team member. Through lectures and practical application sessions,
the course provides the history of VE and its development in the ‘Corps’. Team dynamics, human
relations, and creative thinking are also presented. These topics help participants/students become
valuable assets to their organizations by teaching them to use VE techniques in their everyday job
situations.
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Approximately half of the training is devoted to gaining experience in performing a VE study on actual
construction projects. Each student is assigned to a team at the beginning of the workshop based on
his/her experience and work history. The team is responsible for using the knowledge gained during the
lectures to complete their VE study.
Gathering information, brainstorming alternatives, analysing ideas, developing proposals, and making
an oral presentation of the recommendations are a part of the workshop experience. The concept of
working with other people in a cooperative manner to develop solutions is the key aspect of the training.
The ‘Corps’ 40-hour workshops have been instrumental in accomplishing its goal of providing the highest
quality product for the lowest life cycle costs.
The ‘Corps’ of Engineers uses the Project Management Business Process (PMBP) as its delivery
method for all projects. Each project has a project manager (PM) who leads the Project Delivery Team
(PDT).
The ‘Value Engineer’ is a member of the Project Delivery Team and as a team member, s/he provides
advice to the team on how best to apply Value Management principals to the project. The ‘Value
Engineer’ then works with the team in the application of the selected techniques.
4.3.3

Contractor Participation

Through their experience, contractors often have ideas on how to construct a project component
differently than required by the contract itself. For example, a particular idea may focus on other methods
of construction, different materials, or alternative component arrangements. To gain the benefit from
their experience, the ‘Corps’ strongly encourages contractor participation in its VE programs. In this way,
the contractor increases his profit and the government reduces its costs.
The avenue provided for contracts is called the Value Engineering Change Proposal (VECP) clause.
Mandated for use in all contracts exceeding $100,000 (and optional in contracts less than $100,000),
the VECP clause specifies requirements for contractors to submit alternatives to required construction
work. The VECP must satisfy the required function, at an equal or better quality, and at a reduced cost.
The VECP program is an incentive-based process. The contract cost reduction, called the Instant
Contract Savings, on VECP is accepted and implemented by the ‘Corps’ is shared with the contractor.
This provides the contractor with a fair payment price for the work performed, plus a “bonus” of sorts, in
the form of an additional payment for the savings associated with the VECP.
Contractor participation through VECPs remains a cornerstone of the Corps’ VE program. It has proven
to be an excellent means of partnering with a contractor and obtaining the highest value for the Federal
investment. To facilitate contractors in the development of VECPs, the ‘Corps’ provides its VECP
pamphlet.
4.3.4

Application of VE in US Corps’ Projects:

A few selected VE studies in US Corps’ projects are presented as examples of effectiveness and
efficiency of VE.
(a) Command & General Staff College, Ft. Leavenworth, KS
The estimated project cost for the above project was $150 million, a total number of 7 approved
proposals, and a total VE cost avoidance of $19 million (Figure 4.11).
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Figure 4.11. Command & General Staff College Project

(b) Little Goose Temporary Spillway Weir (TSW) – (Figure 4.12)

Figure 4.12. Little Goose Temporary Spillway Weir Project

The estimated project cost for the above project was $6.3 million, 1 approved proposal, and a total
saving of $2.1 million.
Featured proposals in these projects were:
•

Re-use of existing stop log gates instead of constructing new ones.

•

Relocate the prototype test from bay 2 to bay 1.

•

Combine with another contract to decrease contract preparation and contractor mobilization
costs.
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(c) Los Angeles County Drainage Area (LACDA)
This project upgrades 26 miles of channels within the Los Angeles County Drainage Area, Los
Angeles, CA (Figure 4.13).

Figure 4.13. Los Angeles County Drainage Area Project

The estimated project cost of the above project was $216 million, 1 approved proposal, and a total VE
cost avoidance of $61 million.
Featured Proposals in the project were:
•

Modify bridge nose piers instead of raising bridges.

•

Redesign conflux of Los Angeles and Rio Hondo rivers.

•

Increase height of earthen berms.

The major proposal was a suggestion to use physical modelling to determine if the nose piers on the
bridges could be modified instead of raising the bridges. Modelling demonstrated this alternative solution
would work giving return on investment of 70 to 1.
(d) Portuguese Dam
The project is located in south central Puerto Rico as one of two multipurpose reservoirs with
improvements providing flood protection, water supply and recreations for Ponce and surrounding
areas. The rock founded dam features a 401 m crest length and 67 m height for 15.2 MCM of reservoir
storage. Flood damage reduction was estimated at $1.9 billion with the project in place.
The design was changed from a double curvature thin concrete arched dam to a gravity Roller
Compacted Concrete (RCC) arch dam (Figure 4.14).
The estimated project cost of the above project was $180.1 million, 1 approved proposal, and total VE
savings of $22 million.
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Figure 4.14. Portuguese Dam Project

Featured Proposals:
•

The new dam section minimizes stress concentrations due to seismic loading.

•

The RCC plan eliminated embedded cooling, joint work and instrumentation required for the
arch dam, and eliminated the trestle system.

•
•

On-site quarry plant was replaced with aggregates from off-site supplier.
Accommodated 15 m in height raising for future water supply. The new dam tracked as nearly
as possible original alignment, minimizing foundation and grout curtain modifications.

(e) Southeast Louisiana Flood Control (SELA)
The original project base plan consisted of ‘traditional’ downstream canal enlargements and increasing
the capacity of the pump station. Cost of this plan was in excess of expected flood control benefits.
The Planning Phase VE Workshop proposed a new upstream pump station and force the main
conveyance of diverted flow ‘uphill’ (non-traditional practice) to the Mississippi River in lieu of
downstream canal and pump station improvements. This configuration proved to be cost-effective and
produced significant net project benefits and was selected as the National Economic Development
(NED) Plan (Figure 4.15)

Figure 4.15. Southeast Louisiana Flood Control (SELA) Project

The estimated project cost of the above project was $68 million, $105 million project benefits generated
from VE plan, and $37 million net present worth of cost avoidance (project benefits less cost).
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(f) Stabilization of the Soil beneath the Tuttle Creek Dam, Manhattan, Kansas
Given that the earthquake causes the sand beneath the dam to boil, one method to address this situation
was to prevent the liquefaction of the foundation (Figure 4.16).

Figure 4.16. Tuttle Creek Dam VE Project

The estimated project cost of the project was $245 million, 16 approved proposals, and $50 million VE
savings.
Featured Proposals of the project were:
•

The revised design replaced the cut off wall and the upstream stabilization with a series of
transverse self-hardening cement/bentonite slurry walls.

•

Seepage conditions are improved by burying the relief well collector ditch and possibly adding
large diameter pumped wells downstream.

(g) Riverbank Stabilization at Moccasin Bend, Chattanooga, Tennessee
Stabilization of the right descending riverbank of Moccasin Bend on the Tennessee River was done in
order to protect the cultural resources and prevention of additional losses of these assets to the river via
erosion and slope failure (Figure 4.17).

Figure 4.17. Riverbank Stabilization at Moccasin Bend Project

The estimated project cost of the above project was $36.9 million, 4 approved proposals, and a total VE
cost avoidance of $23.4 million.
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Featured Proposals of the project:
•

The selected preferred alternative is separated into four treatments based on the priority
rankings of the archaeological assets along with the various reaches of the banks of the
Moccasin Bend of the Tennessee River. Each treatment is distinguished by the level of
protection they provide to the archaeological asset below the treatment.

(h) Rio de Grande Arecibo Flood Damage Reduction Project
The project provides coastal floodplain protection with a by-pass diversion channel from Rio de Arecibo.
Original Porto Rico Department of Transportation approval precluded excavation, requiring jet grouting
of poor soils, steel sheet pile wing walls, and micro-tunnelling of culverts (Figure 4.18).
The estimated project cost of the above project was $12.8 million (contract amount), 1 approved
proposal, and total VE savings of $1.5 million.
Featured Proposals of the project:
•

The VECP solution places six -72” (1,456 LF) culverts crossing Hwy PR-10 by open cut. A
temporary 4-lane highway by-pass plan was accepted by PR DOT. The simpler open-cut
construction method also provided better quality control with geo-grid foundation reinforcing,
visible joint inspection and testing, and selects back-fill of the original roadbed.

•

Attention to traffic while emergency evacuation.

•

Original completion schedule maintained.

•

Quantitative savings were realized.

Figure 4.18. Rio de Grande Arecibo Flood Damage Reduction Project

4.4 Summary
Based on worldwide experiences, it may take a long time to have functional VE in large organizations,
sectors and ministries. Effective applications of VE need long-term successful experiences, strong
beliefs and resources. If the main principles of VE are not well understood and implemented, the pilot
VE studies may not accomplish the expected benefits. In this context, based on worldwide experiences,
VE programs are used to facilitate acceptance of VE in large organizations, sectors and ministries. The
main components of a VE programs are as follows:
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1.
2.
3.
4.
5.

Receiving strong support from senior managers
Training VE
Promoting VE
Institutionalizing VE
Conducting pilot VE studies

The synergy of 5 components of VE program can best be achieved when they are implemented through
a VE program.
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CHAPTER 5:

Case Studies of Applications of VE in
Irrigation, Drainage and Flood projects

Value Engineering (VE) is an intensive, interdisciplinary problem-solving activity that focuses on
improving the value of the functions that are required to accomplish the goal or objective of any product,
process, service, project or organization. In other words, the value methodology (VM), a systematic and
structured approach, improves projects, products, and processes. VM is used to analyze manufacturing
products and processes, design and construction projects, and business and administrative processes.
The case studies from around the world have been presented to illustrate the application of value
engineering in irrigation drainage and flood projects.

5.1 Application of VE in Canada- Red River Floodway Expansion, Winnipeg,
Canada
The City of Winnipeg was founded as a result of the rivers being the transportation route for the fur trade
and railroads opening in western Canada. Unfortunately, as discovered over the past 200 years, there
was an inherent risk of flooding on the bed of glacial Lake Agassiz. The Red River Floodway was the
single most important part of the infrastructure that existed to sustain the City of Winnipeg’s future
viability. The 1996 and 1997 floods clearly demonstrated that greater attention was needed to upgrading
the flood protection infrastructure so that it was ready in advance of extreme flood events. This has now
put the city on the threshold of a new opportunity to improve flood protection for the inhabitants of the
Red River Valley by Floodway Expansion (Figure 5.1 and Figure 5.2).

Figure 5.1. Local Study Area for Red River Floodway project
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The Red River Floodway Expansion Project involved a major expansion of the Existing Floodway
protection system designed to divert flood waters around the City of Winnipeg. The Existing Floodway
was constructed between 1962 and 1968 and was located on the east side of Winnipeg. It was aligned
in a general south-north direction with a length of approximately 48 km (29.5 miles) from its inlet south
of St. Norbert, to its outlet north of Lockport. The Project was to expand the existing flood diversion
hydraulic capacity, generally by widening the Floodway Channel and modifying associated bridges and
other infrastructure. Funding for the Project’s development was being provided by both Manitoba and
Canada.
The proposed Floodway Expansion Project was to increase flood protection for people, mainly in the
City of Winnipeg, against very infrequent catastrophic events. While the risk of these events occurring
was low, their consequences were high. The Floodway Expansion was to increase Winnipeg’s reliable
security against floods up to a magnitude of 1 in 700 years. An estimated 450,000 residents would have
otherwise been flooded during such events. This increased level of protection from the Floodway
Expansion provided economic benefits to all Manitobans and Canadians, yielding a net present value
of net benefits of over Canadian $900 million (2001).

Figure 5.2. Red River downstream of the Floodway.

The Project Vision was established to protect The City of Winnipeg against extreme flood damages. The
Project Mission was established to upgrade the capacity of the Red River Floodway from the current
design capacity to a minimum of 140,000 cfs, and to control Red River water levels through the City of
Winnipeg in order to protect the city from basement flooding during extreme summer rainfall events and
make the Forks Walkway usable.
The primary objectives of the Study were to identify project components/methods to provide the best
overall value-for-money project, identify ways to reduce project risk in terms of cost schedule and
overruns, identify early activities to realize flood protection benefits and generate consensus within the
local consulting/construction industry and between government departments. The secondary objectives
included reviewing unit prices for cost estimates, generating “Made in Manitoba Solutions”, optimizing
operating and lifecycle costs, incorporating innovative concept(s), improving constructability aspects of
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the project, identifying modifications required to meet summer water level control, ensuring no
interruption to the raw water supply to the City of Winnipeg, identifying new recreation opportunities and
maintaining ones that currently exist
Following extensive pre-workshop information gathering which included the formation of a trial vision,
mission and scope, the Value study workshop began with a presentation of the “Base Case” by the KGS
team and analysis of the “Base Case” by the Value study team. A creativity phase was then generated
over 180 ideas for value improvement, in terms of improved project focus, scope and reliability,
mitigation of risk, improved scheduling, reduced operating or lifecycle cost, reduced environmental
impact, identification of areas of innovation, improved constructability and generated “Made in Manitoba”
solutions. As a result of judgment of these ideas and development of trial proposals, the Value team
reduced these ideas down to 30 recommendations. The surviving trial proposals were further refined
and grouped into a preferred Modified Base Case option. In addition, an enhanced protection option
was developed including focused additions to the Modified Base Case. Finally, theCity Infrastructure
Modification option was also developed that could be added to either of the other options.

5.2 Application of VE in Iran
5.2.1 Ramhormoz Irrigation and Drainage Project, Iran
The Ramhormoz project (third development block) is a medium sized 5500 hectares on-farm project
located in Khuzestan province in southwest of Iran (Figures 5.3 and 5.4). The estimated cost of the
project is approximately 10 million dollars. To prepare Value Engineering Change proposal (VECP), a
VE study was undertaken in 2014. Value Engineering Change proposal submitted by the contractor in
2014 included 2 proposals on changing the orientation and geometry of drainage laterals. The approved
savings by the client was estimated to be about US $ 3.2 million (16% of the total cost). The proposals
would also improve the schedule of the project.

Figure 5.3. The location of Ramhormoz Project
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Figure 5.4. The general layout of Ramhormoz Project (third development block)

The members of the VE team were selected from a pool of independent experts, engineers, the
consultants and the contractor teams. A few observers were also present at the workshops. The total
professional experience of the team exceeded 400 years. The VE team is shown in Figure 5.5.

Figure 5.5. The VE Team of Ramhormoz Project

The 3-day workshop was conducted according to formal phases of the VE Job plan. After Information
phase, the team prepared the FAST diagram shown in Figure 5.6. The diagram would improve creativity
and help the team use Pareto principle (also known as the 80/20 rule or the law of the vital few), which
helped the team to focus on the most important functions of the project.
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Figure 5.6. FAST diagram of the Ramhormoz Project

The approved proposals of the VE study were as follows:
•

Change in lateral alignment according to the natural slope

•

In the original design, the laterals were connected to collectors and collectors to the secondary
drains. In VE proposal, the laterals were directly connected to the secondary drains by the virtue
of higher slopes. The seepage analysis had validated that the proposed design of the VE team
was adequate for drainage purposes.
Change distance between laterals and depth of drains

•

By changing the general layout of the laterals, the slope of the laterals would increase and consequently
the distance between laterals can be increased. On the other hand, the depth of the laterals can be
reduced by 20% considering the ground conditions. Cost savings was equivalent to US $ 2.3 million.
The VE team of Ramhormoz project developed two proposals on changing the orientation and geometry
of the drainage laterals. The approved savings by the client was estimated to be about US $ 3.2 million
(16% of the total cost). The proposals also improved the schedule of the project.
5.2.2

Paveh Roud Irrigation Plan in Zanjan, Iran

The Paveh Roud irrigation plan (Figure 5.7) is a water conveyance project located in Zanjan province in
Iran. The estimated cost of the project was approximately US$75 million.
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Figure 5.7. Paveh Roud Irrigation Project

Value Engineering study of this project (Figure 5.8) that was undertaken in 2015, included about 12
proposals on changing the water intakes and whole irrigation plant. These proposals could be combined
or be taken separately.

Figure 5.8. The Paveh Roud Value Engineering team

One of the most effective options called “Reducing transported water through optimization of water
demand and the transfer of water through direct intakes from the river at several stations” had cost
reduction of about US$50 million.
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After project redesigning, project cost estimated to be about US $ 25 million. The plan would also
improve the schedule of the project (Figure 5.9).

Figure 5.9. Basic Design of Paveh Roud Irrigation Project

5.2.3

Abshouran River, Iran

Abshouran River in the old territory of the city of Kermanshah, Iran originates from the southern
mountains and divides the southern part of the city into two parts. The basin covered about 12,000
hectares.
The goal of training this river was to transfer the runoff from the river and urban basins of the Abshouran
River and its branches with the concrete floors and walls without roof covering, as well as the
implementation of sewage transfer lines on the sides of the river and some parts of lines Sewage were
also implemented (Figure 5.10).

Figure 5.10. Abshouran Basic design

Value Engineering study of this project was conducted to improve the Value index of the project by
increasing the quality and reducing the life cycle costs.
By integrating the suggestions in three sections: "nature-oriented management", "Artificial wetland
construction" and "Optimization of hydraulic sections and structures", it was possible to reduce the
maximum flow of flood through the river in addition to reducing the cost of the project and also reducing
flood hazards, organizing the nature-river basin to increase social satisfaction (Figure 5.11).
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Figure 5.11. VE suggestions for Abshouran project

5.3 VE for Japanese Public Works in Irrigation and Drainage Sector
In Japan, the Value Engineering method had been applied to the irrigation and drainage projects
executed as public works since 1998. This public promotion was based on the action agenda of cost
savings in 1997 by Japanese Government.
VE has been introduced in the design phase of irrigation and drainage projects since 1998. The
Japanese Institute of Irrigation and Drainage (hereinafter JIID) had accepted 80 orders of contract for
application of VE.
Five cases of VE applications which were selected from JIID’s contract are outlined below. It must be
noted that:
•

All data of five cases belonged to JIID.

•

All VE cases had been conducted by JIID as a contrast type VE.

•

Detail description of cost reduction was not shown. Design fee of alternative plan may not
include to the cost of alternative plan.
Amount of VE contract conducted by JIID was not shown.

•
5.3.1

Case No.1: VE Applied to National Reclamation and Construction Project in South
Kimotuski Area

1. In Project Phase, VE sessions were conducted
2. Abstract
The VE team reviewed the basic design of the reservoir which was the key component of the irrigation
system and proposed an alternative design which brought down the cost keeping the functions same as
original design.
In this VE project, original design and proposed design were evaluated keeping the objectives of
functional, technical, enforcement, economic, environmental, operational, maintenance, and safety point
in mind. As an outcome of VE, optimum plan was selected.
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3. Name of the Project: National Reclaimation and Construction Project in South Kimotuski Area
4. Brief Description of Project Area
Project area was in the southern part of Osumi peninsula which is located in
south end of Kyushu in Japan. The main components of the project were
irrigation and drainage system, land reclamation, and readjustment of farmland
for 1,393 beneficiaries who had 648 ha of farmland. These components helped
farmers to introduce heavy machinery, expand size of firm, and cultivate valueadded vegetable so as to improve the farmers’ income.
5. Project Period: 1986 ～ 2002
6. Project Cost: 37,670 million yen
11,540 million yen

(US$ 335 million: whole facilities)

(US$103 million: target facilities of VE)

Where, 1 JPY = 0.008896 US$ (FOREX at12/10/2017)
7. Objectives of VE
The following were the objectives of this VE mission which compared original design and alternative
design of reservoir, mainline and branch line canal for the National Reclamation and Construction
Project in South Kimotuski area. Terms of discussion were abolishment or merging of the reservoirs,
optimum water management system, and design of efficient regulation tank at Hangaishi head works:
(a) Reduction of construction cost.
(b) Safety and equity on water distribution.
(c) Creation of user-oriented inexpensive way of operation and management.
8. Schedule of VE sessions
(a) The 1st session:
(b) The 2nd session:
(c) The 3rd session:

24th to 25th December, 1998
26th January, 1999
18th February, 1999

9. VE members
(a) Leader:
(b) Session Members:

1 person
5 persons

(c) Observers:
(d) Secretariat:

9 persons
1 person

JIID
National Agriculture and Food Research Organization,
TAIYO Consultant Company, Kyusyu Regional
Administration Office
JIID

10. Outcome of VE
(a) Original design cost of the targeted facility by VE mission was 11,540 million yen (US$ 103
million).
(b) Alternative design reduced project cost to 1,194 million yen by applying indirect-connect facility
with two regulation tanks and direct-connect facility and reduced project cost of 134 million yen
by applying flow control facility for regulation pond.
(c) Amount of cost reduction was 1,328 million yen (US$ 12 million).
(d) Rate of cost reduction was 11.5%. (= 1,328/11,540)
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5.3.2

Case No.2: VE applied to Rehabilitation Project of Miyagawa Irrigation Area

1. In Project Phase VE session were conducted:

(Basic Design Phase)

2. Abstract
The VE team compared original design, which utilized existing driving channel and
constructed bypass channel, and alternative design, which repaired existing driving
channel. The VE team focused their attention on reducing irrigation area and
development of reform technology. The VE team discussed about construction
method with the perspective of cost and technology.
3. Name of the Project:
Irrigation Area

Rehabilitation

Project

of

Miyagawa

4. Brief Description of Project Area
Project area was in the middle-south part of MIE prefecture located in centre of
Honshu and had experienced frequent drought. The project, whose main
components are intake facility and distribution channel, was completed in 1966 and had supplied
irrigation water to 5,800 ha farmland.
5. Project Period: 1995～2012 (?)
6. Project Cost:

49,400 million yen

(US$ 439 million: whole facilities)

8,500 million yen

(US$76 million: target facilities of VE)

Where, 1 JPY = 0.008896 US$ (FOREX at 12/10/2017)
7. Objectives of VE:
This Irrigation system had been operated for 40 years. Because the main components of the irrigation
system have been aging, and as water demand patterns changed, operation of the system became
difficult to supply sufficient irrigation water. As a countermeasure against this problem, National
Rehabilitation Project of Miyagawa Irrigation System was conducted. The VE team was established and
it compared original design and alternative design of rehabilitation method of this existing driving tunnel.
The following were the objectives of the VE session. Terms of discussion in The VE sessions were the
ways of improving the coefficient of roughness, how to increase upper limit of freeboard in tunnel, and
whether intake water level should be increased or not.
(a)
(b)
(c)
(d)

Length of driving tunnel channel:
Execution method:
Design flow:
Maximum flow of existing facility:

16.6 Km
Tunnel support method
10.3 m3/s
8.522 m3/s

8. Schedule of VE sessions:
(a)
(b)
(c)

The 1st session:
The 2nd session:
The 3rd session:

12th to 20th December, 2000
8th February, 2001
16th March, 2001

9. VE members:
(a)
(b)

Leader:
Session members:

1 person,
6 persons,

(c)
(d)

Observers:
Secretariat:

13 persons
1 person

JIID
Taisei Corporation, Tobishima Corporation, Sekisui
Aqua Systems Co. Ltd., Tokai Regional Administration
Office
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10. Outcome of VE:
(a)

Original design cost of targeted facility by VE mission was 8,500 million yen (US$ 76 million
US).

(b)

Alternative plan, which repaired existing tunnel and improved roughness of tunnel by applying
polymer cement mortar, brought 3,540-million-yen cost reduction (US$ 31 million).

(c)

Rate of cost reduction was 41.6%. (=3,540/8,500)

5.3.3

Case No.3: VE applied to Rehabilitation Project of Ryoutiku Plain Irrigation Area

1. In Project Phase, VE sessions were conducted: (Basic Design Phase)
2. Abstract:
Ryoutika Plain Irrigation System constructed the Japanese National Irrigation and Drainage Project
which had supplied water for 30 years and was aging. As a countermeasure, Rehabilitation Project of
Ryoutika Plain Irrigation System had been under observation since since 2005. The main components
of the rehabilitation project were repair works of Terauchi headrace tunnel. With the objective of cost
reduction and technical reliability, the VE team was established. The VE team found out better
alternative repair methods than original method based on the Inside Steel Lining Method.
3. Name of the Project:

Rehabilitation Project of Ryoutika Plain Irrigation Area

4. Brief Description of Project Area:
Ryoutika Plain irrigation system was constructed in 1975 and has supplied
irrigation water, domestic water, and industrial water for 30 years. Because of
the length of its service period, its functional capability was deteriorating.
Ryoutika Plain has plenty of fertile farmland, making it one of the biggest food
production centers. Domestic water supports life of residents in Fukuoka
prefecture and SAGA prefecture. In addition, industrial water had been sent to
Asakura city to support its industrial area.
5. Project Period: 2005～2017
6. Project Cost: 21,000 million yen
2,985 million yen
Where,

(US$ 187 million US: whole facilities)
(US$ 27 million: target facilities of VE)

1 JPY = 0.008896 US$ (FOREX at12/10/2017)

7. Objectives of VE:
Ryoutika Plain irrigation system had been operated for 25 years. By the field inspection a number of
damageing and deteriorating points had been observed. Quick mending was done but radical reforms
were not carried out. As a countermeasure, National Rehabilitation Project of Ryoutika Plain Irrigation
System had conducted a survey for repairs and maintenance. In this project, the VE team was
established to find an optimum repair method for headrace tunnel. The following were the conditions of
the VE mission:
(a)
(b)
(c)

Length of the driving tunnel channel:
3,952 m
Execution method:
Tunnel support method
A number of damaging points on the inverted arch and deteriorating points on the lining
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8. Schedule of VE sessions:
(a)
(b)
(c)

The 1st session:
The 2nd session:
The 3rd session:

9th to 10th November, 1999
13th December, 1999
25th January, 2000

9. VE members:
(a)
(b)

Leader: 1 person,
Session members:

JIID
6 persons,

(c)
(d)

Observers:
Secretariat:

13 persons
4 persons

Shimizu Corporation, Okumara Corporation, Kyusyu
Regional Administration Office, JIID

10. Outcome of VE:
(a)

Original design cost of targeted facility by VE mission was 2,985 million yen (US $ 27 million).

(b)

Alternative plan, which applied retin-injection and splayed polymer-mortar, repaired only
damaged area of invert arch and under the drain, and filled consolidation grout to the ground
where spring water was inspired, brought 1,429-million-yen cost reduction (US $ 13 million).

(c)

Rate of cost reduction was 47.9%. (= 1,429/2,985)

5.3.4

Case No.4: VE applied to Rehabilitation Project of Yahagi-gawa Irrigation System in 2002

1.

In Project Phase, VE sessions were conducted: Detail Design Phase

2.

Abstract

Kitano-B siphon, belonged to the Kitano main canal in the Yahagi-gawa Irrigation System, had been
operating for 40 years and was aging. As a countermeasure, Rehabilitation Project of Yahagi-gawa
Irrigation System had conducted a survey in 1994 and established the VE team to find a better repair
method for Kitano-B siphon.
3.

Project:

Rehabilitation Project of Yahagi-gawa Irrigation System in 2002

4.

Brief Description of the Project Area:

Project area is in the east part of Aich prefecture located in centre of Honshu and
had 7,073 ha of farmland. Irrigation system of the project had supplied irrigation
water for 40 years. As a main food production center, project area had produced
large quantities of agricultural commodities.
5.

Project Period:

1994～2011

6.

Project Cost:

72,900 million yen

(US $ 649 million: whole
facilities)

7,845 million yen

(US $ 70 million: target
facilities of VE)

Where, 1 JPY = US $ 0.008896 (FOREX at12/10/2017)
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7.

Objectives of VE:

Aging facilities and ever-increasing floating garbage made stable intake difficult. In addition, operational
cost and work had been increased. As a countermeasure, National Rehabilitation Project of Yahagigawa Irrigation System conducted a survey in 1994. During the project, the VE team was established to
find a better optimum shield method for Kitano-B siphon on upper area of Kitano main canal. The
following were the conditions and objectives of the VE mission:
(a)
(b)
(c)
(d)
(e)

8.

Schedule of VE sessions:
(a)
(b)
(c)

9.

Design flow:
15.29 m3/s
Length of canal:
2,843 m
FRPM pipe diameter:
3,200 mm
Shield type:
Secondly lining method
Shield method, execution scheme, and temporary works plan should be discussed in VE
session.

The 1st session:
The 2nd session:
The 3rd session:

24th to 25th July, 2002
5th September, 2002
2nd October, 2002

VE members:
(a)

Leader:

1 person,

JIID

(b)

Session members:

9 persons,

Taisei Corporation, Shimizu Corporation, Hazama
Corporation, Fujita Corporation, Tokai Regional
Administration Office

(c)

Observers:

11 persons

(d)

Secretariat:

1 person

10. Outcome of VE:
(a)

Original design cost of targeted facility by VE mission was 7,845 million yen (US $ 70 million).

(b)

Alternative method reduced 1,194 million yen by down-sizing of starting shaft, reduced 134
million yen by recycling incurred soil, reduced 916.5 million yen by applying inner surface
coating method, and increased 3.0 million yen by additional piping works in shaft. Total cost
reduction of alternative plan was 929 million yen (US $ 8 million).

(c)

Rate of cost reduction was 11.8%. (= 929/7,845)

5.3.5

Case No.5: VE applied to Japanese National Irrigation and Drainage Project of So-Hokubu Area
in 2001

1.

In Project Phase, VE sessions were conducted: Basic Design Phase

2.

Abstract:

Japanese National Irrigation and Drainage Project of So-Hokubu established the VE team to find better
temporary work plan in basic design phase.
3.

Project:

Japanese National Irrigation and Drainage Project of So-Hokubu Area in 2001

101

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

4.

Brief Description of Project Area:

Project area was in the northern part of Osumi peninsula which was located in
south end of Kyushu and has 2,052 ha dry fields to be irrigated. The main
components of the project are construction of Tanikawauchi dam at the upstream of Ohyodo River, headrace canal, irrigation canal, pumping station, and
farm pond. The project has supplied sufficient and steady irrigation water to
project area since 2014. The project has contributed to improve agricultural
productivity and farm economy.
5.

Project Period:

1996～2014

6.

Project Cost:

35,900 million yen

(US $ 319 million: whole
facilities)

3,195 million yen

(US $ 28 million: target facilities of VE)

Where, 1 JPY = 0.008896
7.

US$ (FOREX at 12/10/2017)

Objectives of VE:

The VE team discussed to find optimum temporary work plan for Tanikawauchi dam in the basic design
phase. The following were conditions and objectives of VE mission.
(a) Specifications of dam
i.
ii.
iii.
iv.
v.
vi.

Active storage:
Reservoir capacity:
Dam height:
Crest length:
Volume of dam:
Type:

1,920,000 m3
2,170,000 m3
58.5 m
217 m
205,000 m3
Concrete gravity dam

(b) Terms of discussion
i.
ii.
iii.
8.

Schedule of VE sessions:
(a)
(b)
(c)

9.

Storage facility and delivery system for aggregate
Concrete placement facility
Concrete cooling facility

The 1st session:
The 2nd session:
The 3rd session:

26th to 27th September, 2002
20th November, 2002
21st January, 2003

VE members:
(a)
(b)

Leader:
Session members:

1 person,
7 persons,

(c)
(d)

Observers:
Secretariat:

13 persons
1 person

JIID
Taisei Corporation, Kumagai Corporation, Hazama
Corporation, Kyusyu Regional Administration
Office, JIID
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10. Outcome of VE
(a)

Original design cost of targeted facility by VE mission was 3,195 million yen (US $ 28 million).

(b)

Alternative work plan reduced 937 million yen (US $ 8 million) by applying 13.5-ton rail rope
cable crane, applying semi-steel corrugate storage bottle, using belt conveyer, and applying
cooling chiller.

(c)

Rate of cost reduction was 29.3%. (=937/3,195)
Table 5.1. Summary of costs and savings of above projects:
Project Title

Total Cost
U.S. m$

VE Saving in
U.S. m$

VE Saving

1

National Reclaim and Construct Project in
South Kimotuski Area

103

12

11.5%

2

Rehabilitation Project of Miagawa Irrigation
Area

76

31

41.6%

3

Rehabilitation Project of Ryoutiku Plain
Irrigation Area

27

13

47.9%

4

Rehabilitation Project
Irrigation System

70

8

11.8%

5

Japanese National Irrigation and Drainage
Project of So-Hokubu Area

28

8

29.3%

Total

304

72

23.7%

of

Yahagi-gawa

5.4 Application of VE in USA- Rio de Flag Flood Control Project, City of
Flagstaff, Arizona, USA
Rio de Flag Channel (RDF) and Clay Avenue Wash (CAW) traverse the heavily urbanized areas of the
city of Flagstaff with a combined drainage basin area of approximately 15 square miles within the city.
The existing channel was significantly undersized for conveying storm water during flood events. Typical
of flood channels through urbanized areas, the channel intersects with numerous streets, highways and
railroads. The existing system was notably deficient near the proposed confluence area, and
topographic and land-use constraints had imposed limitations to hydraulic efficiency for both the existing
system and the proposed one.
A feasibility study was conducted from 1996 to 2000, and the study found that it was advantageous to
improve the regional drainage system to protect people and property. The U.S. Army Corps of Engineers
and its local sponsor, the City of Flagstaff, had united their efforts in the planning and design of this
flood-control system. Many design alternatives had been formulated and Value Engineering efforts had
been made in order to address the urban constraints and the technically challenging geological,
environment, and right-of-way factors. The latest design covered 90% design plan of April 2009. This
involved two Value Engineering studies conducted in 2001 and 2005. Two major design elements had
already been constructed: The Clay Avenue Wash Detention Basin and the Butler Avenue
Undercrossing (a 16-foot-diameter tunnel).
Due to the increase in the project’s costs from the 30% design level to the latest 90% plan, further
investigation of cost-saving measures was needed. A Value Engineering workshop was conducted
specifically to address this concern. Since there were many prior Value Engineering studies and cost
estimates, this workshop intended to focus on the current design elements as well as construction
issues.
A total of 14 initial alternatives were created by the Value Engineering team. These resulted from
technical discussions, function analyses, and cost-savings considerations.
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The U.S. Army Corps of Engineers (USACE) presented the following three sets of cost estimates:
(a) 2006 Estimates: 30% Plan
(b) 2009 Estimates: 90% Plan Estimates Prior to In-House Review
(c) 2010 Estimates: 90% Plan Revised Estimates Based on In-House Review
The 2006 and 2009 estimates were $55 million and $84 million, respectively, for total project
construction, including the major project cost items. These costs covered land, easements, rights-ofway, relocation, and disposal areas, roads, bridges, planning, design and construction management.
The increase from $55 to $84 million from 2006 to 2009 was due to the availability of plans, profiles,
sections, and construction details.
A total of 14 alternatives were formulated, collectively, during the technical sessions by the Value
Engineering team. Based on an evaluation of the initial 14 alternatives, nine priority alternatives were
selected for further review. These nine alternatives and their associated cost savings are summarized
as below:
Alternative 1
(a) Upper RDF – replace 28’ wide, 8’ to 10’ high RC arch culverts with 18’ wide by 8’ high RCB
culverts
(b) Lower RDF – replace 24’-28’ wide, 10’ to 16’ high RC arch culverts with 24’-28’ wide, 10’-16’
high RCB culverts
(c) Clay Avenue Wash – replace 24’ wide, 8’ high RC arch culverts with 20’ wide, 8’ high RCB
culverts except for the confluence reach downstream of the Five Point intersection. Remove
grade control drops at Malpais Lane and at the RDF confluence. Due to backwater and minor
slope, the confluence reach may not be reduced but improving confluence as shown in
Alternative 2 may reduce backwater and benefit the CAW system design.
This alternative could potentially save more than US$10 million with a major advantage in standard
RDB construction in lieu of special design, manufacturing, delivery, installation and inspection for
RC arch culverts. Reducing culvert width will definitely benefit construction cost including reducing
basalt excavation, reinforced concrete, and shoring.
Alternative 2
Realign the RDF channel upstream of Beaver to join CAW immediately north of Phoenix Avenue
with a new culvert (2A) or open channel (2B) junction structure. This will eliminate the extensive
confluence of the original design and approximately 150 feet of CAW 24’-wide arch culvert
downstream of the Phoenix Avenue. This will also allow for reduction of the RDF culvert from
28’ wide to 24’ wide downstream of the new junction.
This alternative was expected to result in more than US$1.5 (2A) to $2 million in savings and
had the added benefits of fewer construction disturbance areas and opportunities for integrated
function of flood-control, water quality management, and park and open space development in
the new junction and in the existing RDF channel areas.
To see all the alternatives, please refer to the Final Report of Rio de Flag Flood Control Project
by Los Angeles Corps of Engineers, 2010.

5.5 Summary
The case studies from Canada, Iran, Japan and USA have been presented. The case study on Red
River Floodway Expansion, Winnipeg, Canada showed the increased level of protection from the
Floodway Expansion, provided economic benefits to all Manitobans and Canadians, yielding a net
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present value of net benefits of over Canadian $900 million. The application of VE in Ramhormoz
Irrigation and Drainage Project, Iran showed the approved savings by the client to the tune of about US
$ 3.2 million (16% of the total cost). The Japanese projects showed savings to the tune varying from US
$ 8 to 12 million depending on the type and function of the project. However, the savings was
exceptionally high to the tune of US$ 31 million in Rehabilitation Project of Miyagawa Irrigation Area in
Japan. In Rio de Flag Flood Control Project, City of Flagstaff, Arizona, USA, a total of 14 alternatives
were created by the Value Engineering team and they have been summarized.
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CHAPTER 6:

Summary and Conclusions

The 20th century was the century of explosive population growth, resulting in unprecedented impacts on
land and water resources. At the start of the 21 st century, humankind found itself on a non-sustainable
course - a course that, unless changed, will lead to catastrophes of terrible consequences. We are at
an extraordinary crossroad of human history. Our actions or failure to act during the next decades] or
so will determine the fate of the human civilization for centuries to come.
This is a MAKE or BREAK century! In this context, the rate of technological progress should outpace
the environmental/ecological damages and support the increasing food demands. Undoubtedly, water
is and would be the prime issue in the 21 st century and water engineers would be the key players in
coping with most of the 21st century challenges.
Water-related extreme events, floods and droughts, are natural phenomena, and will continue to happen
in future as well. The risk is likely to grow in the 21st century, heralded as the age of water scarcity, while
flood losses also show a rising tendency. Recent climate variability and changes seems to have
adversely affected flood and drought hazard in several regions and this tendency is likely to increase.
Therefore, coping with these water-related challenges require major technical innovative improvements
The ICID vision for 2030 is “A water-secure world free of poverty and hunger through sustainable rural
development”. In order to feed the 9 billion people by 2050, under current markets, institutional and
economic systems, the world must produce 40% more food by 2050 and 100% more in developing
countries. These challenges have to be met with limited land and water resources, using less energy,
fertilizer and pesticides and under climate change uncertainties while coping with rapid developments
in many other related spheres. In short, we must do MORE with LESS

6.1 VE, an Effective and Efficient Tool for the Challenges of 21 st Century
The main theme of this book is effectiveness and efficiency of “Value Engineering” as one of the proven
productivity techniques for enhancing the efficiencies of water projects. This is supported by the
following arguments:
(a) Rigorous Reviews
NASA projects are considered as the most technically complicated projects in the world. As
shown in Figure 6.1, rigorous reviews are the key to the success of NASA Projects. And VE
may be considered as one of the most rigorously utilized tool for such reviews.

Figure 6.1. NASA Project Management Success Model.
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(b) Proven Technique
Based on the results of thousands of VE studies conducted in all technical disciplines, VE is a
proven technique if it is properly applied. Total savings of $27 Billion in some 6500 highway
projects in the U.S. and savings of up to 48% in irrigation projects in Japan has proved this fact
(Chapters 2 and 5).
(c) Extensive Applications
Value methodology can successfully be applied for improving products (Value Analysis, VA;
projects Value Planning, VP; and Value Engineering, VE) and processes and procedures (Value
Management, VM). VECPs (Value Engineering Change Proposals) are also used by contractors
in the context of incentives.
(d) Unbelievable Return on Investment (RoI)
The RoI of VE studies could be in the range of 100 to 1000 times in developing countries. So,
with minimum expenses, very large benefits can be reaped if VE is properly applied. Therefore,
VE is affordable for poor countries.
(e) Sustainable Irrigated Agriculture
In 1999, U.S. government published a guideline entitled “Sustainable Federal Facilities”. The
federal government owns approximately 500,000 facilities and their associated infrastructures
worldwide. These facilities’ inventory represents a significant capital asset portfolio valued at
more than US$300 billion. Upwards of US$20 billion is spent annually on acquiring or
substantially renovating these federal facilities. The main theme of the above-mentioned
guideline is integrating Value Engineering, Life Cycle Costing and Sustainable development. By
the same token, VE can be used to ensure sustainability of irrigated agriculture, which is the
vision of ICID.
(f) Inspiring and Empowering the Transition generation
As mentioned in Chapter 1, the transition generation plays a key role in the context of the current
mega problems. VE can be utilized to inspire and empower them.
(g) Enhancing Organizational Learning
Figure 6.2 illustrates the outcome of the researches conducted on organizational learning (OL)
by NASA. The main components of OL in NASA were as follows:
•
•

Challenging tasks and duties (42%)
Learning from the others (22%)

•

Learning from the mistakes (20%)

•

Feedbacks and on the job Training (16%)

As VE is a challenging task in which one can learn from others and the mistakes, it can enhance OL
considerably.
(a) Matches with the Results of Researches Conducted on Creativity and Teamwork
It can be demonstrated that VE methodology closely corresponds with the results of researches
conducted on creativity, problem solving and teamwork (See reference #4 of this chapter).
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Figure 6.2. The components of organizational learning in NASA

(b) Facilitating IT and Non-structural Approaches
IT and non-structural approaches have demonstrated great and increasing potentials in
enhancing the Value of various projects and products. The function-oriented VE can facilitate
extensive application of IT and non-structural approaches in water projects as demonstrated by
the outcome of many VE studies led by the first author.
(c) Strengthening Peace
Water conflicts emerging from scarce water resources can aggregate the already complex mega
problems in many developing countries. On the other hand, it can be envisioned that Water can
be used as “Blue Peace” if win-all scenarios can be achieved through mutual cooperation and
creative schemes proposed by VE teams. The pillars of positive peace are illustrated in
Figure 6.3.

Figure 6.3. The Pillars of Positive Peace
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(d) From Novel Ideas to Standard Practice
Based on worldwide experiences, many novel ideas and recommendations of VE studies would
become standard practices in time and many projects would be enhanced with very little effort.
(e) Improved Job skills
World Economic Forum published (2016) the top 10 job skills for 2015 and 2020 (Figure 6.4).
As illustrated by the figure, the top skills such as complex problem solving, critical thinking,
creativity, people management, coordinating with others, emotional intelligence (EI) etc.
correlate closely with VE methodology and could be improved substantially by attending VE
training workshops and Value studies.

Figure 6.4. Top 10 Job Skills in 2020 vs. 2015

(f) Unbiased Design
All designs are biased due to the expertise, experiences and orientations of the designers and
the clients. The Value Engineering methodology is based on the synergy and creativity of an
independent team. The independence and outside perspective of the VE teams would reduce
the bias in the design and consequently would result in saving and enhanced benefits for the
projects.
(g) Win-all Scenarios
In water scarce regions, the conflict of interests can be solved by designing win-all scenarios.
Win–win games often carry an ethical message of caring for the environment and
a holistic approach to life and society. Win–win games are a powerful tool to give people selfconfidence and a "we" experience, especially when they have suffered from emotional isolation.
The independence, outside perspectives and creative approaches of the VE teams can improve
the chance of creating win-all scenarios. Creating win-all scenarios is remarkably vital when
there are conflicts among development goals, environmental objectives and heritage
constraints. The case study on flood control dam in Muko River in Japan presented in chapter
1 is an example illustrating the power of creativity in solving flood control and environmental
conflicts.

110

Publication: Value Engineering for Savings in Irrigation, Drainage and Flood Management Projects

(h) Enthusiasm and Passion for VE
The first author has conducted some 400 VE training workshops and about 100 VE studies in
large projects during the last 17 years. He believes that more than 95% of the engineers and
the managers participated, showed enthusiasm and passion for VE.
(i) Saving Cycle
In many developing countries, there are limited resources for vital projects but low-cost tasks
such as capacity building or IT based solutions can still be undertaken. If a small percentage of
the savings from VE studies are used for these key tasks, the total savings can increase
substantially. As an example, a tsunami warning system was proposed for Indian Ocean before
devastating tsunami in 2004, but it was rejected due to lack of funds.
(j) Coping with Uncertainties in Water Engineering
In view of hydro systems’ changes, especially climate change, coping with uncertain parameters
in unique water projects is a great challenge. In this context, the creativity, synergy and collected
wisdom of VE teams can be rewarding.

6.2 Challenges for Successful Applications of VE
Successful applications of VE are challenging, especially in developing countries with limited resources.
The most important prerequisites are as follows:
(a)
(b)
(c)
(d)
(e)
(f)
(g)

Appropriate laws and regulations
Strong belief of senior managers in VE and their support
Relatively long time needed for VE implementation
Required human and financial resources
Enthusiasm for VE among managers and engineers
Win-all scenarios
Positive attitude for new innovations like VE

6.3 Concluding Remarks
In view of the great challenges of 21st century, VE can help engineers, managers and researchers taking
hold of the helm of the ship of the history and changing its course for the benefit of all humanity.
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