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Transpertation problems. Air pollution, global warming, Soil and Water

Need better public services and resource un-sustainability...
administrative efficiency

Need to develfop new industries and Environmental Social secutity problem.
Improving traditional industries. Health care and education.
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Sector
1ICT2
Media
Professional services
Finance and insurance
Wholesale trade
Advanced manufacturing
Qil and gas

Utilities

Chaemicals and phamaceuticals
Basic goods manufacturing
Mining

Real estate

Transportation and warehousing
Education

Reatail trade

Entertainment and recreation
Personal and local services

Government
Healthcare

Hospitality ___
Construction Ao 0| 20 0wwvewoges 0 | 1 I
Agriculture and hunting ] ] ' ] | | | |

Y\
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Large capital projects typically take ...and are up to

€66
OO DO

20% longer to finish... 80% over budget,

and R&D spending in construction runs well behind other industries.
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Labor productivity, gross value added per hour worked,
constant prices,' index: 100 = 1995

Total economy == Construction

130 Germany
United Kingdom

120

United Kingdom
Germany

1995 96 97 98 99 2000 01 02 O3 04 05 06 OF 08 09 10 11 12 13 2014

'Based on 2010 prices.

Jd=i Gw)s 89 eowWwwWwW. ravanshadnja.com

D oo |
Source: Organisation "fodféoéonomlc Co-operation and Development
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Global productivity growth trends' - = Construction == Total economy == Manufacturing

Real gross value added per hour worked Compound annual growth rate,
by persons engaged, 2005 $ 1995-2014
Index: 100 = 1995 A
3 *2.6
200 -
180 2.7
160 -
140
120 — 1.0 - 1
N
80 | | | | | | 1 | | | | | | | | | | | |
1995 2000 05 10 2014 Hourly rate  $25 $37 $39

1 Based on a sample of 41 countries that generate 96% of global GDP.

SOURCE: OECD; WIOD; GGCB-10: Wotld BankBEABI'S national statistical agencies of Turkey, Malaysia, and Singapore; Rosstat; McKinsey Global
Institute analysis
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UsS example

. Ciwil
L

Specialty Size indicates economic
wvalue added, 2012

2015 $ miillion

20 US construction average

Building Industrial

Productivity, 2012
$ thousand per person employved, 2015 $

400
380
Automobile
360 - manufacturing
Housing for-sale
340 ~ builders
320
—— Commercial Heawvy
-] and institutional industrial
200
. A il and gas
180 Multifarmily pipeline
housing
180 - wWater and sewer \ Highway,
street,
Power and bridge
140 - communications Industrial?
Site preparation
p— Plumbing, HWAC
Single-family Electrical
housing __
100 [
80 - Diryrwall \\I?looﬁng
- 4
N Poured Residential Painting
S0 —
concrete remodelers
Small trades Heavy construction
40 1 1 Iu.u . oS !)le |"| = — ui“).xu‘v“\\r"v“.rg\vGnshodnio.ﬁ Ao 1 1 1 1 1 1
-3.5 -3.0 2.5 -2.0 -1.5 -1.0 -0.5 o.5 1.0 1.5 2.0 2.5 3.0 3.5

Productivity compound anmnnmnual growth rate, 2002—12
Arnnual growth im real gross value added per person employed, 262
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Politics and
regulation

Society and
workforce

Market and
customers

4 > Sustainability
' and resilience

Demand in developing countries
6 5{. of the next decade’s

/D growth in construction
will happen in emerging
countries

Resource scarcity

NO 1 consumer of global

construction industry

raw materials is the

Urbanization and housing crisis
2 0 0 k people are added

daily to urban areas
and need affordable and
healthy housing

Globalized markeits

- E&C companies
1Iin 2

plan to move into
new geographies

Sustainability regquirements

o of the solid waste in
50 /D the United States is
produced by the construction

industry

Health/comfort needs of citizens

higher than outside
2 -5x are the levels of
volatile organic compounds
found inside US homes

Bigger, more complex projects

123 km (76 miles) is the

length of the
Undersea tunnel that will
connect Dalian and Yantai in
China

Energy and climate change

300/ of global greenhouse
0 gas emissions are

attributable to buildings

Talent and ageing workforce

50 V of general contractors
0 are concerned about

finding experienced crafts
workers for their workforce

Ageing infrastructure
German railway

1 il"l 3 bridges are more

than 100 years old

Resilience challenges

3x as many disasters were
reported last yvear as in

1980

Stakeholder pressure and
organization

6 7 k signatures were

collected opposing the
construction of the Stutigart
train station

Massive financing need
annual investments

$ 1 tI"I are needed to close

the global infrastructure gap

Cyberthreats
o of firms agree that
90 / 0 information controls

have an impact on front-line
employees

Politicization of construction
decisions
the Portuguese

|I‘I 2 0 1 1 government

cancelled a 165km (103 mile)
high-speed train line project as
an austernty measure

B oo o B § Jale UioS B9, WWW . TOVOTTSITOTTiOL COTTT

Source: Press reporis; World Economic Forum; The Boston Consulting Group

Complex regulatory requirements
2 5 different procedures are

required for a typical
warehouse construction permit
in India

Stricter HSE and labour laws

o of the workforce in a
1 0 /cl public project in
California had to come from the
“otherwise unemployable™

Slow permit and approval
- S of infrastructure

$1.2tN could be addea

by 2030 if all countries
committed to specific time limits
for approvals

Geopolitical uncertainty

1 8 Turkish construction
workers were kidnapped

by militants in Baghdad in

September 2015

Corruption
0, of survey respondents
49 /CI believe cormuption is

common in a Westem
European construction market
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Labour productivity in metals
Output per worker, $ thousand, 2014

Turkey 28.4

Iran 6.8
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Construction time!
Years

Process Downstream Power Ports Waste and Commercial Railways
industries oil and gas water real estate
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180 -
160 -
140 -
120 -
100 -
80 -
60 -
40 -
20 -

0 -

Iran MENA Low-Income OECD
Countries

Figure 2.4. Energy Intensity in Iran and Selected Regions (2010)

(Kg oil equivalent per $1000 GDP, constant,20.1,1.PPP)
Source: World Bank, World Development Indicators (2014)
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Annual freshwater withdrawals Water consumption per capita Water consumption by sector
Billion cubic meters Cubic meters Yo

Mexico 80 640

Egypt 68 762

Turkey 40 517

VVenezuela 23 736

South Africa 13 232

Malaysia 11 375 35 43 22

B Domestic M Industrial B Agriculmre
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More than 750 bn$ worth of GDP are generated in areas where water withdrawals are approaching or have surpassed sustainable resource use

Iran
Saudi Arabia

Qatar A
Morocco I
Algeria  IEE——
Irag I
Syria I
Tunisia
Libya n—
Oman
Lebanon mmm
Yemen s
Jordan g

0 100 200 300 400 500 600 700 800
GDP generated in ares where water withdrawals are 40% or more of surface water availability ($ billion PPP 2010 USD)

Source: World Bank.
Note: These numbers are estimated using spatial analysis comparing location of GDP with water withdrawals to freshwater availability ratio. GDP is measured in terms of purchasing
power parity (PPP) and is in constant 2010 U.5. dollars.
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St Petersburg

Moscow
otterdam

Duisburg

N ohie Astrakhsz

Urumaqi

stanbul

Dushanbe

Tehrar Lanzhou Xian
Yiwu

Bandar Abbas

Mumbai

rr— ‘\L‘B-M-W‘.dﬁl)b SJﬁl-*:' W)P'U‘S*QPWWWJQV'OHShOMOm--H 1=50th I ransport Comaor mumm  [ran-Turkmenistan-Kazakhstan Raihway
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TURKEY m W Makou TURKMENISTAN
q =mm ™ ; I.“ @ Ashgabat
’ 1 = |
) o \ = = ;
IRAQ m = o
. SR . m HBiaromand - AFGHANISTAN
--Fim=al T “~Forbat-e Jam H
- Samangan W
Baghdad' I . \\.1_ m Kabul
:-'. LEI rEStElrl - . \ - Dmran Arya - e -
: e .
-‘xDehln::-ran - = | 4" . Kandahar
g A B a Makgun o : N ®
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Kuwait City’ f- m AR
~ | _____.- : i o — - 1
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Gulf - ' ;
B . - Chabahar Hf’
TQATAR - -7 ...
® Doha T o

2 Estnmated range of ITranian exports @ Exising plants Bl Plants under consiniciion

SOURCE: Hamid Reza Tarik, ““Iraniai | Xpoits and Wew Inremational Cement Standard™, Iranceiment, co1n: '\-"11_'T\.-'i||'-.i.'_-( Global Instimue i'|.II.'1|‘:."'\"'|
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>2200 kWh/m’

2000 kWh/m?

1800 kWh/m?

1600 kWh/m’

1400 kWh/m’

< 1200 kWhir
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Largest gas reserves
and 4th-largest oil
reserves in the world

10th-largest produc-
er of petrochemicals

0 of top 10 consumer
brands are domestic

19 UNESCO
World Heritage sites

Q00O

56% of households have
income over $20,0001

Largest automotive
market in the Middle East

60% of Iranians
have acess to 3G/4G
networks

Top 10 reserves of
iron ore, copper, and zinc
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Over half of all
households own
computers

90% of
pharmaceuticals are
produced domestically

Net exporter
of electricity

75% debit-card
penetration rate
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2000 2010 2020 2030 2040 2050
—— I d -l Photovoltaics Geothermal Biomass
—i—— CSP Plants Wave/Tidal e Hydropower Qil/GAS

Coal

Figure 4.12. Investment Costs ofsRenewabdePower Plants
Source: DLR, 2005
Y\



o (g0 (SN g 4

B piwuw s>hb 9 Jud=i ju)y> (89 ,=2ewWwwWw.ravanshadnia.com




PP S s a9 40
1950s: focus on efficient automation of existing processes

1960s: advent of 3GL, faster and more reliable computers

970s: system development becomes more like an
engineering discipline

1980s: major breakthrough with 4GL, CASE tools, object
rrenfed methods

1990s: focus on system integration, GUI applications,
client/server platforms, Intfernet

®»The new century: Web application development, wireless

PDAs, component-based applications

38 piw sobb 9 Jd=xi pw)d (89 eWWW.ravanshadnia.com



What’s New in Systems Engineering?

®»Systems are becoming far more software-
INfensive

®System complexity Is iIncreasing fast due
O software complexity

»\What's the same as It was, and what's

different, and what should we do about
K>
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Impact of System Development
“Process” on Quality

CMM Project Statistics for a Project Resulting in 200,000 Lines of Code

Organization’s | Project Project Number of | Median Cost | Lowest Cost | Highest Cost
CMM Level | Duration Person- Defects ($ millions) | ($ millions) | ($ millions)
(months) Months Shipped

1 30 600 61 5.5 1.8 100+

2 18.5 143 12 1.3 96 1.7

3 15 80 7 128 9518 933

B picwuw s=>bb g Jud=i Jw)> 8 ,20WwWwW.ravanshadnia.com 3-40




er iIs a moron.”

November 19, 1909-November 11, 2005)

y 3
Y
Yy 2
14 i
b

“People think computers will keep them from making mistakes.
They're wrong.
With computers you make mistakes faster.”
Adam Osborne (March 6, 1939 - March 18, 2003)
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Level
1
INITIAL

(inconsistent
methods)

Capability Maturity Model (CMM)

Level
2
REPEATABLE

(consistent
project
management)

Level
3

DEFINED

{consistent

Level
4
MANAGED

{process

managecd
and
measured)

Level
5
OPTIMIZED

(continuous
process
improvement)
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