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Source: http://www.youtube.com/watch?v=cBZY8Z2rF5c  
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30-storey hotel built in 15 days 
5 times more earthquake-resistant 
5 times more energy efficient 
20 times purer air 

http://www.youtube.com/watch?v=cBZY8Z2rF5c


The Aim or The Mean? 
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Productivity 
Output 

Input 

Input Productivity Output 



Single or Total Factor? Value of the 
Commodities, i.e. goods 
and services produced 
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Productivity 
Output 

Input 

Equivalent value sum of all 
Partial Factors of Production 
consumed, e.g.: 
- Natural Resources 
- Labour 
- Capital Goods 
- Entrepreneurship 

 
 

• ~ 45% of energy consumption and 
carbon emissions 

• 20% of water use 
• 30-40% of solid waste generation  
• 40% of total global raw material use 
• 111m people directly employed 

Butler (2008); UNEP (2012) 
Samuelson and Nordhaus (2004)  



Integration or Bolted-on? 
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Population in HK 

Chart 1 Population and Average Annual Growth Rate, 1961 – 2011  
(Source: 2011 population census, Census and Statistics Department)  



Domestic 
Households in HK 

 
 

Chart 2 Number of Domestic 
Households and Average Annual 

Growth Rate 

Chart 3  Average Domestic 
Household Size  
(Source: Hong Kong Monthly Digest of Statistics, April 
2012) 



Manpower Trends 1983 to 2011 (Excluding sub-contractors/ self-employed 
workers) (source: Building and Civil Engineering Training Board) 

Construction Workforce (HK) 



Distribution of Job Vacancies by Job Level  
(Source: Building and Civil Engineering Training Board)   

Labor Input in Construction (HK) 



Aging Labour in Construction (HK) 
• Shortage of skilled labour:  
• Over 40 years old: 68% (construction industry workforce) 
• Over 50 years old: 43% 
• Over 60 years old: 10% 



Resources Input 
 

 

Domestic material consumption (DMC) for the Asia–Pacific region, Rest of the 
World, and World, for the years 1970–2008 

(Source: Recent trends in material flows and Resource productivity in Asia and the pacific 2013) 



Resources Input 

Domestic material consumption (DMC) for the Asia–Pacific region, by major category of 
material for the years 1970–2008, in million tonnes 

(Source: Recent trends in material flows and Resource productivity in Asia and the pacific 2013) 



Energy Input (HK) 

Energy End-use Per Capita in Hong Kong 



GDP & Construction Industry (HK) 
Year Gross Value of Construction Works (HK$Mn) Construction industry 

Private 
Sector sites 

Public sector 
sites 

Locations 
other than 

sites 

All groups GDP share (%) Employment Share 
(%) 

2001 40,497 41,793 31,696  113,986 4.53 8.89 

2002 42,292 32,070 31,638 106,000 4.15 8.80 

2003 35,187 32,378 31,468 99,032 3.69 8.16 

2004 28,021  28,533 36,618 93,171 3.17 8.04 

2005 26,356 22,334 42,160 90,851 2.83 7.92 

2006 24,855 17,135 48,240 90,230 2.66 7.94 

2007 28,973  14,503  49,390 92,866 2.53 7.90 

2008 33,495 15,339 50,765 99,599 2.99 7.58 

2009 33,606 18,653 48,686 100,944 3.18 7.53 

2010 30,306 31,216 49,752 111,274 3.25 7.52 

2011 35,282  42,069 51,184 128,535  3.39 7.60 

2012 35,441 37,482 40,495 113,418 

                       Average annual growth rate Average Share 

2000‐2011 ‐0.9% ‐1.7%  4.3% 0.5%  3.44  8.11 



Waste Management – Progress? 
 

 



• Building Research Establishment Environmental 
Assessment Method 

• The Code for Sustainable Homes 

• Civil Engineering Environmental Quality 
Assessment and Award Scheme 

• Leadership in Energy and Environmental Design 

• Green Star 

• Building Environmental Assessment Method 

• Many more... 

Environmental Sustainability Drivers 

http://www.ceequal.com/
http://www.google.com.hk/url?sa=i&rct=j&q=leed&source=images&cd=&cad=rja&docid=bWFo7eaC4MMCzM&tbnid=qvtIGU0iTWLjoM:&ved=0CAUQjRw&url=http://www4.uwm.edu/pps/Sustainability/CampusInit/leed-building.cfm&ei=xDNdUf-0LvGTiAfYv4Aw&psig=AFQjCNG86hWeMYyn5CdUVmOk-rW2kvK6kw&ust=1365148823013525
http://www.beamsociety.org.hk/en_index.php


Zero Carbon Driver 

 

Based on: http://batchgeo.com/map/net-zero-energy-buildings as of March 2013 

 

 

 

 

 
 

* Few high-rise buildings in high-density areas in the subtropical region 
* A diversity of concepts worldwide 
* The majority are located in western countries/regions 

 

 

 

 

 

http://batchgeo.com/map/net-zero-energy-buildings


What ‘zero carbon homes’ (may) look like? 

Courtesy of E. Heffernan 

http://www.exeter.ac.uk/


Prefabrication 
Prospect 

19 
http://www.hkca.com.hk/front/201208hkvision_e.pdf  

50% uptake on 
prefabrication by 2020 

http://www.hkca.com.hk/front/201208hkvision_e.pdf
http://www.hkca.com.hk/front/201208hkvision_e.pdf
http://www.google.com.hk/url?sa=i&rct=j&q=hong+kong+flag&source=images&cd=&cad=rja&docid=CwHdSU68p0E-tM&tbnid=ENO9L839NKlVqM:&ved=0CAUQjRw&url=http://library.thinkquest.org/07aug/01297/ramzys3.html&ei=rQITUfSTGMTpiAfW-IHwDA&psig=AFQjCNEgng3ITuS9cx57Wj6w7IoRNHx5qg&ust=1360286754417730


Off-Site Prefabrication (OSP) 
A definition of OSP: 
• “the manufacture and pre-assembly of 

components, elements or modules before 
installation into their final location”. 

 
 
 
 
 

Goodier and Gibb (2007) 
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OSP Technology 
Components & 

panellised systems (2D) 

http://www.vbi.nl/?pageID=69&Title=Kanaalplaatvloer
http://www.vbi.nl/?pageID=68&Title=Leidingvloer
http://www.vbi.nl/?pageID=66&Title=Geïsoleerde_kanaalplaatvloer
http://www.vbi.nl/?pageID=63&Title=VBI_Klimaatvloer


OSP Technology 

Volumetric and  
modular building (3D) 

http://4.bp.blogspot.com/_Xlpf7u3iQZ8/Sw2d3JcAPqI/AAAAAAAAADA/6_MtYNUOgFE/s1600/SHS+Loading.jpg
http://www.mcmproperty.co.za/Page_Images/big/BathroomPod.jpg


OSP – A World Map 

Industrialised 
building 

Off-site production 
Off-site manufacture 
Off-site fabrication 

Off-site construction 
Modern methods of 
construction (MMC) 

Standardisation 

Pre-work; 
Prefabrication, Preassembly, 

Modularization, and Off-site Fabrication 
(PPMOF) 

Prefabrication 
Systems building 

Off-site 
manufacture 

Detailed in Pan et al. (2012) 
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Pan (2006) 



OSP: Level Systems 

 

Gibb and Pendlebury (2006) 



OSP Technology: Diversity 

• Over 100 types of off-site construction 
technology or system marketed by about 570 
manufacturers and suppliers 

• Still increasing rapidly 
• Available Search Engines 

http://www.offsiteonline.co.uk/


• Elements of a system 
– Inputs and Outputs 
– Processor 
– Control 
– Environment 
– Feedback 
– Boundaries and 

Interfaces 
 

A Systems Approach 

http://en.wikipedia.org/wiki/File:First_law_open_system.svg


Continuously      Productivity 
Systems principles, e.g. 
- Quality management 
- Benchmarking 
- Lean construction 

Plan 
Plan, program & estimate 

Do 
Implement the plan, manage 

processes 

Check/Analyse 
Inspect and monitor performance; 

analyse; use KPIs 

Act 
Feedback, introduce 

improvements 

Improved productivity, e.g. 
- Earlier finish 
- Lower costs 
- Improved health & safety 
- Less waste/environmental damage 
- Improved quality 
- Higher salaries 
- Better market standing 
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OSP Integration not bolted-on 

Source: Pan et al. (2012) 
HKU CIVIL ENGRG. DEPT.

http://www.hku.hk/


A year shorter than traditional construction 
Erect 15 units a day; installed in a 40 minute turn-
around without requiring closure of roads.   
Excellent acoustic insulation: satisfied.  
£26 million project- Cost Neutral because the time 
saving outweighs the money spent 
Open sided modules provide for flexible space 
planning 
Modules supported by steel podium 
 
 

Courtesy of SCI 

17-storey modular student hall 
West London 



This elevation shows the concrete core on 
the left and the modular units on the right 

Source: Lawson et al (2012) 

Modules attached to 
concrete core 

Installation of module on steel 
podium 



25-storey modular building, 
Wolverhampton, UK 

Courtesy of O’connell East Architects 

• The installation team: 8 people plus two site managers 
• Reduction in construction period relative to site-

intensive concrete construction: over 50 weeks (or a 
saving of 45% in construction period); 

• An estimated productivity increase: 80% relative to 
site-intensive construction. 

• Reduce land fill: at least 70% 



32-storey Modular B2 Tower in NY 
• 350-apartment includes 930 modules, each with a steel-framed chassis 
• 340,000 square feet 
• Move 60% of the work off-site 
• Shave at least 4 months off an 18-month construction timeline 
• Estimate cost 20 percent less than a conventionally constructed building with a 

concrete flat-slab structure 

 

Source: http://continuingeducation.construction.com/article.php?L=5&C=943&P=2 



MODULAR HOTEL DESIGN 

www.verbussystems.com/ 

Buro Happold

34 
Courtesy of Dr C. Goodier 



Courtesy of Broad Home 

Precast Concrete Panel 
Systems 



Precast Concrete Panel vs. Traditional Insitu 

Courtesy of Broad Home 



Kai Tak Public Housing 

CIC Zero Carbon Building 

Waco UK 



Dr Wei Pan 
wpan@hku.hk  

HKU CIVIL ENGRG. DEPT.

- A mean or an aim? 
- Integration not bolted-on 
- Challenges but also great opportunities 
 

CICID 10th Anniversary Conference 
Innovation, Integration and Implementation 

Enhancing Productivity Through Off-Site Prefabrication 

mailto:wpan@hku.hk
http://www.hku.hk/
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